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Abstract: Motivated by the practical application of cement-stabilized macadam to high-speed railway subgrade in cold regions,
a series of tedts are conducted using an integrated method learnt from an evaluation system used for semi-rigid highway
foundations considering the characteristics of high-speed railway subgrade in cold regions. The compaction results, frost-heave
property, permeability, freeze-thaw durability and shrinkage property of subgrade macadam fillings influenced by cement
content and grain size composition are deeply studied and analyzed. The following results are obtained. The compaction
indexes of cement-stabilized macadam subgrade are satisfied or exceed the compaction standard under the tested compositions.
The lack of large-sized soil particles weakens the frost-heave sensibility, improves the permeability, and reduces the
compressive strength and moisture stability of cement-stabilized macadam samples. In addition, a mixture of cement effectively
compensates for the reduction in compressive strength and increases the shrinkage deformation of cement-stabilized macadam
samples. The compressive strength decreases with every increment of freeze-thaw cycles, and then levels off after 10
freeze-thaw cycles. For the engineering practice of high-speed railway subgrade in cold regions, the cement-stabilized macadam
with 3% of fines and 3% of cement addition is suitable for the subgrade without any demand for permeability, and the
cement-stabilized macadam with grains greater than 0.5 mm in size and 3% of cement addition is suitable for the required

permeability of subgrade.
Key words: high-speed railway subgrade; cement stabilized macadam; cement content; grain-size composition; engineering
characteristic -
HEWE: WALESBIRRAA B (BJ2014050); H [EEkH & A
P (2014G003-F)
Wis HHA: 2016 - 09 - 17


mailto:wangtl@stdu.edu.cn




%123 ER5E, A KB AR B TAT BER R AR 5 1) 2181

0 3l =

IR S AT 7 A R B LR R 5
FHFEAETFUG TP g lX , T2 e AR SO B HhIX %
FE DR A R O I 5 P S5 A R e R A 33k
T T KRR A B e e R X Ak I W
PR JE IR 15 IR A 7 A Ay v
BRI RS, T BT TR, WA, s
A I B PR 2, AR, KRR A 2 SE K
A S P (IR 9 A 8 EL R S
B/, SCHR[2, 4, 5] 2 DLy e PRI VA
J6b5, BT ZISkEEOE, A TR KRB N4
WAL

T AR R A A o T B B S DR P £
FI, SUAE N B R S U )32, RIS R
BRI, HET, PE SR BT S 1 T
B KRR AT SRR, R SO AT
RUKV B, $H T B 4 s K Je R B A S
B, KRR WA R RIS TS BT A, %
P T PR HT R SR « IR HRRE . 54 Bk
TSI o L Y R A A Y, L R
RA. T4 R A T S K S e WA
TR B 5 R (O SPAHERR, BTV R D 2 4, 3
SR KRB BRI, BRI, F )
ST 13, ZEge X TR R R, SR
VRTBE ATE CEOBRATTRIRIE ) Bl T PP AL
SRR, SRS R A K VR R A 1 S v
BT 1 B B SR AP I P 5 B ST 448 T T
(BRI T3, 3T B 52 3 VR Pk AR 7
Vi FUAT 49 T TR SR R S

YT iR, A Y A B KRR A T 5T
VEFEGE A SEIX R R B L (O 1, % HR R SR
VRIIKER . BB R VR AR T R g
6RO RIS BRI AT S0k 2% e S D 1
WHEE, TR0 H LK Ak R K Y R WA PR 1 2
KRB ORI, 2D B S X ek
B KL K [ B0 S o

1 REMRIEIRE R
1.1 REEAHH

TR A [ R T8 BB e B0 P R
FAEWE RIS ARE (B 1), AR R% C<10, i
REAK Coly 1~3, KRR,
1.2 REAZE

B K Ve e e WA SRR VR EEPE . BIF5T 3 FhuK
Ve E (0, 1%F1 3%), 3 F 0.075 mm DL R4k & &
(0. 3% 5%) F1 3 Fp 2 frFkife (0.1, 0.5, 1.7 mm)

AR Y6 - ok i SR A1, Bk 5%, Hir,

AR5 Gy Rn/KleBa R x (0, 1%F1 3%), H.

0.075 mm LA N4k L& 54y (0, 3%41 5%); ikFf

Gy CP,KRKIEBEN x (1%, 3% 5%), H.2:

FrdEkife z (0.1, 05, L.7mm) LUV ) 1k
100

80 ‘l

60 -

40

INTFRNBEE L%

20 e

(1)00 1I0 i 0.1
TORLAL A/ mm
B 1 R AREEAMHRARES R
Fig. 1 Particle-size ranges of permeability-graded macadam
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Fig. 2 Apparatus for compaction tests on macadam subgrade
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Fig. 3 Apparatus for frost-heave tests on large-size particles
(3) BIENERE VRRRIN A FR T4V Re I .
BIE BRI AR A2 300 mm, /& 24 550 mm:;
T2 REM IR 1 550 mmxBE 150 mimx
150 mm AR RERIE A PRI R H A N
150 mm, =N 150 mm, SR FH B} AR BRI R 1)
JNEVARRFE K 2 AL R . MKIROSCHR[16, 19 F1K
e R, URmbi A rENRRIKFEZ ) 1, 5, 10, 15, 25
R RIAIEER i (1098 B2 1 R o

2 [ESRHFME

SR FHASTLL R i 6 B3 T S o i M ke AR 3K
VeReE A P ISP BRI SE R, Wik 1 R, 7Kk
R WA TR 1) s S 5T Sl F R b (B T A
JRSE R PRE N 2~3 %, AKIE B I st s 7
PEAT TR R SRR, RIS AT F b {2 o dzg i sk
CrRrs Bk B B TR S0 vy Ak B i L 3R R R
TR R . XU B K e s WA B B e i
PR SEPERE
#z 1 EXREMAERFEIT
Table 1 Results for compaction tests
. SRR 3]
R ans03F3csm?giéiis03PL7C5PL7$ié3%
Kyo/(MPam?) 525 1273 881 1240 686 752 190
E./MPa 265 1181 685 1590 594 631 120

Ev/Enx 213 233 249 343 234 221 —
Evo/MPa 79 235 187 285 154 223 55

3 RERFFM
3.1 REFH. BOLITRSH

2 YRR R e R P L B A A I . g 8 )
4 Ffis (0 em &b BER, 70 cm ik A ). I 4 1)
I, (ERTIRES SRR, BEBVRBERORA N, SRR
VL WG ER T, LA 5 B3 S 45 A ) i A
R, gk R, KR E K. B S E
BRI IR S, EWILGRI N AR MR A R R AR,
YA TG R R AR R R IR R . Rl
P FBEM, i 5 R RS AR AL I i 2R ) B T

HIE 5 AT, 2R VRRAT S A I it il 25 S I
SRRy, X5 A K AR Lt R A
WRREARZE 90° ARMTZE (B 4); P, HORA U
Tt vk o BIRELRE A A U — B, R R dp K AR
R I S — R F e

20r - 70cm "=~ 63 cm - 56 em
——49 em - —42cm —-— 35cm
151 —---28 em - 2lem . - 14em

120 180 240 300 360

it [ /h

4 ZRFERNIIEP TR RERIRE B F2 i 2%

Fig. 4 Time-history curves of internal temperature of samples
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Fig. 5 Time-history curves of freeze-thaw deformation for
aggregated macadam with different particle distributions
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Fig. 6 Curves of frost-heave ratio vs. fine content, cement content

and particle-size composition
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Fig. 9 Shrinkage coefficient of cement-stabilized macadam
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