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SUMMARY
I . Research Title

The Design Standard and Specifications Evaluation for Frozen Rupture

Protection of Water Supply Line

II. Research Summary

Korea is considered to be a seasonal frozen soil area that is thawed in the
Spring, and most of the area is frozen in Winter. During the winter season,
the climate i1s heavily influenced by the cold and dry continental high pressure.
Because of Siberian air mass, the temperature of January is range of from -6
to -7C on average. This chilly weather generates the frost heaving by
freezing the moisture of soil and damage potential of the road structure.

Since, Water Supply Line are comprised of various pipe’s materials and layers,
it 1s very important to know seasonal and pipe’s material character, climate
character of area as well as structural appropriateness and capacities.
According to water supply line Design Standard, laying depth is uniformly
decided by freezing depth based on the temperature condition, regardless of
character of area(climate, soil condition, pipe , pipe’s material character).

The objective of this research team is design standard for frozen rupture
protection of water supply line. In order to accomplish the research goal, many
studies should be performed, including thermal conductivity test for back fill
soils, analysis of present condition(frozen rupture, distribution of water supply
line, studies of internal and external, design standard about internal and
external), investigation of frozen rupture mechanism and forst simulation in the
field and laboratory. This study will contribute to suited water supply line
laying depth.

key words © frozen soil water supply line, design standard frozen rupture
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5. E¥9 7|&

(1) =2 AT 45 ==Y
3},

(2) 2o Hx Aol A

A wHetE S g sio]of

Aolojof dtal wmWEES e dhA
g mF B AAA 183

5
=

=N
[¢)

AR e =zaeatel ¢ o] sfoof

U, s oo #E midste B9E
A, Mol <E 5-1>9 HAEY o
qS ALoE adetA ofyaly, F

<y 3-1-1> A= A A el 341980 ~19899 A=)
<E 3-1-5> wWEE wEA HaEYE
- = F|AEq
24 900mm O|s} 120cm
£t2Z 1,000mn 0|4 22 O|AK(TH, Z|2 150cm)

(3) 71 ()X AAE Ede FAZoE T3 EI o]ifolojof M,
AR <ad 3-1-1> HFAAAGLY A AYEdde] FHEE
o]-g3ate] Fakx 20cm ©]/e] AFE 7FAoF gt
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e 71 List @ vl=r, Ay, 9

=iy Ak ey 7], A2

AWWA (American Water Works Association)

Specifications 1= AWWA

e sy

Water Pipeline Design Guidelines Saskatchewan 2=

Buried Pipe Design 2nd Ed. A.P.Moser

ASCE 32-01 Design and Construction of

Frost-Protected Shallow Foundation ASCE
Minnesota State Building Code "] = Minnesota
TxE
AASHTO LRED dege Design AASHTO
Specification
Eurocode 7 Geotechnical Design Part 1: EU
General Rules (EU)
A4 A £ ISSMFE COOMEE
onference
1) A5E #=2 A4

=9 Fu@AHA JFES gRlstr] fskel v= AWWA(American Water Works
Association)®] A/HA F 163705 AT AWWACIA Z33 BEE AHA =
Fotr A2 A AA P A #Ag As AN AF W) AA 7]E 2 A
o] sAZlolo #AHAT FAHS S T glAdh

_]

=
Pipeline Design Guidelines)oll A1+ 13% Depth of Coverol4 4% wlAd A] 119
o & AWEA54S vuA AAsHA vF e, #d e <iE 3-1-7>

of ettt

<3} 3-1-7> 7lyt} Water Pipeline Design Guidelines® A% w334 7|+

Water pipeline?} Service connection % EZ
Hag A¥re] sAZlo] ool Hojof gt} (o ¢
shallow-bury winter-drained systems).

A A=A ol ArER Y 2F AL A
of wh thE A ol

25 m: Swift Current, Moose Jaw, Regina and

13. Depth of Cover
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Weybern
2.7 m: Saskatoon, Biggar, Humboldt and Yorkton
3.0 m: Prince Albert and Nipawin

S ol oA B, A WBZol Auke] EAL
o1 AAAAL FAG FrEwe] A AHE e

A A sokg.

FAZol= &9 F5F, 34|, snow cover, snow pack,
FAR G0 w2t A4 E ) depth of cover= wet areas
9} sandier soilsoll A F7}gtch. o] 2A < FAZ o] Ak
of ost AARYE AFAHoRE FJHIL A= A
TEE9 A& Fask= Aol HPELX] Ea=s

AA Ayt Ab=AA D] Fred A
now, AA Fem=a ufd
' Aol Ajge Ev FAE AA e
7| $Hstel mE FAAT T
nZo] Zhol=ghglol] FEE o
AtelE HESH A Hd w4705
mj A o] AA ] #a] FAI =412 “Buried Pipe Design(A.P.Moser, 2008)” <]
5 A ABAEZ w7 AR B2 ZA] A o g
W&ol tiiEel BAom FJALYAY. F5 HE T AT o] FAEst= oF
ste & & 435 (frost loading)dll tigh Awo] zrefstAl A7fs i glom, wjAdd
A Al Awke] FAEAR S FQlste] wjdZlolE A EE Sttt Ed
of el gk A3 A vfolz o] A (rigidity)ell whet A wkEA Al R A
st H 3%01 At st 2uj74A] zﬂﬂ T UAes Ho
= a

= A ko) ¢
< 7x T dF FxE g AHte] AEAS A9 mystEAdd g WU
2ol g4 FEHo gJom o= T HES FAAFI Aol o] ¥E=m

242 a9l

ASCE 7](32-01 Design and Construction of Frost-Protected Shallow
Foundation)o| A= &4 WA & 9gt &2 7z AA WAES AASHA 7<=
o glen, 5 JE AA = flAT<E 3-1-8>.

_3"_



<3t 3-1-8> Minnesota State Building Code

1303.1600 FOOTING 4/\7127101- EAAst] X3 ol Uo]r} Q=
DEPTH FOR FROST HArd g7 xZol= Zone I+ 5 ft, Zone II& 3.5
PROTECTION ftO]E} (31 Zone I°] © HZFo AU3)
MAZZ, w7 R GE GF 7R WEA oy 37
= 35 HFH © =2 H i

1305.1805. FOOTING | | & orthel dsex &4 w7k =ofof @
AND FOUNDATIONS | & A7) 2207} 1303.16008 wHEsjof skt

2. ASCE 32% wert}

3. itk 2

AASHTO(American Ass
7ol A e &2

Nz EARe] ohelel Ak TS

ociation of State Highway and Transportation Officials)
ﬁL;(-]g]_—y o] Ouﬂ A7

23 = (Contour Map)S =

o] A& feiM= AGERE AAE Ho FZHZo] X

stes star 9l wdf, wzh wAY Ag s AW FHol FAHd(frost
susceptible) < 3_-%‘*0&3}04 T4zl ofH2 AHAXE FAY ¥ E3A (nonfrost
susceptible) o2 *|3tat AL AAlsal JTH(<IE 3-1-9>3F).

<3 3-1-9> AASHTO 7]

SECTION 10: 7% | €2 7|2+ W=A] 547 o] ofgfo] fx|slodof s, 522
(FOUNDATIONS) |ol& A94 zpzo| LAdoF g,
B SHE- A|wko] sAto] whA 715SH(frost susceptible) %591 7
SECTION 11: i}, | %, "WHAle] HA £9ZolE= BZ47lo] o]ito] Holof gt} 5&
Wz}, w A A4 29 FRE gl A JbsEA 22 H(nonfrost
(ABUTMENTS, susceptible) & | ghafjof 3c},
PIERS, and WALLS) | A1Z}3t =4 Ol dAatE = A9 w7t 7|2E wr=A] 30 ft (90 cm)
o] 4RE #He FAlo] A alof i,
e TAys] WA #HI 7]+£LS EurocodeE s o, Aol of
g5 s WA, vz B4 A8 WAE A9 1F F oWe ST B
5 9 Weotss g9l o 5 JTH<E 3-1-10> %)

<3 3-1-10> Eurocode 7 Geotechnical
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5.3.2 Fill, dewatering, | A=A 24 Aldle A2 347 4 7S 1H 5
ground improvement and | ¢F W A 2 WA JheAo] e T AwAR AL
reinforcement 43 4 gl
et 2 e 4% SN B g
| - g g Aol g HA A
6. Spread Foundations _ % Zolst =AZe] ofgfol Ao
- BR8] Fie] AAH A
% 9 w29 sAdde WA 94 FEow A
12. Embankments ook it} AWk ] Alol= HFe FHANE A
3l oF gt
(3) Akl s #4H 7]+
Az Fx2E9 4 gig gs& Wxstr] A% A2 A 1) s2zo] o
sto] wjdsl= WHI 2) T4 FTS WA e v T AERE A= W
Ho g
Ao e Wz = v BN AREE A dAME 52 wE F9
Al digk o]s|7} s ofoF g, vFHHUS Army TM 5-818-2-2, 1985)9
A A Bl @ 71Ee ohdish ol ANSAL Ytk <E 3-1-11>+ E4
U A4S s ARE el wE F9 s 34 VeSS AAst L e
W, Aol B9 ERWIE waE sk
< 3-1-11> AU 34 93 &9 75 (US Army TM 5-818-2-2, 1985)
. M
SR Soil type o ur A2l FAEFH
b= i | e
(a)Gravels B
NFS*™ Crushed stone, rock 0~15 GW, GP
Eb))SandS 0~3 SW, SP
a)Gravels .
PFS™ Crushed stone, rock 15~3 GW, GP
(b)Sands 3~10 SW, SP
S Gravelly soils 3~6 GW.GP, GW-GM, GP-GW
Sandy soils 3~6 SW, SP, SW-SM, SP-SM
g2 Gravelly soils 6~10 GW, GW-GM, GP-GW
(a)Gravelly soils 10~20 |[GW, GW-GM, GP-GM
Fl (b)sands 6~15 SM, SW-SM, SP-SM
Ea))Gravelly soils > 20 GW, GC
b)Sands, except very fine
F2 silty sands > 15 SM, 5C
(c)Clays. PI>12 - CL, CH
3 (a)All silts - ML, MH
(b)Very fine silty sands > 15 SM
(c)Clays, PI>12 - CL, CL-ML
F4 (d)clavs and other CL, CL-MLCL and ML; CL, ML
P 7Yr ed - and SM; CL, CH and ML; CL, CH
e-gramne ML and SM
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AN B . PEG dolE FPL WO A
2 53td sZ4AF HolHE AAFoEN FAZ o] ARl dg NS =
FAzZo] ol wjdyE FxEol Uist F3F o tid AL S TR
(<E 3-1-13> #=x)
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Agency Use of Frost Protection in Thickness Design
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Oregon DOT Pavement structure > 50% of freeze depth
Washington DOT Depth>50% of maximum frost depth expected
Ohio DOT Remove and replace frost susceptible materials
Utah DOT Remove and replace frost susceptible materials
Idaho DOT Capillary break / rock cap

Montana DOT Frost protection not included in design

North Dakota DOT | Frost protection not included in design
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PCP, PVC, PE, Stainless steel

pH. density of Hydrogen sulfide,
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Material of pipe
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Bedding material for installation of pipe Diameter off pipe
(D < 100mm, D > 700mm)

Maximum water pressure Installation region,

Type of soil, electric resistivity of soil,
traffic load

frost sensitivity of soil
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£ Janseen(1895)2] Ald &2
7 3 TEEY EdAbg e
AFE-5 o] A= Marston(1913)0] &, Hulw %2 F2E uldzdd w2} AEs
Spangler(1948)o] & A F83 ofx e AAxy g

Handy(1985)2] o} o] &3 tj o] AAxl =&
g A7 A

ol
=
S
oo

Ol
o
rlr
T

o

2
>
ol
lo
o
ru

(1) Marston©] &

Marston and Anderson< ¥t AWME Ast4d 2 7tAaglo]x Fo Ao Q)
QA A AR F2EL] AR HES 499 dAUrS FA =323 & o5
9

oot 49 B¢ AR weA @

_l

V+dV+ 2k - dh= V+ 1B b (3-3-11)
d

-5+ Zpk?qd =rB, (3-3-12)

O—— &

A
T+B4dh -4 [Ku+Bydh

By
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b ohed e 48 9g

Ol
X
20,
o

4] (3-3-12) 1A Ad¥AdA=S 4

— ok — oL
V=exp e PirBdhtC (3-3-13)
rB —2kp h
oo +Ce (3-3-14)

Z7] BAAA h=0d W V=0clmz 2 (3-3-14)°] A&¥sF C= 4 (3-3-15)3%
]

C=— (3-3-15)

1% 4 (3-3-14°1 Bdstel A et 2 4L A2 & vk

= (1—e_2“kézd) (3-3-16)

BZ — Ik
LW, = ;@d(l—e ") (3-3-17)
A7 M, Wi= wdse] w9deld Agsts 98 Ed(ym), = £ @94

A5 Et/m3), B,= & ddelMe =#4F (m), K= ESAT, nes &9 vk

T(tan @), = Fo vz, He A folA # Aa7bx o] Aot

(2) Marston-Spangler & Fo] &

Spangler+= Marston®] &< S7sto] vtx obA) Aotrd, 7t2ds9 WA AE
21, idEe] A F HuE e JEXGHEY] 3t 5o e wEk gk =
S FHE A At} Spanglers ¥ WA FHA S =F3d Al A=Y
A FEE2Y wAdd E9d =95y ujdd 59 FHE ERsdow, o F
7HE dnbAEQl =y ufd ko] 9o o] v EQFS #e 9, =zE 3 o
A Zol, Fo dAATH EGAT o Wt =i
<% 3-3-8>3 22 dejdole =ity wjAd oA Zlo] hell $IA|g FA 99
WA FHase] s WEk g HYS mestd v 22 #ANS 7
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gB ,+ daB ;+2uKqdh= gB ,+rB ,dh (3-3-18)

XL
h

q
Vv dbddd 4y

Hldh| |1« Kqdh =4 | Kqdh
R
q9° q

22 () ol ok,
daB ,+2uKqdh=rB ,dh (3-3-19)
FHE BoF dhz Uhw thgd e Agu| g ae Tkt
it 2?5‘ a=r (3-3-20)

_ 2Kn 2K o
k= | B, h="p & (3-3-21)
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2K

— 28 p
g=e P [fe Ba rdb+C]=e B

2Ky 2K
ol B, H#n

9K e r+cC (3-3-22)
AA 21 93] A=0d |, g=0 o2&
_ By _ 1B,
0—2—K11T+C:> C= ZKU (3-3-23)
g B By H_ rBd]_ 1By o 1By
2K11 2Kn 2Ku 2K
(3-3-24)
Bl 5]
- 2Ku €
ol wjAd 3 9] AzSHLS 2(3-3-24)9 ~AS H= At wHr}
q: C drB d (373725)
2 g,
o, Cpe 178y
’ d- 2K11
webA, e AAE e 4 (3-3-26)9F
W.=C ,rB% (3-3-26)

DT @ doleln), ;Y FH Az, WPdE Fol JFS W HF AR
Adolth £& ri aw AR AN Fo wgFFoln, B an 4y

Spanglar theory)ell =A3ste] AAtETH o] o]Zo A= w3k 2
ARt Hulg-71e Ag-oF AAAA G dXA ko] AE ofs Q& A5 27}
A2 Uil JAAE =% 3 (ditch type), $AE &% 9 (projecting type)©
AAE F AFe AT ATolAE s 22T ud pEaEdEES &b w1
= §-7] 7VHHUL5’?% ol-sl wo] Marston Spanglero] &ol |3k A ESH
Hop & Eqfoldte] #AEstr =z oA thste] APe Aol AtEo dow ¢S

MAsel  Agat  dAEge EHom:  wAEAmEeolE(Marston
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Ao e F99 Halyl Avz sgulgg o] fuE o] el 243}
AT 4 iAol Al o1 o] Aol

(3) Etoll ofgk o] WP ol #gko]E(Spanglere] W)
Spangler+= E%o] 78S e WP TS EAste] Aol A kel
3 @ Adke ZHgsle A EQe] oF 40% A ok AT AS-E #EE BEY
of Ay o] HAme] oA A7} HARE ATl o= AEH EYoR
e A2 R g Eke] Wye] WAL £ WP e Al wel ¥ FH E
Aol &5 AdES FEAI7I 24E ESS ofFadd 93] 8 &Ho= H7HAF
24 ESHS Aztetth. wEbA, g do]l A el vl AEvF Fov AAdHES
A S uf o] FEwF we #e] F QoA BAHE FEEY P obHay
of Jgow FzMgow I 4HS W=t}
g yke] M-S # AN st #e] BAAG e v EA FES Qo o
ARG I S A

SYAFE B Fol $E BYAOR HFol A§AnE FI
o ] =
=

KWT3
-D c (3-3-27)
EI+0.061Er
A7IA, AX= #gWYEE, D = WHIAAAST, K= 712 AAZd & A,
W= d9ldold #9 s, r& &9 w4, E= & A5 vddAF, [+ #9

Bedding angle
(o)
Bedding
constant (K)

0° 30° 45° 60° 90° 120° 180°

0.110 0.108 0.105 0.102 0.096 0.090 0.083

<# 3-3-5> Lowa &4 A&H= &9 dAZAF(E)

E’ for degree of compaction of bedding (kPa)

Soil type-pipe bedding material Slight Slight Slight
(USCS) Dumped <85% Proctor <85% Proctor <85% Proctor

<40% relative <40% relative <40% relative
density density density

Fine-grained soil (LL>50), Soils
with medium to high plasticity
CH, MH, CH-MH

No data available; consult a competent soils
engineer; otherwise use E'=0
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Fine-grained soils (LL<50), Soils
with medium to no plasticity CL,
ML, ML-CL, with less than 25 %
coarse—grained particles

350 1380 2800 6300

Fine—-grained soils (LL<50), Soils
with medium to plasticity CL, ML,
ML-CL, with more than 25%
coarse-grained particles 680 2700 6800 13800
Coarse-grained soils with fines
GM, GC, SM, SC contains more
than 12% fines

Coarse—grained soils with little or
no fines GW, GP, SW, SP 1300 6800 13800 20600
contains less than 129 fines

Crushed rock 6300 20600

Accurqcy in terms of percent 904 904 L 19 L 05%
deflection

2o € 4= aATR] AMA S

3 B 2 Wt og S HWIgome] ¥y
&3 Hooke's laws A &3t 455 W djde] 2271

WaF (o 2 4 (3-3-28)3 #Zth

oA71A,  E = el 8AAF,  av AT (coefficient of thermal

expansion), A7TE EZC &% W3lo|t} F 235 (frost load)S A A Ao

o] 2% stz X olARE AAl A Slof ;s i gl= AAolt oY
g sAstT S Bty d4 9 AA A&etAw dA AdAQ] WS Aefsta
= sA%Tss FASE e 4A @k sEss e TUY EF Ao tex
Fdd AdA Fo] AFoltte MEE wAlE oF7lsta . FHsTold &
ol 0Colatx WM = U wes EYgsds TAHE g5 S7HE 2ot 54
Egtelgtik St o BAH = ANte] FAFTL S oiye £
Fgomw BT FHO T Ee SAFG #A AG7HA wol o
gtou, #dstgol M= obd = AEe o] SyEo] A=

Auizow FAstTel 7HE AA TS vAE AT BELQdY 53] dEEE
b EARET AAE vk Aoy AbdESE 22 2HA FolMe= RdEgol
U B F9o FF A7) Wil sold AR Ao dojuA g e
B FAESRe] WAL vig Atk ofd wheto] dEA FeM= RuEgo] A
THrE B, ST el ool HluA foldtm, ool #MZ(ice lenses)7}
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Y57 Wil SAWFel mwA =7 dojurh et FHEAME 1Fo)
skl 959 FARFe] B ok BAWF FAES WA vy
S AL ohm ANe] Tz =A ARG AATEFUE HE
we Asel FAARRe AANAG FAEGS Ax, wnd FESH 2o 44

- 168 -



Wr%%
Eﬁw‘ol,rlﬂyﬂﬁo
ZO:IO“EO OwO on
oﬂﬂoél T
Mmﬂ ﬂul%m_ww duer,
#eN_.OMﬂHo‘HM_‘.rUW WW
Lfﬁ#;xuro% Jo =
2 E 3 - wE 4w
]ﬂEoEﬁ]ﬂﬂ - = ﬂ“o_
,w.)A \I/".._O#\ OZ.#OG %#Ui_low
;ooEoT%X_oﬁU . ]mﬂxm —
t+ B0 ﬁomﬂa_A %Qg ° ur 2 =B B
™ 2 L g T o & FEE Y
LfVmﬂwM_Tﬂ . < ]éLﬂu G Aeﬂa
WF %diﬁé 3 W = B ﬂmn W=
1 ﬂnﬂuﬂo}ﬂ% doﬂuﬂ,_ uwbzo ﬁuﬂmﬂamﬁqﬂéﬁa:
T_ M%MH moVEO n_udﬂ 1r:ﬂ_n: ﬂ]../v .aHAr_uuhio._l
= _fooéo_l\UIJ|~.ﬂJ|ﬂ i ys.L Hlm*l}%ﬁ,al Eﬁo‘ﬂpuﬁwog v,_a ‘%
a B P U x5 %m& %Ez ° ﬂéﬂé%mﬂlﬁ.7 B R
—_ ol 23 o = T oy B3 <0 ) Xl oy N om ® o o 5 R w <
o T e N == 5 W % ° = R o
< L1o_,_1%xE T W o K cu7 1)0 o = o
Z..— UWOﬂ_l7.W02,I HT_\_:WNEO ﬁE]X_-_ILf 1¢AOL:,UIMLM\WO1%|‘O|‘|J| Ay
ﬂ%}ﬂﬂﬂi g Eoﬂﬂm %Eo%ﬂwREljuvwm T &
=) uozvqoraq:w moajwm - B 5 : m%TJﬂeﬂ@ N
fa %ﬂu%ﬂﬂ% ® LT SR s T 5 p 2
oI _ u54 (= ,}Sﬂrﬁlﬂ_: ol A
X m 3 .Hf ~ 0 n Jla;o LLOP mu6 <
Ekmnﬂuoar@ 2= mﬁ?omq@%ﬁAmmza&wm N
% 3155 foEs 1T£g] x
*n WW%T@N@WE@H@W @ﬂé?%ﬁ%kémﬁ;bﬂ@%@@ q_a»
= qﬂ:uﬂ&o:mmmqmmgoo Eo_%wwﬂoﬂ(ﬁﬂ %@mﬁvm%@ﬂﬁﬂu EAT
J.Zu =X =0 ;]_ ) JI] 1r11 . =
e mhﬂguo»,ﬁmaﬂﬂoﬂﬂqu = Nlioxﬂ_wl]@ﬁ OM%wnEﬁmﬁﬁwo V
u,ﬂmmwﬂﬂl ﬂl:].gevﬁo# q,azaiﬂ E#Wéﬁl%éﬁafmﬁ. n mh_wu
bo ﬁw]xwﬂwﬂwﬂm7zou0mm% ﬂ,_imm_ﬂ?”fégoo.&.mcogoOLLo ﬂé
el meﬂ;ﬁgémuw_mﬂ%oh mﬂﬁmﬁyﬂ% Eomﬂ.mﬁw:mxyl&ﬂ 2 2
A\ i‘_aﬂ_/goﬂLor_@orawaLooM N]_. ]Wimﬂ%%ﬂru MAT% Eaﬁ_
4 ,.,_AIEﬂHq E;Ao i’ AJ.;_ o_ePﬁioﬂxaoﬁiw tjldio&om.,_LOf s
1%% T Eo@lﬁibfgoé% %%ﬁoﬂﬁ@Earer%mu%gL T
}mﬂk} = = TH ﬂ]h\wqe Eiifmd Afﬂquﬁé 2 o
xﬁ__owrbc oﬁlmﬂ ; T eszLLEg % 5 x B2
TﬂeX]E@ﬁMMﬂﬂOM J;Of‘._;oV ]_§|HT VJ\./O,m.ﬂL. LﬂY <
mH:/w]é;.ﬁuS xo]x %uﬂ n_rmﬂasw B o - Mo%
Nlux N Ln7dothoEﬂﬂlGnEN]oEﬂ ~
<0 Y N g ~ E_th m]ag oao%drgo_/
%oﬂms Baﬂﬂq?ﬂémﬂosuhiﬂrx ﬂww
XX ..Aroqr)01r Eﬁ9¢| S E_ﬁiL,%]mH
Sw B %mmmmm 1}mmgmogﬁm%@%
S cm@zm@%%mma%%g%gg@
20%Eoimgﬂ%ﬁo@Lmnlbdo&omiodﬂﬁwpz]té
(tym»oﬂqmﬂmt}moﬂ.gu%wﬂﬁ
@Eomﬂﬁﬁ]MMMVomﬂstﬂzlﬂv
%_gum uﬂgﬂﬁﬂ l
L%Heﬂﬂtuﬂﬂl%
goﬂlgaz%14_q/
ﬂlge MMO_Q%
)A‘Ol,UIO ‘m'r,._
W &
OC/\WO
~H

- 169 -



Tor

o]

)
2

3haL

L
a

29]o] ASTM, JGS, TRRLWH S A

B
<0
!
ol
"

N
i

S A

e

[ex]
A

of thske] d+-st

o e el A

r1Ee opd AlAEA

o

9

1
T

3-4-2 7 3-4-4>

hya
ar

oy, <

nze]
-
ool

]

/g-/\

3-4-1> ASTM, JGS, TRRL 7|+H¥ Au&

<3

)
o
B
©
) S - S
g 5 3 £ E 3
o~ mt Q %) >
= | S| A £ 23 ”
= o = 7 m = =
g5 | 3 N 2
Q
=
@)
)
| 5 5 E E £
B E, | s Eg S
— T 2 o o ) S< o)
(=) SIS = ] 60 — 0 0
R g2 A = S T 2
— 5] > D, DH %)
o~ Bl m 1 T
= £ 3 S =
e o= 8 < )
N = © o o
&} B M — N ©)
= Q o~ o~
S 3 3
@)
)
. o
8 = £
| = QO m 3 Q
o o) 3 )
= | 28| 8 | 2 2 E 2
g g = e = 7
A = 9 3) {3 o
= o= ﬁ — D
M = o < L %)
T = o
0N © @)
< <
@)
= [
o o nt
20 o — = OH
Q g o S TS Om = 55
o R A& RIS =3 o = BSR=Ap=!
> ORI B @ ) N S 2 ET
T mt ee tm = QD n.IW
3 rrvh © ) o Q
E5 | 2 7 |S%
A

- 170 -



<% 3-4-2>ASTM WX s43d 44 7+

ASTM(U.S.A) Method
Frost—susceptibility 8-h Heave rate,

classification Symbol mm/day

Negligible NFS <1
Very Low VL 1 to 2
Low L 2 to 4
Medium M 4 to 8
High H 8 to 16

Very high VH > 16

<& 3-4-3> JGS WWe| 4N #F V=

JGS(Japan) Method
Judgment Frost heave rate(mm/hr)
Low less than 0.1
Medium 01~0.3
High over 0.3

<} 3-4-4> TRRL ¥ 434 A4 71+
TRRL(U.K) Method
Judgment Frost heave ratio(%) Frost heave rate(mm/hr)
Negligible frost
susceptibility (NFS) less than 12 less than 0.375
Possibly frost
susceptibility (PFS) over 12 over 0.375

3. AWEZANE T R &

P ANESRE A
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| Thermocouple

Thermocouple
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N
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Capillarity

<Y 3-4-1> AW EAA

7]

=
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<39 3-4-2> AdlsAA LT A

7] 9 Fel AAE S2¥aRREH AS eHEY, 283 Wil

o
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my
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KeN
T

Ak <2y 3-4-2>

PN
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KPaw$]717] 4% Z4o] sty Av &% 200 kPa

<19 3-4-4> FAH AL = 4] (load cell)

TDR #We] 7]& Topp et al.(1980), Patterson and Smith(1980) & o] #|A]gt
A& A&t 8= TDR vl & 01 sto] Al E S3F dxpr] 9k
AgHe=45Y AA4d4Y. TDRe ©]-&3t aEY FA4T9 %—7@8
and Chudobiak(1975)°l 2J3] Ao 2 A<ty )\}\q. TDR AHl&= wWE HAds AF
b AR TIF =2 NES ASE v ks ddsts *éf—é—fﬂi 55}
ARZAAIZY E7)|EFAZ Bl x]= AHlolt}, o] TDR AH|&= o] ASE
AF oz Huo] ddid Aol AFARte S48 Aot
Patterson and Smith(1980)e] 2]} AEAZE> Hd Alo]e] Ajgol ol F
0350% Wh=thal AAISHA T & P oz Ee Agrt 257t HW o Al
C Fsta, Z2He AL 2 AADY Folth dE W, #HAMe 114
(S) 2, 25, 5 cmeola, 2= HZ(d) 0.3, 1 cm7} AFEEA|TE 9] AFRES S
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st om, AR 2% ASTMY TRRLYOIA 9 o] AdA 5z 4
AFAT<E 3-4-6>. L o|fF 25 A¥te] (A4 FA4uAYUSTS Aldste= solth
e gl M SRR SANZ weli 4¥rt FAHY BSsh AR Aol
Fejo] AA BAYel A Hrk o WAL Wes] st B Aol A
ook AR Aol AFAe] gt el HEE skl BES AR Aol
Aele Aos AT <39 346> AT dme] Azlelth ol AuEAA
de] 54L& <HE 3-4-6>3 2o
X 3-4-6> AU gEade] 54
Type of freezing One side temperature falling type
Direction of freezing Top—Bottom
Material of mold Acrylic
Size of specimen D=100mm, H=200mm
Condition of influent 0
pen system
water

M= AHE
SAIH HE — =zM=IH0)
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R e R R sl e Wals #
Z3ta, B= e WAAES g F
A5 A S G A = tuith S48 A5 A5 1
cm? +=%3}

& GM
ra OH
—r— SC
SM
—d— SP
«— SP(2)
—¢— SM(2)
2 4 % ML
—s— SP-SM

Temperature (°C)

Elapsed time (hour)
<39 3-4-8> EZFTFO wE AR Z4F 1 cme] 2293

Algm AE 1 ecme 2271 0C7F Ho] AAzA wet A7 W 25 -3C=
AAZE o]F o] Alm A Iem 9 HA2EE SM(Q2)E -22T, SMe -19T, SC=
-16TCE Yeskon SP-SM<& -1.0C, OHE -0.8T, GM2 -08T, SPQ)& -

6T, SP¥ -03C, ML -0.1C= Yy, GWe 49 -15CT7HA W= ZA v Al
rol Aol wEl A 2=7F ASssiel 02T A=A AA ST wpx ek = 0.
2CAHENA st 5, 28 A37] 2EoAME ASFFFEHAA Zo] 1 cm
o] X+ Almol wE Hol 21T & z} 1 Hol= AS & & Atk A¥ 4
3} 0074 mmAZ £33 AE B HE d&o] e AT SM(2), SM, SC9)
HAAZE=7 EE5s g Al 1}7”‘01 GM% H Al SM(2), SM, SCA &5 X
o HALE=7 B =4 vEtgen, 22 A4 AgolAs GWET 0.074 mm
;q]% Ejl].z‘sL A E tﬂ Z4E 61—0 Eko] o GM }\]g‘,q _,4 1 7} 1;4 urﬂ] ‘/]FE}

hgol Be ), Amel AALEA O Wede rw*swu} SPs} SP() AlmE
woldol A el Feke] GMI GW wrh o A7) wie] Ame HALEs}
GMuTH d 3 GWS %8 2432 Uehls o gyd. 2¢a OHs

- 180 -



o
S
W~
3

3

off
=
ol

o] 50%7} WA A" 0.002 mmoldtel HE

Hoh gol B4 AR Qldte] SM(2), SM,

Uelgton 53] ML Z-$+ 0.002 mmo]ste

AE fdo] 10% H=2A o2 2, A4d &2 0.08%14 2.0%7-4, OH
Keli¥e])

B o] WeomA £yel ul Askuol A

27 QRS wF e we

forlr
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O

ﬂC}L
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= GW
—s— GM
—&— OH
{ —=—SC
SM
1 +—SP
—+#*— SP(2)
—&— SM(2)
—— ML
—s— SP-SM

Frost penetration depth (cm)

Elapsed time (hour)

<a9 3-4-9> Ay FAAdw EASF e F4% 0

<Oy 3-4-9>% 7t AFA RS FAZolE YEH Ae=E SM2 9 cm, SCE 75
cm, OHE= 45 cm, GM< 4 cm, SP(2)= 3.7 cm, GW$¢} SP+= 25 cm, SM(2)+= 95
cm, MLE 2 cm, SP-SM-2 5 cm9] HlsZdZdolE Bt} o]= 7oA Al Algh
Alg AFEHeA Zlo] 1 ecm® HAZES vl Al Hj=8 S HEUNRITH Al
59 2x¢ FAZE 1HFAS W, AP AE FolA SM(2), SM, SM, SCA|

Aol =3 SP-SM, OH, GMA| 59| T4l T el SP, SP(2),

f=1Ke)

a

o ol &3t 3 L gurgel
5ol 4Ae QA gote] 2EolA FRF £R FFo| ASHW FAAFFE
A FAT olel @ FAEAL AR FRA Wl A B B 4B
B st BAull gFaA Hm ok 4 UPAHS BddE AR AS
At

<Y 3-4-10>8 Fo FROl hE FARFFL bl AozM, AEAZ 120
AIZE Ft 2 Alse] H F4 RS SM(2)7F 20.10 mm, SMe] 15.73 mm, SC



+ 1456 mm, OH+ 13.96 mm, GW+ 11.18 mm, SP-SM-2 9.77 mm, GM< 9.44

mm, SP+= 759 mm, SP(2)+ 748 mm, ML 3.61 mm= YERSh o 5333

ol A SM(2), SM, SCe] 4o+ A5 AHFEHAA o] 1 ecm YA A ] HA

=, e FAzlole Blsgk e UER A
=

fl

GWe 45+ A5 1 cm AA2ES w4zl B 7 5440 s
A7 E2EAFAE Esta A SR FANIAE FA 0l AR AA
71%E AB7F dEhg oy, AAREZHe] 12T -3TCT= updl o] Fo] AHd 574
Ao 235 mm=z UERY} AlE2uUle] 11557 wEA FAE0] dAFA 7k A

Fole $4AF 288 & F Atk

25 T T T T
—.—GW
—a—GM
-4 — O H
——5C
SM
{1 [—=—SP
—*— 5P2
—— SM(2)
#— ML
—#— SP-SM

Heave amount (mm)

Elapsed time (hour)

<2 3-4-10> ERAS RO wE 4R AE

AE7] o] AAZE Fo] -3CE nviyl o|% 9 HUs4AFFS HuEd,
SM< 1426 mm, SC+ 1201 mm, OHE 931 mm, GM< 430 mm, SP+ 1.33
mm, SP(2)+ 1.64 mm, SM(2)< 1949 mm, ML< 2.64 mm, SP-SM< 593 mm=
A 7] AR RAA Zol 1 emZbA o] HAREE Hole 2REWs 549 w4
ol ZAgkel At Ao v S HEAT

e OHOl BAZe] @ 4% 1 cm 229 49 SP-SM, GMe} 1 Zahde
PRFe o5 Arud d BA deRth oo GWe 3% FALE 2o
oy Fo FAWFFo Musde W SP, SPR)S o] Bl e el
& Atk

. £49] R 0E PEFE 54

<TY 3-4-11>E FY AR F U %, FR, F9 4R F e
GFe FPEY) AT LEFEY SAS Bl ol ol7]M REFEE AF
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71

Dry out zone

(SM) Ice lens 6.1 mm (SM2) Ice lense 3.7 mm
(a) Frost-susceptible soils

(ML) Non-freezing soil (SP-SM) Non-freezing soil
(b) Non frost-susceptible soil

<Y 3-4-13>FZAA 59| ofoldll = FA
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A : Gravelly Sand, SW

1 B: clayey Gravel, GW-GC

C: Gravel, GMI-GC

D Lean Clay, CL
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<E 3-6-1> 7 AW pad Aue Beld 54
Sectionsl,2 | Section3 | Sectionsl,2 | Section3 Sectionl | Section2 Section3
-1Layer -1Layer | -2Layer -2Layer -3Layer | -3Layer -3Layer
i
Specific 262 273 263 266 267 263 266
gravity (Gs)
074
0.074mm 11.7 589 19 23 19.6 19 22.7
passing (%)
max 19.6 14.0 18.8 195 189 18.8 17.8
(kKN/m®)
wopt(%) 105 27.4 115 105 12.4 115 16.5
Uniformity
coefficient 44.29 32.61 3.05 9.25 34.67 3.05 10.0
(Cu)
Coefficient
of gradation 2.30 1.68 1.69 0.61 4.63 1.69 1.23
(Ce)
USCS SP-SW ML SP SP(2) SM SP SC
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<19 3-6-5> ExX 0 g 9 AL AE A o)t} (a) AE 3
= gE HyolAEY dAAS JIE 10 cm AZE 10 cmE © A HS .
g71¢8 FAE 65kg olH BHR7IY BA SIS E 2,6703]/minelth B 719 @Y
FTANUA = 8bkgo = vlo] FH3 Exo SRt ASV] F99 vy 2
Aol th 719 FAE 69%kgol™ o] A7]E 516 mm x 375 mme|th. 95HzS]
AEdraE g8 1130 kef2 &S AEs AYE Fdsgo] 3t oH
HE w2 @5 vt "33 s AR P& ow FE AN AV])E

O~
r_ﬁ[‘
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Aste] = x| AAUE AF KS F2311 AL sl A9 AlgFo JHES
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LEAF7] AMAEZS THAARE 161 744 F 15709 2E=SAHAAME 10 cm

Mo -187C~371C WA 4] 7hedt Ter 57 3

(b) CS616 3=l (b) CS616 A=

<Y 3-6-9>FAAWL FRY REFE Z47)

<9 3-6-9>% vl= AWALY] CS616 TDR $<r#EAlel A4S HolFa gt
agel - yeld R o] CS616 TDR A= 3] 27| (circuit board)d}
of = F e ZHJUA F A EE(rod)E T E Stk 3]
2719 1% HAA7] FALAES AU tdxzaEzlv| 2 sjdy o] v thx
823 E 9 (wave guide) 2 & o] 8 EHE Zro A5 o] gt} =
=5 gt FFo)= Az olFAZ (travel time)> 2= FHE 8 Al Ue
A= o] & (dielectric constant)oll %™, FHd&& A5 Fv|d F9-H)
CS616 TDR $t-#A1 o] &85 +0.7 voltse] HZ<l AALz+d v} (square wave)
2 sty FH3S F7)(period) 2 U o =dH, thr]|FolA F7]1g 15x10-3 sec,
oA F713k2 41x10-3 secE e} o]e} o] zjolE o] &5ty FU|gky g
FHe] AEA #ANES FHIA HW, ol Fd F dnE FASA Hrh
CS616 TDREFZFALl  wiywdolA=  dubad Feo B AWA A (calibration
equation)S A|¢tslar AT AA G| HEA WE=A] HAAE (calibration
test) S FAEE Astar Utk o= CS616 TDR F-HA7E A5H 54 9
af AA FEFE 7] wFolth CS6169 A FE =
VWCel gt VWCE AH&3tal = 25%7]1Fe] 4
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=4 99 0%e] 50%
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o st
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(b) TRIME-T3 Probe A Z=#<]

<100 -80 -60 -40 20 0

20 40 60 80 100
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(c) F55% =4 wd (d) F552 4 99
<9 3-6-10>F AA ] Zolo mE Rerid 47
<a19¥ 3-6-10>2 st4==A] TRIME-T3 Probeo]t}. (time domain reflectometry

TDR)FF#F AN =S 2] T/ ES FEdEs gy oz ZH43t= 7
S7lelvh. 54 wide] BA, F71E8E, shdSAddl o8 dF A da A
T e Alzgelt Fgol hEsta, 102 olul FREHS FAHIL AFVE
dFvEeFP R Hol QoA iAol Frh

thFer 4 (configuration)®] ®3 & (probe)s °]&ste] FEFFS AT 5 9l
ok T3 H3Ee Edel 7] wjds 7be #e o] &allA o] 2 m7hxe] S
S FUERE AT F don, WE 0%~60% olth. webA T3 &3 8-S o] &3}
of 54 ol Fudds 4/ 4L + 3
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Class

Ductile cast iron pipe

Stainless steel pipe

Korea standard

KS D 4317

KS D 3576

Characteristics  of

pipe

This type of pipe is a direct

development of earlier cast
iron pipe, which it has
superseded

This type of pipe outstanding

corrosion resistance, fire
resistance, heat resistance, and

wear resistance.

Water Supply Pipe

MECHANICAL

Property

Rigid pipe

Rigid pipe

Material of pipe

The standard internal lining
is cement mortar and standard
external include
bonded

water—based paint

coatings

zinc, asphalt or

Other types of stainless steel
often possess additives (such
as nickel or molybdenum)
which strengthen traits that
particular

are desirable in

applications

Constituent of pipe

Typically, the pipe is
manufactured using centrifugal
casting in metal or resin lined

molds

Stainless steel is a versatile
material comprised of a steel
alloy and a small percentage
of chromium the addition of
chromium adds to the
material’s corrosion resistance,
a trait that earned stainless

steel its name.

Unit weight (kKN/m’) 72.5 0.08
Water pressure(kPa) 0.25~0.75 0.25
Tensile strength
42 52
(kPa)
Compression
30~60 30~50
strength (kPa)
Elongation
7 25

percentage (%)

Coefficient of

expansion

(mm/m<C)

1.02X10-5(100%)

1.73X10-5(170%)
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A E xF SRR FFANE F
3N AA 1570, s S XAA 107, 245 SE4A4 870, 7= 44 171)
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Earth pressure (kPa)
Temperature (TC) Section-1 Section-2 Section-3
IEZ(S; Marston Pl‘;gzt Marston Pl‘éz(sjt Marston
5 8.665 7.82 9.234 7.82 8.214 6.74
0 11.893 7.82 11.425 7.82 7.695 6.74
-5 15.304 7.82 17.570 7.82 13.072 6.74
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Frozen LTI Model
y(®) Soil |~ Warmest Ice Lens
4
Freezing Front
/F _ |
d) Frqzen !
v v | Fringe | Frost Front T 0 OU f W, X K
ntrozen i .
TemperatLU\?aterContent Permeability ~ Suction
UnFrozen
Soil t Water Flux

vy
<9 3-6-53>A2H T4 EYe 54
o* , 0’1, T | [o°T, &*T 0°T, o1, — oT,
, T—=1o |t >t ——t+t—=|tq¢=C, +C— (3-6-13)
ox oY oz o Yy oz ot ot
H &4 A Qo= Fesrito]l vd S48t o= 0T 2=5 Yel= #2439
AAst WA HEE AYs) Ak oy SERT 4 9 SHFL A
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___[8*T,, 8°T,, 0T, | — (0T, 0T, aT, W, d
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<E 3-6-11>FA 8] AFL=E A uk

PN
A4

. Weathering Ductile cast Stainless
Soil Sand . . . .
soil iron pipe steel pipe
Unit weight
19.6 15.6 19.3 725 0.08
(KN/m’)
Modulus of
elasticity 30,000 49,000 35,400 16,170,000 147,200,000
E(kPa)
Poisson’s
) 0.34 0.3 0.33 0.28 0.28
ration
Coeffcient of
] 0.00000273 | 0.00000176 0.00000325 0.00001 0.000018
expansion
Cohesion
25 1,050 1,200 - -
(kPa)
Angle of
Lo 14 20 33 - _
friction (°)
Thermal
conductivity 1.907 1.610 1.577 115 120
(W/mT)
Specific heat
1.17 0.879 0.643 0.473 0.643

(J-g/N/T)
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NODAL ELEMENT MSC
0,000 Tz 192464 365 284908 Termperetire: Nore

| - +382113e+001
[ —— %

| 4%

——+2.70407e400]

| B,
—+2.331T1e+001

8.y

| +1.95036e+001

[25%

<21 3653e+001
!
[UNTI N . m
[ DATA] Heat traniGeneral Heat Transfer) . STAGE | STEP 2(1) . Temperatwre . [ Qutput CSys | Global Coys
<39 3-6-55>2H ]l = vl A wke] 204)7hF- A ko] st
NODAL ELEMENT MISC,

0,000 232 142,454 213698 264,928 Tempersture , None
42 4963804001

+2 3245264001

+1.808330+001
08%

+1 B3707e+001
08%

+1 4652084001

5%
~+1 293342+001
%

%
47 775264000

1%

- +6 05880e+000

5%

+4.340250+000
12%

426216204000
06%
T 00201001

[UMITT N . m
[ DATA ] Heattran(General Heat Transfer) . STAGE 1 STEP  3(24) . Temperature . [ Output C3ys 1 Global CSys

<Y 3-6-56>2H Q1 2 vhA Al 40N AT Aure] ews)

- 258 -



NODAL ELEMENT MISC.
0,000 T.232 182,489 213,696 284,928 Temperature , None
| o +2.0061 Tes0]
6%,

-

+7.09973e+000
%
45073904000
08%
= 41.9149524000
L 8774390001
%
| -326983+000

I T T
g ¥

08%
08%

0%
11047084001

%
13639484001

T

[UNITI N . m
[DATA 1 Heat tran{General Heat Transfer) . STAGE | STEP 4(d8) . Temperature . [ Output CSys ] Global CSys

<18 3-6-57>2~H A A7 uld X uke] 1004] 7F

o
N
rE
o
rfo
H
e
o

NODAL ELEVENT MiSC
Temperature., None

41 89714es00]
‘ !ssw

0,000 71252 182,464 713,696 234,928

| +1.72838e00)
3%

g ¥ 4536204001
- +1.19087e+00)

- +3.22109e+000
0%
. 465335184000
15%

+3.845348+000
41 1583884000
~-1.52621 4000
05%
A 42167924000
NES

L 8

0%
a

08%
o -1.22795:+001
7%

| 1.4967 164001
-1.76547e+001
" 20342284001

2302882+001

[UNITT N . m
[ DATA] Heattran{General Heat Transfery . STAGE | STEP 6(73) , Temperature . [ Output CSys ] Global CSys
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NODAL ELEMENT MISC
Tempersture., hone
—+41596e+001

+371733e400]
05%
+331870e+001

0,000 .23 142,454 213,69 264,928

|
f e | e |

1
+2.122808+001
53.4%
+1 724174001
23%

——+] 32554e+001
6%

+9 26306e+000

[UNITT N . m
[ DATA] Heat franiGeneral Heat Transfer) . STAGE | STEP  2(1) . Temperature . [ Output C8ys ] Global Ciys

<9 3-6-66>TFEF FAR w4 Auke] 20475 Ayre] LEws

NODAL ELEMENT MISC

0,000 72872 145743 218,615 291,487 Temperature , None
" | +28263Ge+00
+2.57201 84001
16%
+2.31768e+001

+1 554628+001
+1 300282+001

e
- +1.04583+001
05%

1
1.0%

L & i
| 9.88843=+000

00%
-1.24319e+001

{tm
[UNITI N . m
[DATA] Heat tran{General Heat Transfer) . STAGE | STEP  3(24) . Temperature . [ Qutput CSys 1 Global C5ys

<39 3-6-67>HE FAH ol A kel 0475 Auke] LW
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=N NODAL ELEMENT MISC
0,000 72872 145743 218,615 291,487 Temperature , None
. +230362e+001

. 2022806400
H 7415724001

e s

T +8.364858+000
L5%

5 161747024000
43 36445e+000
- +5:54187e-001

©5.086312+000.
4%
7 B7RSER+000

3%
-1.068688+001

-2.192782+001

[UNITI N . m
[ DATA] Heat traniGeneral Heat Transfer) . STAGE | STEP  4(48) . Temperature . [ Output C3ys 1 Global CSys

<Y 3-6-68>TEHY FATA Aure] 100417 Aure] 2EwE

NODAL ELEMENT MISC
Tempersture., None
__+1.38800e+001

7 5%
U TE Tles 0]
321

0,000 J2.872 145,743 218,615 291,487
|

f

+8.0BS5G8+000
o *5TIT 4000

—+3.33954e+000
%

_+3.76865-001
1.5%

-1.79260+001

[UNITT N . m
[ DATA] Heat franiGeneral Heat Transfer) . STAGE | STEP 8(120) . Temperature . [ Output CSys] Global C8ys
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4. N AFAY FEELEA
7} &g PET 27+ Az 9y
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D
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<% 3-7-3>HZFsE ¥ 54
34 54 Ae Ay
2k grd], (%) 16.47
HlZ, Gy 2.66
A2 (> #4) 0.81
B2 (#4~#200) 53.34
A E (#200~0.002) 33.72
HE( < 0.002) 12.13
s A%, C, 10.0
& A4, C, 1.23
A A, LL(%) NP
AA A 4= PI NP
HANAZDATHE, Ygmax (/m3) 1.67
HA FFH, w,,, (%) 14.7
B34, k (em/sec) 2.0 x 10 ©
No. 200#] &3} (%) 22.7
FUEFHA o 7 (USCS) SC

s} FstEd A& PET =AE TH9=E 42 0%, 2%, 4%, 6%, 8%, 10%,
20%, 30%, 40%7F H =5 Egste] B8 AEE gotstr] f3 AuAP S g
THTH KS Fell HAlE ZEAIEHHA gAst Jeidx 2 o AlFES AA
sl &89 Alge AuRyE AL <8 3-7-16>3 7t}
100 rerwr—wrpr—— 1 T
J! _.:.\H —m— Soil
LN e soil+PETball 2%
w0 L RN 4 soil+PETball4% | |
W v soil+PETball 6%
NN «— soil+PETball 8%
NS »  soil+PEThall 10%
~ 6o L\ R —&— soil+PETball 20%/]
EE:; 't ‘»._‘\ +— soil+PETball 30%
2 % \m | e soil+PETball 40%
@ 40 | *w k 1
m L1
fall "._...'.
20 .'.
0 L :
10 1 01 0.01
Grain size (mm)
<I¥ 3-7-16> A&-& PET EFES] = &4
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EotEo 3t HAAES Fy3 A= <F 3-7-4>9 <19 3-7-17>°] e
% 41@17414H%%‘ﬁ%k01 Z718kA

7}VelE AL v Fo] Z A g8 PETEAE ‘LQ ]
3t S A& PET =A19 Z7lgoz 2lslo] ;Péﬂlﬂ 7y 23kt

[—a— =ail
1 1~ soi+PEThall 2%
185 - 7|~ s0il+PETEaI 4%
1 4| —w— soi+PE Thall 6%
180 - | —4— snil+PEThall B%
] | b s0l+PETRaI 10%
o 175 4 _I+$D|I+F'ETI:'3II 20%
E |~ soi+PEThall 30%
2 ] @ sol+PETEal 40%
= 1.70 o -
=
2 165- J
§ 150 1
iy |
0 155 = =
1.50 - -
1.45 : : . ; . ; : i .
0 ] 10 15 20 25
Water content (%)
<9 3-7-17> A&E PET FA EFEQ thgl =14
<E 3-7-4> &L PET 24 =FE tp@AAdE A3}
38 (%) HA g (%) HANAx=F 5% (t/m3)
0 14.457 1.672
2 14.934 1.708
4 14.801 1.729
6 14.866 1.757
8 13.946 1.769
10 12.635 1.786
20 11.487 1.809
30 10.436 1.837
40 10.106 1.853
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Elapsed time (Hour)

<19y 3-7-20> A& PET



SEEE (mm) TR ZAH] (%)

Soil Soil+PETball Soil+PEThall Soil+PEThall Soil+PEThall Soil+PEThall Secil+PEThall Soil+PETball Soil+PEThall
2% 4% 6% 8% 10% 20% 30% 40%

<™ 3-7-21> ALE PET A £ E] HBFAF 7144

<3 3-7-T>ALE PET A £FE A 74|
42§ PETS &1 (%) B4 (mm) BEF A (%)

Soil 34.6 0.0
Soil+PETball 2% 26.6 23.1
Soil+PETball 4% 23.93 30.8
Soil+PETball 6% 18.16 47.5
Soil+PETball 8% 149 56.9
Soil+PETball 10% 11.5 66.8
Soil+PETball 20% 7.83 774
Soil+PEThall 30% 7.06 79.6
Soil+PETball 40% 5.1 85.3

A4, BT E] 4 EFtety] A B ] 346 mmE =4 YEA

T EFHITE 2%, 4%, 6%, 8%, 10%, 20%, 30%, 40%E EFEFHAS W 2% A5

23.1% #2HAINE 6%9] - 475% #F2sksvh A sEs TRRL 7+ &

Fow BFHAN 4% T 20% A&E& PET HH% g A5 BEF gt
= AE <a" 3-7-21>% Fste] 29l & £ olvh

T

A Aol widdel AAl Ase sty A3 Wdow A RILAS
AAedn Add AP did YA FHFHAAT. o9k 22 §2 =
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i

< 3-7-24>9] ()= RIS NG dad dHdEE Ader] A& BEx
of g shio GAAR 5 em LB EES AASA, G A F v
AE A Sg2E HES AAEgv <9 3-7-24>¢ (b= IE dAH o7
= 72 10 cm Al210 cm®= @ B4 ds FARsdvh gA 719 g4 sle= 2670

3] /mino|t}. A 79 tel =
o AF7] w919 el &
A% KS F 2311 243& 3k

o N
o,
oo

(a) SE24
<3 3-7-24> Ex 9d U A9 ¥ 9



<Y 3-7-25>2 Ex9 A3 E FAA fAsH AwtsAd & X859 W
5 A7) Aste] AASA vEE ol Asgrt fFAdFH R FHEY
o] ¥ A% /N¥dE(open frost heave)d HS AAEqATh Ao Wats
T o2 AFste] ARkl As A Haste] A3t A4S At
Fol 2 mme &5 w

st dE g

Qo] 45 WA

LSt wE A

§]”€ 49 &
2 —‘T=77ﬂ 3 mm7} o] 4
T 7+ Asretla ADPQO} ArE3EE T PVCHtol2 o]l 42 (9 25 mm PVC

132 4dol+= 90 cm ©|t}.
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<Y 3-7-26> AT &% Al Al=d"
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<2y 3-7-27>% Trime FM-version P3MRo|t}. &% &gtz =
70% ©]l™ Probe Aol 160 mm, A°l& ZAol= 25 melth. TDR H] ¢ 7]&2
Topp et al.(1980), Patterson and Smith(1980) %] A|A|g Y= &3t Ac}.
A= TDR AR & ol &3sto] thamAlE &3 dx7|9e daHe2 Ry 24
Hrt

TDR< ©l&3sto &

ol

T
2o
rlr

§ TRIMEFM _

£ TRIMEEM "

S TRIMESRM

<Y 3-7-27> Trime FM-version PSMR

A gl AFe WIS A=A <28 3-7-28>9 (a)v= SAIAEF =4S 9
3 LVDTE A3 A 8o+ A4 10 cmd ofza= o2 (linear variable
differential transformers: LVDT) S4 %S w50 A5 o 2ol H3sk 3
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= sle R AR WFHFY SES =
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o7 #H=3h

- 296 -



B3

-
3t

(a) A

=
=

<9 3-7-28> LVDT

80 cm 1% 31794 <}

D50=

1]

)

stje] Bo g H79)

23

S

H]

Ea

-29>

=7

3

<

"0

-

8> 2E Qe o]

3-7

<3

KS D 3576

i

N

)

7

- 297 -



—

.y
0 W %0 o T
) 2 < L@ TR
q_mo Of le o M ﬁl
= A K ome N E &
i K B = )
% TEE T
M~ T oo ™ T
T X o?_ AN
4 | Mo ™ o o g ™
B R n oo KPS o
e | =
o o W 1 %0 O#E E.E ,7 -
TR W i v x = N
M2 R g T
ﬂ o wa ‘Ul \/.xnw ,UI ﬂ _z#_v :.L 1 ;i
R » | § S| s =LV
| e | N 18 ||z ) L.
Tl Yo 4 b= i© A Y —~ = T W
+ o= 0 (] o 0 | WUH‘._ X ﬂ
| T | Sl 8|18 =~ & N
ok 7o Lo S N — H_W o _z__.
| e o < = M _—
oo 5l raeMEl
o g PF — = T Zo 0 Mw "
. AT o_a = H.E ﬂArO X0 T
= o _Il_ =
w2 ~ Al o =
o 2 ) - e °
50 o B X o 5 AR
PN —~ TN TR N
= FETERT
ak o oF O#E X _ X
1 Y qﬂr ﬂ ) 2o H
o .X_l | o
,M M MrT T % N
o x° i
Sluzluz| eS| G = e
= | R | 8|5 5| 2 SlEsl o %o o X
%M T N No X e o G| N To| P 0 & ur W i o o =
= B e | T Mgy i 2p | < o LI~
® T |® ~| B /N m = = B
~ BB = 0 |/ T o o
| 0 _— [ fﬂ o
% q AJm a m
o o o} o = & W e
o &M~ i T o { <
¥ W e T
s A B ° oy
0 NEE

- 298 -



() =EANANA 2 (@) =EAAA A 252
<9 3-7-30> AFEd ~EHAA A Ay L B

=

T A= A 7S deolH EAR FAEH. A et 2RAME 27
Aol 2xet FqFHlE SAHIA H=d, old TFHet 2EE ofdRIaATRE A
= Hu, HolHEAE olFRI4T FH AS A34E "AY AsE At
AstSe ), T3 gxY Asz AstE AZAYES %9l 81| (volumetric
moisture content: VMC)® A4betar, diFwreel] &4 Azld A34E A%stes
qeg oA Hrh & AFelA FgFAA et 2k AARFEH AS HelHE 35t
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A FA = ALE H=as HdFHE A A4S 28Folth CR1000 dle]

ZEJoE 2AY Z2afdor Ad wA dAA
Ad= Aol CR10007F
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EAY 22 S HERE 2o
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i- LoggerMet 3.3.1
_H}%(E) ___E-_rl(i) _SE(Z) E_SM)

E2.d = B . e : D
EZSetup Setup Connect Statug T-Shooter Tasks Short Cut | CRBasic Split ien RTMC Pro| RTMC Dew| PBGraph

¥ CB10¥ Numeric Display 1

[TimeStarmp | 111715 I I
Tair 1 @1 | I i
RH R i
Sola_wmz | 0.00] i |
Sola bd) 0.00] | I
winGpd [ oo | | |
WAinDir 0.00] | _ |
Fiain_mm 1 -IMF| T |
|Rain TOT -IMF| 1 I
Fmb ANF | |
Tea N i
| l !
I
| I
| i
Ipdate |nterval: l 00 m 01 = 000 ms ﬁ
Add... ‘ Delete J Optionz... J ? Help ‘
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ool M G FaUAE 9% Vs d&e st al ARy w9
BA wd = vjastglvh el A 2AE BEYE ey waE A
e A 8 Aokl BEE dAstaxt skl

o] FFxAE 98 AER 2AF AR F vE, AU, FES 24 ARE
<E 6-1-1>3 2o Aok, FxE, AR 5 demad Aol sl g
b Zopell thal]l oAl 2AbE A sl

E6-1-1> w8 AFed w3 #-d 71F List @ 9=, vl 9

o) A+ PAR=Rs uke) 7] 2, A=}
AWWA (American Wgter .Works Association) n= AWWA
Specifications
A . ) C 7R}t
& orT Water Pipeline Design Guidelines Saskatchewan 5
Buried Pipe Design 2nd Ed. AP Moser
ASCE 32-01 Design and Construction of ASCE
Frost-Protected Shallow Foundation
Minnesota State Building Code "] = Minnesota <
T35 - -
AASHTO LRFP B'rldge Design AASIHTO
Specification
Eurocode 7 Geotechnical Design Part 1: EU
General Rules (EU)
2R A5 ISSMFE ISSMFE
Conference

1. A= #=2 44

we) BH@d JEe @987

Association) 2] g

93kl

vl AWWA(American Water Works
AlHEA ZF 163705 ZAFSEIITE. AWWARIA 33 BE AJHA =

AR BE AAe A 2 A%a BEd AuAwn AF O 42 AF 9 A
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o] sAzZlolo] #AHAT FAHS FHE T gl

Myt FH-o gt AF2=A A Y (Saskachewan) ¢ % A7 AlHA (Water
Pipeline Design Guidelines)ol| A+ 13% Depth of Coverol A A% g

sfof & AwtEAEAS vl AAeHA vhFal glom, el W8S <iE 6-1-2>

of ettt

<3 6-1-2> 7lv}t} Water Pipeline Design Guidelines®] A% H3## 7| &

1
frt

Water pipeline?} Service connection & = FA= HLE
Z|qre]  FAZlo]  o]ifo] Hojop g (el 9]:  shallow-bury
winter—drained systems).

A AP=AXD Fo A FH ES FA= Aol uet
27 =l

2.5 m: Swift Current, Moose Jaw, Regina and Weybern

2.7 m: Saskatoon, Biggar, Humboldt and Yorkton

13. Depth 3.0 m: Prince Albert and Nipawin

of Cover | Lot o1l dlAd &, AA dEzol= Aute] Fdziols A
AeAY FASE A=l Az AldlEs Fasia AA s oFsh
=3
TAZol= Fo 57, 4], snow cover, snow pack, &ZAXA
PN
ol

w2} AA Y, depth of cover: wet areas®} sandier soils
S 7Fett}, o] &4l FAZ o] Aikel o3 HAARTE A
HoR $9HI = FASE FREY A-E FHast= Aol vt

A At AzAR D] FEEH Y
govl, Ax Fred Wy A 4
Y Aol A3 B3 FAE A4
dEEER RG]
mo] sho]=ehal
AEE AESte] 4AF BANE
A se] Aol el A

gl AEE stRer, AWW

oo

=
ox
2
>
2
rO
o]
c
3.
19)
o
-
o}
@
)
9]
2.
Q
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>
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=
o
w
@
=
)
S
S
x©
)

yg&o] gl Aoz EHAY. 5 g T AT Al st o
3% T S 23t (frost loading)ol wWgh Aol 7reFshAl A7fEa o, wjAdd
AA A A ko] FAEAS Felsle] mjdZolE AAHIEE Ak 3 5A
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Hd skFo] dHtk skxe 2¥7MA] F7HE 7 des HY
= 1

E5 9 A% PEE APAd: 4FE #Ed ug MFe AEA ot ¢
e 7z 5 QN Tzl sl A FASAL o€l mst=Ael mE Wy
2ol T FEEo] gon ot wWA® EES BAAEN Awo] o] WEE

245 S,

ASCE 7](32-01 Design and Construction of Frost-Protected Shallow
Foundation)oﬂ/ﬂb T HAE Y5 & T xe] A WetES AAEHA 71E8s)
e, 5T 7 AAE |IAT<E 6-1-3>.

3 6-1-3> Minnesota State Building Code

1303.1600 FOOTING HAa7xZol: EZXAT s&g AdAYA} gl B, HAA
DEPTH FOR FROST | & &7|%%ol= Zone [ 5 ft, Zone IIx= 35 fto]th (il
PROTECTION Zone I°] © HZol Sl5)

HA7 2, w7z 2 g2 9 7| xE HEA ok 37kA T g
o] o R FA WA 7F Hojok

1. H 271 %7 o]7} 1303.1600<% wHE3of sk}

2. ASCE 325 u &t}

3. guk7A] 9

1305.1805. FOOTINS
AND FOUNDATIONS

AASHTO(American Association of State Highway and Transportation Officials)
7]l &2 7I27F sAze] otddll fAEoF S AL o, Az
of AAES S = AGHEE AANE Ho w242l FEX(Contour Map)& =
sties  star vk wdf, wzh, wAY A s AW FHol FAHd(frost
susceptible)S  3elsle] FAZIo] olgfE AHAEZ FAY ¥ EAA (nonfrost
A& 6-1

susceptible) o & *|3+at AL A AL JATHKE ~4>F %),

<3t 6-1-4> AASHTO 7]

SECTION 10: 71% | €& 7%+ wt=A] 527 o] ofgo] 9x|dtojoF &4, F 27 o]
(FOUNDATIONS) | & A934 #tze LAk st

WA S x|ule] ZAto] dRAl )3l Zol Ao
SECTION 11: it} A M- Awko] B e ] Y 715 3H(frost susceptible 35

MEASREEY Aol Ha izel= sEZH O]}\Lo] wojof ghef. 2 Al <
Ay, HA o] HH oo o] wIAl sli=glx] oro A
(ARUTMENTS, e 5 | BA 7heetA 282 E(nonfrost susceptible) = X
PIERS. and afjof gt
, an A7vet Aol s AS wzh 7|2 wEA] 30 ft (90 cm)9)
WALLS) e Fe 2Ael fAsor Fth

- 347 -



Fzsklon, Al
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712 Eurocode

GW,GP, GW-GM, GP-GW
SW, SP, SW-5M, SP-SM

SW, SP

0~3
1.5~3 |GW, GP

3~10 |SW, SP

3~6

0~15 |GW, GP
3~6
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Crushed stone, rock

Crushed stone, rock
(b)Sands

(b)Sands
Gravelly soils

Sandy soils

(a)Gravels
(a)Gravels
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99 Gravelly soils 6~10 |GW, GW-GM, GP-GW
(a)Gravelly soils 10~20 |GW, GW-GM, GP-GM
F1 (b)sands 6~15 |SM, SW-SM, SP-SM
(a)Gravelly soils > 20 |GW, GC
(b)Sands, except very fine > 15 |SM. SC
F2  [silty sands
(c)Clays. PI>12 - CL, CH
(a)All silts - ML, MH
F3
(b)Very fine silty sands > 15 |SM
(c)Clays, PI>12 - CL, CL-ML
CL, CL-MLCL and ML; CL, ML
F4 ’ ’ ’ 9
gglayrzme . and other 1.4 SM; CL, CH and ML CL)
& CH, ML and SM
¥ ONFS ¥ 5 &
PFS : o] WA b5 d S5 BAS 9% Auad Be)
S1: AlgE g0 3~6%2 A2d &
S2 @ ARE o] 3~6%20 EHE
F1 : Alg o] 6~10%< A24d 5
F2 @ A& shsFo] 10~20%<] =24 SH(HEZ A 9)
F3 : 2249 o] 0.02 mmkEt 7= JAE 20 %olst 7FA 3 AW 2
A% ol g 15%01 8k, 24447k 129%°] 5
F4 @ 947 0] 0.02 mmelste] g 15% o, &dA 771 12% o] %
4. 79 2@ T FHE V) A EE
F99) FrER] FRPAT A% 1E AR 2AE 5] dvY NFEL =
Ast o, QB FEFH A WHe FEAAAL W Q¥ AFEG o)A B3
FSFEAAAAS AESG oM, “BRAY thAH) - AP Mu] M 2=
AEs A
<E 6-1-7> 79 A= 53 I 7)E List - g2
o) 4 PAR=AE w7, A =¢
TEAA A A g3
W
shrE A 43 Q¥ H5EY
TEE | ERAY A - B9 e 47 83 FRAYH
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‘FRAAARTY ‘st AAAFTE B oajd el diEfjr] sZA o] o]stE
Al AL 7lEow aa glow, 1 g e ww A JA %3 vk
“EEAY THA(THA) - A AR AA a¥7 A e SEAY A 9E 71 diolHE Vs
o2 HA7)&0] 10T olakel @A A'A 3 HAH7)e0] 5T ola]l "FHAA B’ A
& yetel AR AN A J1ES vhEstn glon), BATN PAE A A5
Aolg §2440] olatz 2A4aeD a3t
A 7)o AS ANk s o AT wjAdES] FHE WAS] YA F=
sAZol olstel MAHFEE J1EE AAGE Qon, Adsa A 2l 2
Hol d5S 98 B2 A9 o 7|k doly 3 AYS s ko
AA oA AT wdE AAE 8] s4Z0lE 44T 4 AqE= Aed
“TAXFZ ] FEEY Z7|7ke] dHeoly F£3& B3 dojxl AF A dgrte
TAZol AN e Fgaw sk o] dom FEF dHolE Y& wFgew A
He 53ty 52445 HolHE AXNTFoEN FAZo] AAd g A=AES =0
i Azl ofge] widE FERE digt 3 o gig tHAHS FrEta 9l
H<E 6-1-8> #x)
<E 6-1-8>F5AY 1038 &5 s4XF 9%
oLe =2] 3 U7
i 2| BERER | Enm | % | REiE | &S () % | FEEBR|ESw | f | FEER | S W)
X 79 148 » R 78 40 B 119 70l ® & 53 43
D 148 ailz:z ® 66 66 P S 255 153 % & 173 170
EER| 147 6| 5L @i 155 30 - B 194 120 1 # 143 206
5 B 99 30| 82 A 165 40 WA 234| 290|R ® 261 327
BEHIR| 105 158 +~ ®| 805 920 A 91 25| % @& 194 140
W oA 106 20] = R 127 39 "7 E 273 310w A 64 4
2 H 165 3l+#am@m| 152 42 mop| 292] 420 % @ 222 250
HARNE| 118 9l A & 104 27 B 5 302| 390| & ® 209 273
B % 113 4|m M| 218 145 2 f® 110 71% & 23 15
£ 129 43| & B 138 408 & R 114 112 & W 153 100
Ny PRl 154 85| = & 100 38 hF 101 10 5T % 146 42
& Il 634| 680K M iE 24 37
FH 224 208| — m™ 72 32
B 3 154 115 F E 91 77
SHEE ofo}71EFE
o B | EREEH | EEW | 2| EEEEE | Es W | EEEH B | & | FREN | R
# H 77 - sRlA 119 55 £ 548 192 o0l & @ FE 100
B A 52 6] A | | 136 56 2 W | 164 170 &2 R | 113] 133
A B 186 59|k E F 92 20 5 I _ = 65 140
%E.‘%m 45 126 x 143 30 P 152 212013 & T 330
= B 192| 236|® & # 94 117 = =5 3651 & & 127 350
AMEE| 452 620 & F 133 59 - 5 T
s B 69 20| = B 60 72 BER| 11
x B 69 -3 & R 142 96
B 78 6|lED®| 192 320
f Z & 192 120 N\ # 49 31
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o oFAl | § S Aot
| REEH | Es | & | REEH g3 H 2| FEEN e B £ | FEEH FE ()
W 230 525l 7 % 47 43 ® E 66 2501 m 3l 90 460
wiu@ 82 62| % W | 144 26|/ | BB | 286 83915 B | 133]| 377
®u| 77| aslaw| el vos) AR
‘ oLy
*:m o AR = L B 8| 6581210 @ # | 213] 540
AN 62] 38JN W | 116] 200} g [ 127 as52|0m#m| 160 433
X & 94 5518 & 42 86 BEMK| 221 5211 B & 243 570
EEB 55 3 2 | 100 324| 8 & 38| 354
B M 75| 212 ® 73] 290

g Aol A = Ao} T AWEA(SNip)oll Al B &

WE AN glow, 53 FEA A E rEEe

AlstAl 8 = o] ATh

Snip 2.04.12.86 Steel pipeline strength calculation® A= 3o 2H8-3t= 359l

a Ztefs] Aoje] Folom, stFol digh gk U8 SNip 2.01.07-8% %=
== 3}tk SNip 2.01.07-850 = wjAd 3o 283+ Ice load®} thermal loadell o

st Ay AA HS AlAISEL 91oW, SNip 2.01.07-858] 4% oA = stsol o
A& Al4(load-bearing capacity), 212 A= (reliability) 55 ©]-&3lo] vjAd 3t 3

HZl0lE AASE WS AA s 9T}

—r—f_:‘:1

S

s

5|
pud

A

SNipell A= &2 zl0] ’}Pﬁ% A WWE AAStL d=d, AFA]E, A Hol
0E BAAS, & SAd wE BRAAs & Fastel 5F AAde AAH F
Azlole E=Fst=Es Hol slow, #wo| mid Zol& ZAs] fd FdzolE &
g3t7] Rope wjAd e ZEshe stexRde] wA wAd HolE AARIEF dhe
AR S AAlska At

dl2}t}, Cohem & Fielding, Argue & Denyes 58 HZAA % A4S 98] # 133

2ol AAAS AAXEAL. olE AL YRE AL, 524X F(C - day)9
HAubo] mlgsls 7484 dee z=CVFZ ygdlon <Z 6-2-1>04 A=
A5E ERE 200 wE A Cas AA A
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FAAN LA 2 TAANE FAASFC) H] 31
2.94 =4 A9
HEe A 40 F>300 e

37 300<F<100 s K

Argue & Denyes 2] 4.3 AADTHA] e A4S
74 Aol i Ao

Cohen & Fielding 2
4.6 30cm wo] '3l A

Argue & Danyes 2
9ketgith. <L ¥el Cohen & Fielding® &4 8j& w2 23 pipe lines 43
7] 915 AAZelE ARy Astel AL Akt

2. FAo} BARC] A4

O

Aot A EAAES] AL SNip(H Aol EEAEAANAM FAsts AEAE
o]-gs8kaL St o] A AV|AS ARE wgor I FPHow VAo A

8
@& SSREHEI AR A frabeil, Fo T, A4, 5
=
=

h=K\Zt—K,S (6-2-1)

2 (6-2-Dol A A9 Kl, K2 Al o ezl A= 2k A9l SNipel
A oatAskal e #e AREstER SAT(GATE AFEE C Kl=4, K2=1, ofF 2
K1,=5.6, K2=3.5, stut= 2= 1 K1,=4.1, K2=5.6).

glAlo} FAAE A S 2wl zlo], Vs 9, A

ur
AR, HAA, Fel B, oaAe] 11 58 s od @ wAg

oX,
1>
rlo
Y
12

[t

X,
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<X 6-2-2>¢} Zrh

AR AL 3 N2 (cm) LA A (em)
Bk 2k 5° winke] Gaubek Al 0 0
& me gAwue A} -20 0
% W3 AL +20 0
55 Ev SAWUE AL +40 +20
a3 +60 +40

o] =t ghepnlel mE AR BAGS <5 6-2-3>3 ow Este
BAGS el AR Wkl HF #AAES AEdn

T B Ak

Sl 25% Ao AAE e AW AHHE 1.00
Frerl 25% olske] HAHE Ee= HE 0.75
AAgten o] 2HE, A4 1.33

3. ¥#= SSR =Y

AH#= 7S5 AFME(VTT, Technical Research Centre of Finland) 4} EZ A+
2~(GEO, Geotechnical Laboratory)oll A& 19823 %8 19843 7k#] A #= o] 67)
Aol i3t sEFHR sEAANEE ASSAT. E Ao vud ARE AAFH S
of AYl AR FAAFATS Tt 4 2 sAZE 5T F A=
SSR 228 7]#el vl (Seppo Saarelainen, 1992).
67 ASAH F A= SHA YR Joensuuol| U
AN sAMNE FAAS AT JoensuuA 92 S +79~81meo]aL, E7%F
o B

2 +804me] o] &t} A HkE o

AR T

o
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_{
10
i
r
%
off
o
o
f

e ohet 2
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(6-2-2)
(6-2-3)

h=2.25V F—125
z,=9.8VF+126

&4 % (mm)

A7|A, h:

Ho

A=A 4= Kh(C - hour)

| ST BE4

Aot

<)

ot

ol

(6-2-4)

z=4.69F 05

EAA (T - day)

F
5. vl= FZZ]

NRCC(Northeast

=2 O =
e Add

_Ho#

]_

[e]
Regional Climate Center) 524 %= F4H &

-
s

Degaetano(2001)

—_
fite)

e
~

el

o
=

=

]_

A
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3) (d) 100 F71(=o] = 4-9)

rr

(c) 10d F71(zol §

<ad 6-2-1> v=9o A $24H=H=(NRCC, 2002)

F(VAOD) A = 671 7| #F425EH AL 7)13A
AT Z2Az7ke BAA A <1¥ 6.22>9 e =
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$ AASATHLE 2293, 200D, AFE SANR] AL OB 2]
2 ARE BAZolY 0%E ABAES HHrh BG BAANAE GHEHE 1
#ste] BANES 65974 ABolE A5 E FTHAR £2HY 3], 2001),

AN 20 )
BRE

<Y 6-2-3> 4B EIx= 200d 7](198072000%) A X 3tZo] Ex
(42 =233 2001)

SZA 2=
di2Ickalol o/
ST ME
jl_f_}éi}ﬂjl% :-tvbu-v-cv--|-U-u--bl-v%ﬂ}éé}ﬂj‘%
| RmE @EL H AIZE (OIZ2)
EZR|$ 650°C day OIFH: 67% : TonE EY
D SBR|L 650°C dav OIF: B5% :
X Etzio 2E
= L s
<9 6-2-4> X 3Hzlo] AA AR =2 F3], 2001)
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8. AUt Wda AAE A% #AHE 4=

Ziute} British ColumbiaF-ell A= widak Ao ot F44% 455 93 +
el s23el diskel 197195 20008714 A F FAAS F Auge Ad@
ARG5S ol gote] Te} e FAYlS FANS: ARIAL AN AL
. P
£ 80 /
= 60
//
5 40 /
)
£ 2 /
i 50 100 200 400 800 1600
Freezing Index (Degree-Days Celsius)
<39 6-2-5> #AAE-sAAF =AU British Columbiass, 2006)
9. vl= 459 FAXN&Z] A3
vlErel o) Aol Afzlol= 7t Frty A 85k Vol HEY. dutHqom
Az 5, vl F, A F, A FolMeE 22 FE2AV Al 50%
g 9EE fAsa Qv ¢, e3tele Fu fE FE sAZC] HAE A}
T2 3l ololtts F A= A 2 E(rock cap) 5 X EEEE A
vk Wb ey Foh 5 tEE 5 deols RRAAC sANAS AAE
Eetar A e = U
¥ 6-2-4> n= AR x38kzlo] 7] F(Pavement Interactive, 2007)
Agency Use of Frost Protection in Thickness Design
Alaska DOT Pavement structure > 50% of freeze depth
Maine DOT Pavement structure > 50% of freeze depth
Oregon DOT Pavement structure > 50% of freeze depth
Washington DOT Depth>50% of maximum frost depth expected
Ohio DOT Remove and replace frost susceptible materials
Utah DOT Remove and replace frost susceptible materials
Idaho DOT Capillary break / rock cap
Montana DOT Frost protection not included in design
North Dakota DOT | Frost protection not included in design
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