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Study on failure mechanism of wind-snow-in
duced composite erosion for roadbed
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Abstract

The damage phenomenon caused by the wind-snow composite erosion of is usual in
the arid and cold regions such as Xinjiang province, Inner Mongolia autonomous region,
Jilin province, Heilongjiang province and so on.Complex erosion is induced by many
factors: annual strong wind days, dust storm days and snowing days are long in these
regions; furthermore, the average temperature is low and variation of temperature is
obvious. In the special natural environment of arid and cold regions, the wind erosion of
roadbed is stem from the wind-draft sand storm. Because of the difference in temperature
leading to the snow melt into the roadbed, the damage of snow is mainly the freeze-thaw
action caused by the moisture for the filler soil .

Taking aeolian sandy soil roadbed as the research object, the failure mechanism of the
aeolian sandy soil filling roadbed induced by the wind-snow composite erosion has been
researched in this article.

The trajectory of sand particles is studied by using wind tunnel experiments with
high-speed camera shooting, which is influenced by design parameters of roadbed cross
section in the wind field. A single particle trajectory is traced and shooted by high-speed
camera before and after hitting roadbed slope, and the impact position, the impact angle
and the impact velocity are analyzed under different roadbed section. When horizontal
wind speed is constant and short roadbed is selected, most of the particles across the top of
the roadbed directly or after hitting the top of roadbed. Moreover, the impact velocity will
increase as roadbed slope becomes steeper. However, when sand particles are blown to
high roadbed, most of the particles hit roadbed slope many times and rebound to upward
with energy loss, and then slide along the slope or landing directly in the slope toe. As
roadbed slope rate increases, the increase of the particles impact velocity is not obvious.

Through the freeze-thaw cycling test with three temperatures, we study on the chang
law of the physical characteristics under the freeze-thaw action. Because of the lack of
cohesive force, the moisture of the filler soil moves slowly from the top to the bottom over
time under the action of gravity, however, the freeze-thaw action increases the migration

speed of water, because of a new kind of power transfer of energy. The article studies the
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diffusion law of moisture under the freeze-thaw action. At the same time, the freeze-thaw
action can make the soil porosity increase, which leads to the porosity of soil structure, so
the internal dry density decreases. But for sand soil, the deformation caused by the
freeze-thaw action is small.

Through wind erosion test of freeze-thaw, the article studies the failure mechanism of
composite erosion induced by freeze-thaw and wind erosion has been researched. Take the
variable of shear strength as the measurement criteria, the different impact of wind-snow
composite erosion is considered with the different position from the top to bottom, and
from the slope surface to the interior. And the different impact degree for the different
erosion action also plays the important roles in the composite erosion action. For the
aeolian roadbed under the certain size, the influence of composite erosion reduces
gradually from top to bottom; what’s more, wind erosion damage is mainly for the
shoulder slope, but the freeze-thaw erosion is more serious than wind erosion on bottom.
For the filler soil with the increase of moisture content, the influence of wind erosion

weakens, but the freeze-thaw action strengthens.

Key words: Geoenvironmental engineering; Composite erosion; Shearing strength variety;

Aeolian Sandy soil filling roadbed
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Xt AR B 45 SR AN SR B WKL T I2 s SRR AN B 2-8, KL T is sl s A 1A

FE L= H=60mm KA (1)

HE L H=60mm KA (1D
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FoF NP RXE SRR

P& L H=60mm 255 (I1D
B 2-8 #-F &3 4% A0 RE S LA R

Fig.2-8 The different trajectories of particle through the low subgrade
(2) X TR HL, MRYEEE a4 20 50 MRURLE S, SR IE s
Rk BUBUR B L e, sk 2-1 P

& 2-1 AR Huidk £ A 6 Bk F R e Ap)
Table.2-1 Number of particles in different trajectories

I B
(H=60mm) (1) (1) (11D
a =11 29 (58%) 16 (32%) 5 (10%)
a =1:175 26 (52%) 21 (42%) 3 (6%)

Zhit: MRIEEIER 2-1 Goih 25 ST A R ZKCE KGR V=16m/s — 58, % ER
BEI, K2 KL B e M 5 T T e B 4T FE B R T -, 3840 hr 1 J i B Skl
35 [ 3 4k 2 DS S T e, T 2D 8 o R ik o 3 S e TR HERA

2. MEAEKIE (H=170mm) W5 vb 18 sh s 4 bt

(1) X R, R RE 3R R 50 ANkEs s #4r giit . 7 LIS
B VR 2 v B R IS B T 2 B DU Fh R A . — R Vb br - W B A A T
T B s b e A 2R 3 [ K R 5 b S s B T Bt . = R vk
R 3 22 vk Bl 53 1) 3 5 TRl B R S e BB A 2R B A AE BB AR B R VR S R B T
N VUR VDR AR R 3 R SRBRER T RIS Bl . YRS B R
K 2-9,

1
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1) (1)

(11D av)

K29 & F2dmR A RRRTE LY TER

Fig.2-9 Sketch map of the different trajectories of particle through the high subgrade
X MR ER 5 SR AR S B AL 2R Y N ] 2-10 B, KL T isshr A A A .

PR R H=170mm KA (1)

PRI R H=170mm KA (1)

B R H=170mm K8 (T1D

12



FoF NP RXE SRR

PRI R H=170mm KA (V)
B 2-10 & F2 3% L0 RE T XA E

Fig.2-10 The different trajectories of particle through the high subgrade
(2) X T s ks, MRYEES s 20 50 MEURLE S, FFh S s 8Y
Gt ORI S L], ansk 2-2 B

& 2-2 TR HIE £ A6 ks R I He AR
Table.2-2 Number of particles in different trajectories

T I eah s
(H=170mm) (1) (1D (11D (IV)
a =11 3 (6%) 14 (28%) 15 (30%) 18 (36%)
a =1:175 4 (8%) 19 (38%) 13 (26%) 14 (28%)

Zhik: WK 2-2 R KR KT RGE V=16m/s — €, ATy mig kS, i
/INER 73 FRIRLT L2 DA 5 T e e B 9T A i T b, 28 KR 70 L1 il £ g B0
W b @I IE A (1D AIDS (V) PR A vl 45 B /AN k- 280
1o 46 2 A 3B I O AL B R, KOS 1 T 2 O o RE R TR I R T
T B S i LA R Ay )3 sl i SR AE AL

2.2.2 bR FELEREBIRMNE . REMAE (HFE) 9

Wb by B AL E . AR O RIS 2-11, AR 4R
FRUGEN 30 ME/AY, FEARHIE Iy Bl B PVC M AL PR IS 40T 5EAT DUTHR kLT
i ol ST I i 328 08 AR AT o 390 T W 1] 1) 2, 3 T AR 30 5 (R0 A0 U SR VR

48 T S T e ] ) S P
IR 3 )

N Ve T weh b
PR eﬁ%ﬁrﬁﬁ —
i T

B 2-11 HHET&FR

Fig.2-11 Calculation sketch
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LRI T e R BRI N s T A B M TR
(1) P{HE H=60mm, o =11}, MMIET7E RS HRIL I T RURL ik BUE Zh 38 E
M7 E) 10 ASRLTREATGeTt, e boRn T S T i o B SR S S ke A CRITT 1)
AR EUNER 2-3 Fiok.
% 2-3 A& FERTE (H=60mm, «=1:1)

Table.2-3 Calculated data statistics (H=60mm, ¢ =1:1)

FRL 5 PV (m/s) FEO ) LT VA BB
1 7.57 96.1 e B 1l
2 7.10 106.4 e B II
3 12.10 102.3 e T II
4 6.85 104.5 e B 11
5 8.28 100.5 e B 11
6 8.76 95.2 B b8 II
7 8.86 90.8 B B II
8 5.92 90.3 e B II
9 7.34 95.2 B b8 1l
10 8.82 98.6 B B 11

21 8.16 98.0 — —

(2) BEE H=60mm, o =1:1.75Kf, SR FREGRME .. AR, 8RN TE
WHE TN 2-4,
* 2-4 FHE#ES%T £ (H=60mm, o =1:1.75)

Table.2-4 Calculated data statistics (H=60mm, ¢« =1:1.75)

BURL T 5 MV (m/s) O () LAY BB AR
1 8.28 81.1 e BB I
2 10.18 82.8 b Gl 11
3 7.68 81.0 b G A I
4 7.69 86.0 P BB I
5 6.60 74.7 e b I
6 6.27 78.9 P BB I

7 6.51 79.3 Worp N I

14
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8 7.30 82.8 Perb B II
9 7.54 81.5 e B3 11
10 7.96 80.2 b B II
I8 7.60 80.8 — —

ik e s 2% 2-3 F1 2-4 AT RLAE 45 e

u>%%%mi%§ﬁ6mW,t%AM@M¥ﬁﬁﬁ%ﬁ A3 S R
L N 145 356 T3 T et

(2) BRFERIAERE (H=60mm) —i&, MPREIA I EN 11w, R
PR AT (v=8.16 m/s) KT EN 1:1.75 ki1t 3 T 1) T 238 - (v=7.60
m/is)o XL BB G T — e I, IR OR, R AE XU T A XU B
BIHF AL, TR IEG Ik R

(3) BRI ANy 11 IR R i a3 e /i 0 KT 90° , BRIESA IR
N 1:1.75 WPRL- e TN I A B /N T 900 o A A BR R i e I, I Rk
Ko LTRSS T 8 B BRa], 6F 3 13 o TR, il 3 12 i/ P ek
Ko

2 R0 H o e B S T S AL E . A BT

(1) B3 H=170mm, o =1:1 i, M3 7ER IR F R ik BUE sh Hzsid
M) 10 ASRLFREATGert, ks i i i (0 6 B v S S S e /- (RIT71A)D
FUH AR 2-5 Fios

k) 2-5 i H#HESR T AR (H=170mm, o =1:1)

Table.2-5 Calculated data statistics (H=170mm, ¢ =1:1)

FIURLFT 5 WAV (mis) fEO () i E $ESTI L7 b0
1 7.07 90.8 e BB 11
2 6.73 109.1 b G A \Y
3 7.05 105.5 b Gl I\Y
4 7.04 86.2 P BB 11
5 6.66 96.7 P BB I
6 7.07 91.4 e b I
7 5.71 104.3 e IR \Y

8 6.50 87.5 Worp N I

15
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9 8.07 98.1 Worp N
10 6.81 97.0 o B
FIE 6.87 96.7 —

v
[T

(2) B{HEE H=170mm, «=1:1.75 W}, XPRiFREEMIAE. M. EEHRET

i E SR 2-6.
% 2-6 HHEHES%T R (H=170mm, « =1:1.75)
Table.2-6 Calculated data statistics (H=170mm, ¢ =1:1.75)

BURLIF 5 MV (m/s) fEO ) LA ST L7 b0) it
1 6.36 99.5 i rp R 1l
2 6.41 105.4 e I\Y
3 6.30 104.5 P ER \Y
4 7.07 75.6 P ER 11

7.07 74.7 Wb b 11

6 5.89 74.7 Herp BB 11

7 7.04 84.2 P ER I

8 8.96 78.1 e 11

9 6.15 80.5 b G A \Y

10 5.19 79.5 b G A \Y

FME 6.64 85.7 — —

BT LR R 2-5 A1 2-6 TT LA 4B

(1) HEHEARR R DY 170mm, K E7 (PR i fE i S R B2 % U
I i e BT S VB ORI R AL , B R T S e B K T

3 (T KB HERIE TS IR IAL .

(2) IR (H=170mm) — %, MRy L1, Ry i
T P AT (v=6.87 mis) W RT3 ATy 1:1.75 I (AR 7488 oy 5 T 1) 1 25 3
(V=6.64 m/s). IXUi W] 2 HHk L s W, APICRMOR, BRI I 22 35 XU

RGN, AR RGN RCR S R g A LA

(3) BEFLIAWHR Y 101 WPRL e v b 5335 0 e /i 0 KT 90° , Bk
9 1:1.75 IR el B I A A /N T 900 . SRRER AT, XU B 2 e Sk

R, L2 URR 5 R e 1 3 o O SRR Pl ok
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FTE NP RAINXE SR ER IR I

2.3 KENE

AR R RG] ey T £ 5 1 B AT I T XU v B R TR T 1T 2 O AR YD K38 Bl R 1Y
S o B SR FH v TR AG LT R B — ke 48 o % B i S a8 SR AT B R 4
B, oAb AL B, T (R I A R R R S B AL IR R XA
PO T 5 0 S 4515 tH L R 45

(1) K KPR — 8 HLEE FE AR R R, R 3 BRRE - B 42 A % 5 T ]

i BR A o AE R R THT b, 30 9 o s B B S [ 5 5 4 2 DI B T T e, T

e /U508 3 R ik o TS TR B T TRl MEAR o BR R SN  BR AR, DA R T A
PR EETAI A 2 K In) b R e R WIS VR AR T BORE - S B LR T 1A B AR
JEI AL HEAR

(2) BREENRERBRIE HmE— e, Rk B AL B, HBEE
IR, [n) b EREE 3R KOs IR 38, P DA T B S B B, k4 e i
IS PR 2 AR B2 a0 I R AR EUABOR, b it o B K. B Ry R R Hs i — e I
RKER R T A B R IA R 3, BSRG[N RS ARG N5 2z
FIT DAL~ o I T B Pt A 1) JEE s KT B a0 3 o (] ks e ok BE T 3B I 1) 4 B2 0 KT

0° , kL4 S 13N 1K A B2 0 /N T 90°
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BB R BEARERD A TR MR

HEILAE H RIS, AR B ) SRR AR R 22 32 B & Fh B3 AR R R 5
Wi o JEHEAE T FIER X LRI ], AT, BdE LR TR,
MEE S AERRIER I . IR LT 2% EF, ARSI RRIE IS AR g R N i, XAl
THRRUIEIAE YN 52 i 58 5 XBR JR 1) — N B R P Y o 63 AR K 20 AR TR I
NIVER NI, RS RS B ) R E I AR A o A B3 I R Rl ek B
FERID i B AR K 7 AEIRLEE 2R 51 N I E A DL, AR Tk E oA 51 1 1
T2 FEAR AR RS ) AR TR R T R LB SR S AR A, A D B
R 73 I 5 A SR LA 2 T (5% Z 42 4t A il Bk At

3.1 BEE XD TR E R YIEIE IR

AR FH ) B 3 L AR R X, BUE N 5 BEA ST Vb3, IR R R R
T 3~5m.

3. 1.1 X\b ki 2B A%

RID 0k o MR B R AR (AR TIRI AR Y (JTJ051-93) i & K FH i 40-v2:
HEATH) . S2I65 H R LR AL A L2 3-1, HRAEER 3-1 2 i R b - ks 2% fic il 2%
& 3-1 frs.

* 3-1 Wiy 2Bk Ak Ih 45
Table.3-1 Grain composition of Aeolian sandy soil

Fi e /mm >0.25 0.25~0.1 0.1~0.074  <0.074
INFRERIAZR R R B B 1% 2.5 95.1 1.7 0.7
MR T AP HE R A S R C, MR 25 C, -
C,=d/ d (3-1
2
C =) (3-2)

=
dyp x g,

Ref: dy, dys Aoy AP BIAIOREFNT R BT & J 10% 309651 60%
L (mm).

18



FZTF KD EHEEFRRMIEAR KR AEREMAR

o001
R4 (mm)

B 3-1 Wiy 2Rk R BT &

Fig.3-1 Curve of grain grade of Aeolian sandy soil
R EEIPT 7S deo=0.19, d10=0.13, d5o=0.16, TI-H LRI 1A IE) R EL
Cy=1.462 FIHHR RZ%L C.=1.036. WHNWD LW ALEIREC, <5, KHND LB TH
LN

3.1. 2 b £ EsEit ie

1. A EAfEdseTh T FRgdadss R seikes)

AR50 T BANCER S g S A B e S (R B S0, SR & b -1 K &=
H5PEBERR R, B E RID E1E— @ 1 SE T BT Reik B0 S0 & 7Kk 26 J R R
Ry K%

AR SEIG IR (AR TR ML) (JTI051-93) FRHE AR E6 7 i HEAT iR 56, B
BT SR IR e F A & K AR R T8 B, Horh S i B 2.5kg, V& #E 30.5cm
(hszh 1), H=2lsL, &Ed 27k, R_EAER 997em’,

I R AR WL 3-2, Kb tidseihgml il 3-2, bt
REKEN 12%, HATHEN 1.611g/cm*,

%32 Ry HRKBER (FRH 1)

Table.3-2 Results of hitting of Aeolion sandy soil (The compaction power I )

FIKE o (%) 0 2 4 6 8 10 12 14 16

pragiss 3
THEEp (0lem’) 1599 1586 1576 1583 1.593 1.607 1.611 1.608 1.598

19
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—e—hIh | FebsTg |

T (g/cm’)

1.59

1.58

8 /7 S Y N B
0 2 4 6 8 10 12 14 16

ErIKE (%)

32 THAELHSKRFHXZHE (FEH 1)
Fig.3-2 Curve of dry-density and rate of containing water (The compaction power I )
2. Wb EAES ST IR # o Sl
FEXRS APD L HEAT B UR Al AR Ie s b T % 1O P P A el ST oy i i e 5 DA
ek (s D) SRS SR, WL 3-3. Dy 1 RENEHERA It AE B i ol S8
& NPT A AR VR RREIA AT RO 4E T8 AR . SO XD AT 1l STl 11T Il s
RS

B33 HRELHHR LM

Fig.3-3 The compaction and the hitting soil sample
RIS R IE M (AT TR HIEY (JTI051-93) e HaEe ik AT ik,
=2, RS 27 W, RERA 785em®. i SHiRk I TR B 45 R LK 3-3,
RPD A Sl Ze 2 i DL 3-4, Kb B RAR S KFEN 11%, mKRTHEN
1.750g/cm®,

20
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%33 N rHEKRRBRER (FRAN)

Table.3-3 Results of hitting of Aeolion sandy soil (The compaction power II )

FKE o (%) 0 2 4 6 8 10 12 14

R PEE 3
THEEp (9/em’) 1741 1732 1724 1726 1.736 1748 1749 1.742

1.76

—e— sk

€%~1755
ED .

X

B
H1.745

1751

174N
1.735
1.73

1.725

1'720 2 4 6 8 10 12 14 16

ErKE (%)

B34 TEEESKREHNXZHE (HFEHI)
Fig.3-4 Curve of dry-density and rate of containing water (The compaction power 11 )

3.2 ArAfR LG &
3.2.1 IR (T

AR YARIGFE A FH A 52 0 A R 22 KR 5 A B2 e i) = IR R R PR 3R A, %
SRR A B =8 BRI, EAR 10cm, =08 10cm. i S T A itk R ARE
AR . B IZAES RN S I BE R RIS TOR . AR A B TR, T LARR Y
—IRREAEA IR, I 3-5.
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B 3-5 =& % AR IR X I AL

Fig.3-5 The freeze-thaw cycle test instrument of three temperatures
3.2.2 X B RIUE

B B T BRI AR, b R B AR S R IR PR AL, B A i A T T
Jo RS e T PR 5 — 380, 38 3 e s AR [ A AR AR THUARORI R AR 125 45 1 B A AL IR
RAFAD D - B FE A BRI P A2 B R R

RO R LRSS XD LA Lo 1T Al sedh 2k (LKL 3-4) , 3R 2
TKEE (119%) 7EAT WL 8 P9 L Sl 4 o, A PR IR 31— 52 (1) T3 ¥ (1.750g/ cm®).
LAV EAR 10cm, & 10em ALK SR J5 A = iR R R d PR 1k 96 SOt i £ 4 ) 1
PEREAT S N R RRE PR 56, BT 70 KD B AR VR BE A T S 7K 0 B 0 A e L K i T
TRE R IR S A AR TR AR AR B R AR T

MR A S X R ALY 30 FEORAYEEF I RIR B R, e wle P AR
-20°C~20°C Hili 72 i [ P BEAT R B AR A 6 o R TOTRSORTJEG AR v W BRI, A AL P
HARHR AR PR v W P T, R TOURR RSO AR  14 E [) s T 3] -20°C R S BBl 1R 45
ik, ELRIRAR S ERE R THAR  JERARORTAR 4% A3 R A i L 3 20 °C RSB ) it
U0, HEIRRIOCE. A0 1R, GRRMEAIREI A8 LIk 2K, 3 k. Ukl
DRI FUR T, R (LA A AR TCEAE AR ) P Lo Ak, DA SE R R 24 i 1 e
AR B AR . R EREAE R ) B0 10 /2, &) 1om, R 10 MR ALK
SN ERZE o, DL IR R PR I A e P T R B AR A O, 6 A
RGN 3-6 Fram. REEIEHIREE N 0.1°C , ARTRAL AR IR B4 0. 001mm.
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FZTF KD EHEEFRRMIEAR KR AEREMAR

THURRL &

10
T2 1 g
S 1o
= 1
iz 1ok
AppEe—) | R s
6J o m
BT I
EE lg ‘;’f
90 19 Cem
';“ﬁlo)% -10 cm

JRARGILEE

FE 3-6 LAARA
Fig.3-6 Soil sample model
ISR XD TR T7, NI FLRE K O B K, fEE T T 2 BEAE I )
Zetg i FIER . PRI ORE e B0 1% bhitde, RIRECRE OB AR I A A s =
B, AR ER, (HZ I NAGIR A I I e HAR R AR AL 0°C UL,
B7F 70 e A TS K B 3 A7 DU 85 FE R ARAL I DL o

3. 3 RIS E Rt
3.3.1 TIREKEBRETHREFBREDH

TR RRES S B BT EEE lem — 2 RO, BT
W25 KE, S TREAE 2 IR UK RIMIE A T B 73 B A A . 4 B T 17~
IEAS SR 5 KRB VR AR B AR A, Un3% 3-4 Fr, B n] 2 H R AE R
RPEIAE F AT AN 220 — 5 UR RE 3A AU » RS R S K B REIR I AR G R ] 3-7.

FEXT LRI, AR B A IR I = T A RRE AR, (HZ ARG
JE 393 B It 1) ELASE AR AR B2 PR FFAE O°C BAE, AR/ 7072 5 0 /E Fl T I B0 A i ol
% 3-5, UL R 2l R E PR T AR R S K BB AR A AR R AR
3-8,
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& 3-4 LA RR RaRE TR A6 LA & RS KEA
Table.3-4 Moisture content of each layer of soil sample through different freeze-thaw cycle times

R LG A & /A 1 2 3

F1E 75 7.3 7.3

22 7.4 7.4 7.3

$3Z 7.6 7.4 7.4

42 8.3 8.0 7.9

HERKE ¥52 8.8 8.5 8.2
o (%) F6 2 9.9 9.4 9.4
B2 10.5 10.5 10.8

%82 115 11.7 12.0

F9E 12.7 13.7 13.8

10 2 14.1 14.7 14.5

% 35 stbik b LS Z A K E(E
Table.3-5 Moisture content of each layer of soil sample in contrast test

Xof P A A e 1 2 3

12 8.50 8.10 7.80

2 9.30 8.90 8.60

$ 3 9.70 9.10 8.70

542 10.7 9.80 8.90

KEEKE ¥5)F 11.3 10.0 9.30
o (%) %62 11.3 10.3 9.90
= 11.3 10.6 10.8

82 11.8 10.9 11.3

F9E 11.6 12.4 12.9

%10 )2 115 13.3 135

= 18 |

~ —e— WIIREAKFE |
5 16| T ML
2 | T RAMEM 20
a, —e— FRAMEIA3K [

PR B ARFE TR IR E Cem)
B 3-7 AaBILRATE LS RELRE T aeg T

Fig.3-7 The change of soil moisture content along the depth direction before and after freeze-thaw cycle
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S | —e—HaEAkE |
goae| ARG ]
S e 17 B 27 ol [ T T
4 14 —e—XJEERIs ) 0

40 [ R 2\ I B 1\1 R é R é [ ;10
PR BT 2R BE Cem)

B 3-8 xf kI LS KEDRAT ML
Fig.3-8 The change of soil moisture content along the depth direction in contrast test

WRYE K] 3-7 AT LAE Y, BREAIIAE & /K09 11.0%, UREREP 1 FAE & 7K & TN
JZ2 B R JZBETIGIN o X 32 B H T OO R BGR E [A) ik 1) 0°C BAR I, AR Y iR
FEALE O°C LA L, R AL AR A I A e) iy i b P AR & s, prbl ik iy
S [r] oL RS o 3T AR EARER, KRR AR BEATE AT S AR EE A MR X (D)
AR 25 [X (L B0) A e, T e N AR, K B AR AT RE A B 3 A
TAELX Cpa]) [ARES X CR D IR AR . = THARCAT ARG B2 A2 0 0°C L,
FARTT A BN S e AL, SR BN AR AR R R O B AR
T . (HiEL K 3-7 FE 3-8 XFELRTLAE Y, LA EAFEAEGR 4IRS T 1A R AKX
ER IR T RN ISR K E D, IF BT R T AR Al E AN T E 2 At
FEEARE M BB ZHHE N, XA R T K 7 A AT S KK 20 AR
e BT R GRREE R TR B A K, B GRS RS K E N LA
NIZEE R RN . HEREMEIS 3 ORI, TR S /KENE] 7.3%, JRIZEK
IR EF) 14.5% . A EEARGREEHA IGO0, BEE I R HHER , K2 A R0 5
H B UR BRI B0, 7K 0 e BB 1 R #OE A2 SO W o AP SRR R VR RIE 3
TR0, Ko —Fhigh 39 85 B2 VR AR I DR 7K 23 9 A n 1 3h J5E R e & .

3.3.2 N TFHBEAITHEREF BT

TR —E IR IR X BUE R GRS N BT IR, PRy R B BT R %
B 1om 23 JZHORE, H BN JTHURE, UAS FEAE 2 X UR RIMEIA 5 1 %% 2 T3 AR AL
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THOLUIR 3-6 Pz AR¥E A 2 mT L2z it PR AE R AR 1 T AR et — S VR
TEA IR, HAERS R T EARRE IR AR R AR 1A 3-9.

* 3-6 ZiX R AR I AR AT H AL
Table.3-6 Dry density of soil sample each layer through different freeze-thaw cycle times

R ALAEBA & /A 8 1 2 3

F1ZE 1.752 1.751 1.736

F22 1.707 1.708 1.691

$E3ZE 1.720 1.697 1.681

42 1.733 1.704 1.669

HIETHRE $5)2 1.746 1.722 1.671
(glem®) %62 1.749 1.728 1.675
BT1E 1.758 1.735 1.684

82 1.775 1.749 1.684

92 1.780 1.762 1.691

%10 2 1.806 1.777 1.719

s 1.95 ‘
5 —e— WIMH T

S 19| —— VRELEM LK |
- —— REDEER 27K |

5 1 85| —=— URBIEFR3IX |
M3 e

1.8

1.75

1.7

1.65

1.6

9L N N N
0
BB B AT VR BE Cem)

B 3-9 AKaxfhiral e AT ERLBRATX AR

Fig.3-9 Dry density of soil moisture content along the depth direction before and after freeze-thaw cycle

WRAEE 3-9 AT LLE W, H—F CGRE) WTHEERARILNIG T HEE
1.750g/cm®, 12 T ERRIAI R S — B ANRE HARME, Bl 2 Rak i s .
MR BT SCE A Al R R AR DI 1A R AR B RER . AR 1
OCRRS , VREMERIBIOR 1 A JFUR R o L f8 A o T 7K 70 1) R SRS A 3 25 Bt e 1
N -2 A NPT N w2 N < £ i 2 DY T S s M i NS B2 R (SRR 0) = AL
AR N BTSSR AR, S BEE EAR ) R T

26



FZTF KD EHEEFRRMIEAR KR AEREMAR

AREEYIETHEEH, TR THEEI M BB N Enm@Es. S 2 ik
RUIEIAE G, B AR AR ASBRAR AR SR, T 350 B S AR SE H T AR AR B A
it LSS RT3 EEARATD 58 1 ORUR AR H R UL A B A, JF B AR T B B3R
BN ARREA ., L 3 RERERTE, AR LR R 4B K,
2y AR ST 15 /AP B R 2UN I O S I e Sy S VK [E 8

3.3.3 AR EETH

TREAETCANK AT T BATURALE A, 284 K S 4i e« A Ukl
TRk o AR ARG DL N 3-7,

%37 AL ARETERBHEENE
Table.3-7 The total deformation of Soil samples after freeze-thaw cycle effect

P A% TR AR 5 (mm)

R R CEL e A 22 T & (mm)
1 6.40 6.37 +0.03
2 453 4.37 +0.16
3 3.68 3.97 -0.29

TE: 47 TRV R, -7 FornETRA L

RAER 3-7 w0, ke 1R, 2 RREMEAMERIRS, AP R4 I .
fE bR 3 IRIRRMEIAME RIS, AR AEGRARAR I, T R VR R A B0 ot 4 5
FIRE ERE T AR AL AR, PR RIMIE IR AT A R P 3 2 B 3 K

3.4 KE/NG

A I S D L REEAT ToAN K SR N B 2 R R A S, BT IT T RALIE A
R PGS D - e e A B /K 0 SE A BRI, BUB el oKk o SE A 1 5 1Y) AR 3 AR AL
IR AT L AR S AT O, 45 HH DA T 32284518

(1) EARLERA KRBT, FREMEIAE AR A BRI 20 B 1 R iE 72
AR KR T 2R T 3, 10 HLRE S R A RN, K o3 B BRSO ERE
MBI . AR R RRMEIA RIS DL, K or e — i i, ARk BE3AE R Y
KT I OGN T S ERR I RE R

(2) BARELE 1 IR 2 IREREMEIAE G A B s B R K S BT S R
A, 1N B AR TR H FA AR B R ARG e s, T R OB
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THEL, S AR T 2P LR S S B RRE 2 S TRRL TR LA,
AR AT AR IR @O B R, JF B3 R s i T, TR L
A NI AR B WTRES . E AR e 3 IRRME S, (A B AR R AR gk AL
K, SSRGS, T R a T2 FaeE.

(3) &I 1k 2 IRGBIEIAMERTG, HEBUR S BNt . 8
2ot 3 URURRAE Y o A S AR N B A AR R, PRI IRAR I . TR
GRS, WHEK A BK,  UREE RIS XD LR R AR RN .

AEEWETT T IR % 5 52 B Fh K T K 5G4 FH SR T A5 it S SO A 2R
REMEF, FL MO LMK AT . T LR E, T AR .
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SEIIE R R AR R I S

WEE L IX e T T R IA X, BRI AR RS MR R S R AR L T
B2 BN E R AR E . Iy 2 2R R E R, 53— T B AR
RIS N2k A B SRR A R VR R PR A P o 28 2 TR XU AT R R AR Tk 1
A2 A SR EE A1 05 1 U8 58 P PR B3 o

4.1 REH R
4.1.1 IS

Lo AR L

AR YRR it DXt RTTR 6 P P PRS2 S A 5t R R BRI R ¥ FDY-1.2 ]
5 20X KR AL

2. (R

S AR R R R P A Y RO ASCE SA R 5 ROV R 7K R 5 R R 5 Bt R AIKR
WIGAE, WA 4-1. i GAT W EARIERSEOUARE IR S, VRES 585 5 R MAHIA R 4
ARERLAL, SR SBR[ VR AT 2R

B 4-1 KRR I 4

Fig.4-1 The test chamber of low temperature
3. {4 R A
PRAR AP R e, PUBY 5 B IR A8 5 A BE A, WL 4-2. e
BRI ARF IR L2, SRR I8 B AT 28 N e, A shBCkieRs, i
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P3| — @ M e, AR s EUE SR tH LRI 5, eI g0l -+ 2 BTSR, (4
M2 5T R LZ SR B M B DI, 13 H s s 1 el 3 ji R o KA, il
BB RIPIY A

P 4-2 4735 X% B XA

Fig.4-2 Portable strength tester
4.1.2 NKRE

1. BgEEA AR

PR AR IS A U0y 7 B A M, T B A, AR AL 4-3,
FERFERRR S AR, A ZWoK, N2, BARRORYS, A2 i i F A Y
R AR

K 4-3 % HEAEA G

Fig.4-3 Roadbed model box
2. Hsds
Jesicds BT R ARSI, AR A ARER, TR EEsSE, Tk
WA RIARAL, RS A AR AT RS2, DL 4-4 P
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Fig.4-4 Compacting instrument
4.1.3 REAFREDE

FREEPUNE Z AR E IR 19RES SRR DAL IES B PR,
HApafEgit s H, B o B T, BELNE KR o LSRR E
P~ VRAMEFRCEL Ny RNV, WA RN 18] t. 55 50 8] 22 3504l v 5 1 ) B BY
SREEVRES, RASEREMIR, AHEmERPAX 4-D:

t=f (H, a, T, @, p, N. V, t,) (4-1)

1. I

I T7 R E B L F Dy 1:10, BREEEAY S H =170mm, A o =1:1,
RYE R eSS sh T Fiodseihisk UL 3-2), I ARG REENEKE 0 5
BN 4%, 8%- 12%. 15%, Xt Ri%8EE p 4318 1.576 glem®, 1.593 g/lem®, 1.611 g/em®,
1.603 g/em®, i s ] 4 B RT3 5 ARSI R ST Sl 4% B B A

2. RIHTE

MRAEARGS AT AT 1, B RE8 T5 S0 9 Se AT B AR R R VR R IE RIS, SR 5 T
B 22 3ok R A PR AR S R BT UL AT RV XSG, R FE 2 X Kb 1
6 35 57 ) ) R RERE Rk 94 52 62 e/

BT A e VR R IAE A, B2 Rl A 2 5 Bl TR R XU/
5| JE P P AR R P R ek A, S B 5 R RO B R S R XU S BT R e . H
TR A5 A 22 T AN REALE F)— 3T s, el 4 Rl XU b R 903036 7 2640

(1 VREMEIAER T %=

AR IR IR AR B BON-15 C AR IR PR 45 12 /NI, VR &5 58 ¥ Je B R IR R 964
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ARG, AT 10CE WA EL 12 /M IXFERAAEERE T 4-15TC
~10°C [ E I P S BUE BE A . TEIR RN 1 K, HEEMEIRIREIN 205008 1R, 2 IR
3 o URANRLE F H B # Rl R AR A, B 1 R R R oK Bk B SR,
LK 4-5,

B 4-5 AakiX I b LAFAEA

Fig.4-5 The sample in freeze-thaw cycle test
TR B AR 2 R R T 5 B DU 3 e 2 D rhola 20 DT B R 38 20 A4 2 VR R
FIEARIRI o B LLSEAE — Mk A G KU X380 00 58 R RO 2 i Js B B B i
WL 4-6, BIHIE H RUR Bl AT S P 8T s BE AR

/4

K 4-6 ARXI2INF
Fig.4-6 The site in freeze-thaw cycle test
(20 Rt R AR 7 56
B AR AT I B0 B K XU V=18mi/s, XU it 20min+ X+ 30 min Jy— AN i34 A
B, WRAAEA B A LIRS 2 R 3R
K e R B AR T A R T T R P 3R AT PR X 6 I B 47 H R R
ROEIA 5 R R B AR, At % LRI a R IR IR BT A SR BE R . 3BT, LI RGN 31
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AN AT AN R XA R L, FF0E AR R X P AR A 3K R T 1) 5 P
fH.

B 4-7 RAeiX 3%

Fig.4-7 The site in wind erosion test
AR AR B o A A 5 4% Ui BE A AR R B AR d=48mm, Rl — 2 LR E L0
Smm. A R X XU 36 I s = an 1 4-8.

5mm

B2

Y 5
b b __i
Vi B I A =R B IRR IA Q
i TE s /ffmwkﬂﬁc%ﬁlzl R LG X - IX
~ S1-%5 ' 5581
TR [ B 2 Y 3T R
A DR

B 4-8 KB HETER
Fig.4-8 The schematic diagram of testing program

3. I b I

(1) et g5 7Ky A% B R R, M A58 495 2 o P2 Il OCAE — Mg i
RO EREATURBEIEIA BT HTBT R I E , 205 1 IRVRRIIEIA J5, BEAT VR RS 92 5
DNSE o VR T X B 2 S D 9 P 0 R 40P AT BB AN mOSRT- 22048, A D45 1) 08
INFE LT EE

(2) SRR R B ELAE R XGRAL A A 55— M3 GRG0 AT KPR st G:
RUEAT LIRS 2 R 3 IR PR A o 20052 AT LR R XU PR T A 5 P £
BRI 5E AR 2 B0 5 BE I 1P AT B AS RORFSAME

(3) HE LARQ). QP HATHRREIEA 2 OMREEIA 3 I AR R X
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(4) EE FRQ). (2). Q). KIKIATEKER 8%, 12%. 15%I[1] i H iR
()5 Bl R 56

4. 2 B I AFE{L T

1. VR ARG 1 56 22

(1) AR R R Rk RGBT 7E (1 % S T AOU RS, IF B AE T L | 2 22
] B A PR v E AT 3, B4 LB I vy PEE AT R i /NS R L A1 1210,

(2) AV IR LI KA F DO B IR KR AR RS, 350 25 FE BRI A

(3) AUK A BRI R eI, JF B8 EEmmE, Bl
ST FAE ARG DL, RIS GO, 252 T 2 AR A A &
50 P S PR AL DL o

2. U TR e AR AL

% Rl Rl RT3 B A S R A AR SR B . R V22 (K SR BR P, (ELE =5 P e
RS, AT DAL RHER IR R 2 AR, ANSZEF AN A8 I TRI SR AR (s, ]
ANy B H P KGR /N PR S IR RS, FERE I (8] N SRAG B 2 A « XGRS AL
W8 B 2 =2k AF: JUATARMEL. S83AI L B 7R L. BRI B AR A e 42
T AR ARABL, - FE o R0 A ) L AN 2 A 40 T

(1) I FARIE A A RT HIPR A, B 58 AN RES I IR LL 1 4 /s, H gl
T AL S 1A RS SR R I A TR

(2) BRI SIS, 0 RGFABLIRSS BRI 5264, A5 it

(3) BRAUI Joik B B2 5 R W7 [ e fiy el i, PR A B A RIS 00, BRI 2G
55k X7 1615 AR 2 90 T ELIR T 2R ik

4. 3 IR
4.3.1 E—aKETHEEABRTBETHRE

H T AR A B HA 5 R A ) g e s A — e B sg i, T LA
BUE IR 7K o) BB B AR O TR T3 — am A ARE « RIS B i, o
FEE IR 4B T 7K 1) B e 4 A RS Bk i, R LRI RE N Smm, 15 H:
1~5mm AFE—WRZE (RJE). 6~10mm R MEZE. 11~15mm A = HA)E
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15~20mm N EEPUHIR . 21~25mm VAR R, 5 AL R PSSR AR .
1. BRIy 12900 % I50R A0 5T BY 95 ) S s e
PAARE KA 12% 791, i 308 A0 5Y 9 B A 2 oA BEAT 70 i o AR 1
T3 AR, D E B HEIR AEAS R R R AR AN X AR A AL S BB T, P 3p T 1 i
NES MR Z R EE . (kPa) W3 4-1(a)-(c)-
& 4-1(2) &0 1 KA akAe 3 R RARHEIF A9 LR 40 3 5% H AR
Table.4-1(a) The shear strength of shoulder slope after one freeze-thaw cycle and three wind

erosion cycles

&= B EL I I 3 A
‘ 355 T ) 4% 3 P
TR
5mm 10mm 15mm 20mm 25mm
WIMH1E 30 kPa 40 kPa 46 kPa 50 kPa 50 kPa

Rl LIk CWRpHRETD 28 kPa 34 kPa 40 kPa 44 kPa 48 kPa

RELIR PRGN 1 IR 28 kPa 34 kPa 42 kPa 44 kPa 46 kPa
RELIRPRIEIA 2 IR 28 kPa 32 kPa 40 kPa 46 kPa 46 kPa
RELIR PRGN 3 IR 26 kPa 34 kPa 40 kPa 44 kPa 46 kPa

& 4-1(b) 2/ 2 K&k GkA 3 K RARME IR 69 R L 3% BAL
Table.4-1(b) The shear strength of shoulder slope after two freeze-thaw cycles and three wind

erosion cycles

R 2 e S
FH 5 T [ 3246 225 P 350
MR E

5mm 10mm 15mm 20mm 25mm
PIG{E 36 kPa 50kPa  54kPa 56 kPa 56 kPa
Uik 2 YCJe (WD 28 kPa 38kPa  46kPa 48 kPa 48 kPa
ARSI 1 IR 26 kPa 34kPa 42 kPa 46 kPa 48 kPa
GRSEIRIRIAIA 2 IR 22 kPa 32kPa  36kPa  44kPa  48kPa
Gk LR IEA 3 IR 20 kPa 28kPa  36kPa  42kPa 46 kPa
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% 4-1(c) 27 3 KA aaAe 3 KRG HE IR AL R 0 3 5% F AR
Table.4-1(c) The shear strength of shoulder slope after three freeze-thaw cycles and three wind

erosion cycles

R = Sk 2 !
FH 5 T [ B 2 P 30
DUARIR
5mm 10mm 15mm 20mm 25mm
LG E 28 kPa 40kPa  48kPa  52kPa 54 kPa
URRL 3 YR (RIRHT) 18 kPa 22kPa  34kPa  42kPa  44kPa
ARSI 1R 18 kPa 22kPa  34kPa  44kPa  44kPa
AREEWRURIEIA 2 IR 16 kPa 20kPa  28kPa 34 kPa 38 kPa
GRSEIRTRARIA 3 IR 14 kPa 18kPa  28kPa  34kPa  42kPa

AR5 I RE P A U A 2% I R ) s B Wi R 4-1(a)-(c), ARtz
LA FERREIER, BB 1R 2 k. 3 RIEHIPER- - AT DAL H
SR A H 5T ) B A PR 98 (R 0 BY i PEE ARV I R E R AR A 1 DL 2 B 4-9(a)- () BT

60

(kPa)

T

o b - - —e— LR (KD
I § 3 —a— JREIR PRI 1R
: r | —— AR 2
I
5 10 15 20 25 30
AR FE (mm)

11 SR S
0

(@)
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(kPa)

T

30 |

i —— YIAE
I —a— GRELIR PR IG IR 1IR
i : 1 —+— YRR EFR 21K
10—””§HH;HH—v—éﬁé@éﬂk’tﬂﬁﬁﬁwt
0 5 10 15 20 25 30
FKAF- I BE (mm)
(b)
~ 60 ———
[av} L
(ol L
= I
B0 Lo ]
[ L
A0 [ e ]
0L S ]
i —=—YIIRE ‘
20 L —e— IRRI3IUE  (RETD
I —a— AR RN T
i ‘ | —— QRLER P EER2 IR
10—”“1“”;””—v—éﬁé@éﬂk’tﬂﬁﬁﬁwﬁt
0 5 10 15 20 25 30
ZKAF MR BE (mm)
(c)

B 4-9 AR 3 EAL G K-FRKEE X R B
Fig.4-9 The shear strength of shoulder slope along the horizontal depth of the test

i 4-9(a)-(c) s, MRAEIGEE M2kt 5t 2k, FRATAT LLE H P ok il 2o ik
AT SRR TR R A0t 1k, 2 ke 3 IRINRRMIEIN f5, B EEIR Ak
T 7P IR B2 ) AN A5 e B o A PR O R T A LB AT T AR . B BB 24
R RREAIEIAE TG HUBY 9 B REAR B A, o L BEAE R B BRI 3 0, BT 9 R A A
FEAREINK

LI R A 2 52 VR L 9 AR R PR, A2 R REURT X ) A2 4R e T i B8 4 8
FEAG, HAEAA R AR BRGSO, BEE AR IR B N, B 3508 (£ VR BRI 24 151
15 B FEGE L 0 B AR SRR, Wi BN, o B2 PR &

AR R IR 25 R v, EZId 1R 2 IR 3 IR 5 5 BT AR L,
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W& PRI TN, i B 3BR MBI /KT ) A SE AR 25 R B0 25mm (S Y, #5-
SR I 9 AR IZ AR o = 2 i 2R K TR 2 1) N S AP IC S, B RS R 2
SR PUBY 5 AR P AR PR R PS8 5, A S e T ERL O 470 9 o P2 A e (UG ) 8 PS8 T /) »
BACHIHKTREE Y 25mm I, HT5Y 50 5 B AR A E LA AN o BB AE S8R Ak KUk AR
P R 7K ) A SE AR Tk 55 » - FLEZ MR EE T AV D52 25mm.

L LB A3, 3RATAT LU R R PRS2 B8N 380R Tt XU 0 52 i 2 38 i
PRSI, BIE g RE350R A B 35T 7] A SEfeR JXUP A/ Y (R S k95 it 1 A
RE, KGR HIT (H OB & D,

2. AREIKETY 1290 B bR AR 9 5 (R T pe A

PAEAAE KR 12% 911, X B3 b2 8T 5 B A S oA EAT 20 A7 o ARFE I
S0 5 (1 B LI P b R AEA (R R R AT A AT X PR A A A 2 B 8O T  ph 398 T i 6 2 A 5
I 9 A 7 5 KT IR 5 22 1 il ] 4-10(a)-(c)-

200 A S —e— VRRRLE (WD
i 1 : —a— RSP EIA 1K

—— ARELR B EA 21K

—— ARELRII A3 IR

20 F
0

5 10 15 20 25 30
KPR B (mm)
(@)

! | 3 —— WIIGE o
20 foos e e —e— VRRI2VCE (IR
i : : —a— YRR PEIA 1K
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(b)

—e— ERIBVE (DR
e SRR 1 1K
i 1 | e BB ER 2R
N T . 8

0 5 10 15 20 25 30
FKAF- I BE (mm)

(©
B 4-10 3P B R AU 5 BAR G KRR IR R X R B
Fig.4-10 The shear strength of upper slope along the horizontal depth of the test

AR AP a0 A5 A0 P R, BEE XU PR R 1, i 33 b b 2 AT 7K T
[ A SE AT 2R BE D 20mm (S, %00 A B T B s FEAE BT/ . = 25 2RI 7K1
IR P 170 Y AR TS, AE /KT TR PR 20mm I, 70 BY 5 ARG F e 75
AR . BRI R B )R, KU P RS ) P SE A ek s, HL LR iR T
A 20mms,

AT o it A R O A XA e A (1 A, 3RATTRT DU R R
SO EEANAISJR,  Ti0 KURE P 2 AR TET [/ P9 S A HY9 Y

3. BAREIKETY 129000 % T30 N 2 BT 9 R T IR

PAEAR S 7K 12% 091, i 3087 R J2 0 BY 9 B A S IO E AT 7 B o AR
B8N0 5 FAY s B3 TP S JEAE AN TR R B AR XU P AT B 0 2L A R T e B ] 3 5 P
HIBTBT 9 AR « 5 7K-F IR 2 1 B3] 4-11(a)-() BT :
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Fig.4-14 The shear strength of lower slope along the horizontal depth of the test
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AR U p i B0 75 L B b 2P 0, B XV R, 3 T 2 I I 1) P
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4. EAREIRERTY 12%I0F H LI R AL AT BT 58 82 1Y) S YA A
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r i ; —=— YIUR1E
20 L S SRS —e— URAI3 U (R ’fi‘HIJ)
- 3 3 —A—QI_/&” TAEIA {/\
—— 4% WX’EHMEH 2{/\
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Fig.4-12 The shear strength of bottom slope along the horizontal depth of the test

AR RVt B0 A5 ) Hl 2 T SR, A PRk B, 3 e 5 A AT [ A S
FIREESy Smm A, 200 A B DT BYT 9 BRI/ . = 2% H AR /KT IR
[ PN AR AT IS SAE K TR BE A Bmm 26 A7 o U5 B 7 B 3 355 B AE U/ R ER 3
T AT 1] ELAZ AT gS ,  JF BRI N HI34.

R DALt B AR AR 5 /K 20 129606 (O30 « 35h B2 L 38R R R AN B By
500 TR I 70 B, FRATTAT AAS Y PR 2518

(1) g URa G, AR HT oY o B AR BRAIG, BB R Bk v 18

FLpT By o R AR A IR G K B OR « rh B B R R AR Y R e =

VRRNHT 95 FEAEANZE 77 3 VRVRRMIEPA i o BEAEL AT PR, i BR300 2 Uk Rl FH AR S 5\
%, HUOUH EEMAXEE, BOOET TR, SR REE . HE
WRAE 28 RS R RATHE, BRILZ 2R A PN 1 A AR K 20 BT R RS
P ARG R ARG, BRI b0 R A PR IO 2, T B R A
5 BEAE PR AIRME BEAS K

(2) BRFELART RN, woE R AMAIRGE, BI2d 3 RAAE
R, BEEERJZ W s g™ B, IR B 17 Y A AR P i i i/, B3 e IR
FEW M AT DL AN T o A5 R Rl RUiaae 4 AR, BR RIS XU E W12, S
RIZON HIT, H BTN RUBN,  SEAE R EEm /s, FLREIRIR N HI34.
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4.3.2 AEIEGKETEREBETLNE

R 4. 3. 1 BRI A5 IR, B IR AL 20 52 VR RlFH R ik 52 5 4R et/ P #5922 2 e
N IR WIS Z B, i A FEEKER (4%, 8%, 12%. 15%) A
FEABRY AR 205 e ANA AR BT KU (R BRI 3 TRANZREEIR Mg 3 3 10 E & 1R
ERE, SR SU8Y R AL . RIS o R B B AN 3% 4-2 PR

k 4-2 R A KETEN RAAFN KGRI T A2 005 0938 R R 5% 2 A4

Table.4-2 The shear strength of shoulder slope of roadbed after freeze-thaw and wind composite

erosion under the different moisture

R E S SUb e Y
T 5 T ) 4% 3 A 35
R
5mm 10mm 15mm 20mm 25mm
VUG 1E 38 kPa 50 kPa 56 kPa 58 kPa 60 kPa

4% Rl 3 K g (WiET) 36 kPa 48 kPa 54 kPa 58 kPa 60 kPa

P 3 IR JE 22 kPa 32 kPa 42 kPa 50 kPa 56 kPa
WIGEE 36 kPa 48 kPa 54 kPa 58 kPa 60 kPa

8% R 3 5 (WRPhET) 30 kPa 40 kPa 50 kPa 55 kPa 58 kPa
kLR Dh 3 IR 5 22 kPa 32 kPa 40 kPa 48 kPa 54 kPa

WG 28 kPa 40 kPa 48 kPa 52 kPa 54 kPa

12% Rk 3 5 (WRPHET) 18 kPa 26 kPa 34 kPa 42 kPa 44 kPa
kLR Dh 3 IR 5 14 kPa 18 kPa 26 kPa 36 kPa 42 kPa

WIUHAE 38 kPa 47 kPa 53 kPa 56 kPa 58 kPa

15% URAL 3 G (WRPhHT) 28 kPa 38 kPa 44 kPa 48 kPa 52 kPa

Rt 3 IR G 24 kPa 36 kPa 42 kPa 47 kPa 52 kPa

fumd

MEIKEN 4% 8% 12%- 15%H, 432zl AN [F] 55 7K 2R 1 i B 30 B Abpi By
o FEAH 5 /K IRAIR B o R an ] 4-13(a)-(d) T -
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Fig.4-13 The shear strength of shoulder slope in different moisture content with horizontal depth of
the test
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