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DISSECTION AND ANALYSIS OF SETTLEMENT OF RUBBLE
VENTILATION EMBANKMENT AND CRACK OF ORDINARY
EMBANKMENT IN PERMAFROST REGIONS

WANG Xiaojun' %, HAN Wenfeng®, JIANG Fugiang®, NIU Huaijun?,
CHEN Wenwu'!, WU Xiaopeng?, LIU Baosheng?
(1. School of Civil Engineering and Mechanics, Lanzhou University, Lanzhou, Gansu 730000, China;

2. Northwest Research Institute of China Railway Engineering Corporation, Lanzhou, Gansu 730000, China)

Abstract: The permafrost experimental segment is located in the region of Qingshui River along Qinghai—Tibet
Railway, with an average elevation of 4 470 m, mean annual ground temperatures between —1.40 ‘C and
—0.46 °C and permafrost table in the range of 1.5 to 3.5 m. It was begun to construct in September, 2001, finished
in November, 2001. The many longitudinal cracks of roadbed emerged in succession in October, 2002 or so. for
the sake of the research on the reason of cracking of roadbed and the larger settlement of rubble stone ventilation
embankment, the cross-sections of DK1026+630 and DK1025+583 were chosen to dissect in May, 2003. The
basic conditions of roadbed after excavation were really recorded, at the same time the field and laboratory tests
were conducted. The settlement of roadbed and the regular pattern of cracking were also analyzed. Lastly the
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settlement of roadbed was theoretically calculated. The above results indicate that the settlement of roadbed is
composed of both the compressive settlement of roadbed body and the thaw and compressive settlements for
frozen subgrade under the external loads. Because the compaction degree is an even and good in two cross-
section of roadbed, the settlement of roadbed primarily consists of thawing and compressing deformation in the
base strata. The calculating values of settlement of roadbed are basically in accordance with real measuring ones of
that. The crack in cross-section DK1026+630 pierces through the roadbed body and belongs to thaw-settlement
fissure, which is caused by differential cross settlement of roadbed that is formed on the basis of thawing and
compressing settlement in weathered marl under base surface in the sun side of roadbed . Since the rubble can
adjust the shape of artificial permafrost table and control the differential cross settlement of roadbed, the rubble
ventilation embankment shows a larger settlement in the initial period of completion it without thaw-settlement
fissure.

Key words: soil mechanics; Qinghai—Tibet Railway; rubble ventilation embankment; settlement; ordinary

embankment; crack; dissection and analysis
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Fig.1 Longitudinal crack of roadbed surface between
DK1026+590 to DK1026+684
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Fig.2 Comprehensive analysis of cross-section DK1026+630 of ordinary embankment

# 1 DK1026+630 Wiifi JF2 i il 4
Table 1 Excavation conditions of embankment cross-section DK1026+630
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# 2 DK1026+630 Wit = ik ae 45 5
Table 2 Laboratory test results for embankment cross-section DK1026+630
) Pt S
BRARTE 535 5 1%
ol S SRV
HRLAHR HURRREm RRKTHE RgKER
~40 /(g + cm ) 1%
mm 40~20 mm 20~10 mm 10~5mm 5~2mm 2~0.5mm 0.5~0.25 mm <0.25 mm
0.60(# ST LA ) 8.4 26.5 13.2 11.5 8.9 14.7 9.2 76 2.27 42
1.08(H 2111 LA ) 11.7 16.0 14.3 15.7 11.2 19.5 7.6 4.0 2.27 38
1.80(HHETHI LA ) 19.1 12.8 9.8 13.1 10.5 19.9 9.3 55 2.17 36
2.70(HHETH LA R) 14.8 12.8 13.2 15.2 11.2 19.2 9.3 43 2.21 48
P 0.50(E M ) 8.5 40.5 17.0 34.0 1.79 175
%3 DK1026+630 Wrifi DLz it s 45 4
Table 3  Field test resiults on embankment cross-section DK1026+630
‘ BIKEI% T g + om ) \ -
HORH I+ 4 B IARIR B m RS A2 5 WA
S SEHME SEME SFEIME
FARE 0.0(%FE I LA T) 2.8~3.0 2.9 2.05~2.15 2.10 0.93 0.60~0.80 2 4k
Pk 0.5( BT LA F) 3.0~4.8 3.9 2.09~2.22 2.16 0.95 0.76~0.92 5 4k
fik+ LO(B LML T) 3.8~4.0 3.9 2.11~2.22 2.17 0.96 0.74~0.92 34k
fik+ L5(HIEMLLT) 3.8~5.1 45 1.93~2.17 2.05 0.94 0.80~1.00 4 4t
iR+ 2.5(FETH LA ) 4.0~44 4.2 2.05~2.27 2.16 0.98 0.74~1.00 5 4k
iR+ 3.5(FETHI LA ) 3.0~48 3.9 1.95~2.03 1.99 0.90 0.70 6 4t
bi k- 4.0(HHETH LLT) 2.2~5.0 36 5 4b
BRI 45(H LT LLT) 11.8~20.0 15.9 1.70 1.70 7 ik
AL 5.0(%FE1i LA F) 14.6~33.8 24.2 1.46 1.46 74k
&k 5.5(BFE I LA T) 36.4 36.4 1.32 1.32 34k

SRR T 5 KRy 2.9%~4.5%, [ AR
X85 243 SIAE 0.90 A1 0.70 LA E (LK R A1)
I, SIS K RAE S AR A ARG, HLR S BRI AH
X AL (RSB ETE) (TB10001 - 1999)F)
TR KSR R LR 34 B ARAE 2 i 0.91, 0.75 Al
0.89, 0.70 HZisk, P%ILESDRAL R LT,

T2 5 RISE IR R GG M i 26 R A= UL T, B
T 2 B TR AR o A DA 5 22 A I 5
A0 TR AR B THT 2503 28 A Dy 1% R A SPLA 117 8 K R s
M4k, TFH2 G SE B ah 3 R i b 2 W3k 4.

T3 T R AL, B R AR T B A P A )
2.9 m, Z44% ph i LR I 48 I i L P S8 I T A
(LI 3). BRIELM T 1.1 m uREVa N, Rgshinr
EOT, F44ETERE 20 mm; BT R 1.1~2.6 m R
I, 2425568 10 mm AiAd, 48 FE44% 5t 5 mm

Fa JHZ )G SN G IR FE R
Table 4 Real settlement of original embankment foundation
after excavation

o I8 (R R AR M THI A B J5U 06 L TR I R i fmm
PR PRt 37 18R 350
FHAN % )5 275
IR GEAL 275
BRIErpL 275
[0 % )5 225
B Rt 8 225

B 2 mm LY. BEVRFEIGIN, FREEZ WA A
¥, ZIFHIIMANR K, G041 s 350 mm, 4%
fiff 79°~81°, I BRHREWT I [ FHANAMIT. R AT St
T LA VR P R 2 48 A T EEORURDIR UK it T 78 1
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MWK 4 FIE 2 el LS 20t 18 M H, %
FEFLO I T AN R R ) B 85 PR AL R U0, R
KUtk 350 mm, PRSI IMALAEAT B PIE 2
M 8.2 my ZoiIE ~ A Y R P R DT R
275~225 mm, L KUTFERAHZE 75~125 mm.
3.2 DK1025+583 KrEfZ&l{g

AL S Sy (AN R R T TTINEE 37 YN A
B N B PR 2SR T DL 4, S DL

3 DK1026+630 I [fii 4 i Z44% 530 4 Ha A4 R#S, ERNAHERERARG, 7.

Fig.3 Longitudinal crack penetrating embankment body in M6, 7 AT EUE B REORHE e bR Bk
DK1026+630 section K 2.8%~4.0%, KT #EN 2.17~2.19 glem®,

3
S D
o) en . ¢
g M
200345 A27H |5 <"
ERBARE .
AT TN T SR TR - i o)
T | 0003/// S
pint ] B ZhEE
‘ ”é —05 MEER RS T4
‘/ﬁ'sjf(zig LEA RS 2002 4 A LR
2003 % 5 — I
29 H %6 % KEEM, m ® WkEL @ &LkE
RERAL: C ® FkAEL

4 DK1025+583 {7 A1 HE W 1f 25 5 70 BT €]
Fig.4 Comprehensive analysis of cross-section DK1025+583 of rubble ventilation embankment

%5 DK1025+583 Wik T2 &

Table 5 Excavation conditions of embankment cross-section DK1025+583

FrzTT A FERRY U T S AN FHZRE/Im (LTINS
LO(BHETH F) THE% 5
AT AU 42 1.2~23(8AEHF) B 2.3 m. EgAEol 1.2 my B 1.5 m 35 B R RALAS S
3.8( LT T) TP L TATAL SRR X e kAR
JRITIAR T TK-1 e AL 10 m R AR 2.5(RAAHLI ) FEARGURML IR E ) 0.65 m, EBRY 1.85 m
P TK-2  AfRKERSh 5 m RRMIT  3.0(RAMIT) AHRYTLIRIE % 1.00m, EFE% 2.50 m

# 6 DK1025+583 Wi 4 P ik 5 Hdh
Table 6 Laboratory test data on embankment cross-section DK1025+583

X bRty
TR S %
BURLZHR IR Em BRTHE BAES KR
>40mm 40~20mm 20~10 mm 10~5mm 5~2mm 2~05mm 0.5~0.25mm <0.25mm /(g*cm °) 1%
0.3(Bx AL A T) 201 13.8 15.0 15.1 9.2 15.7 75 36 2.17 2.8
Rt 2.8(%IEMILLR) 4.0 23.7 17.6 12.8 8.8 16.7 11.6 48 2.19 33

A5(FIEIHILLT) 159 16.1 12.4 12.5 11.0 24.4 5.6 2.1 2.19 4.0
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Table 7 Field test data, compaction degree and relative density in embankment cross-section DK1025+583
FIKER % F# (g + cm %)
BURMH L T 4K IFER B Im HRS AHR 5 I 5
SiE S S SFREIME
bR 0.0(# &1 LLT) 2.3~35 29 2.12~2.20 2.16 1.00 0.88~0.97 3 4k
Pl LO(HHETE LA T) 2.6~42 3.4 2.00 2.00 0.58 2 4k
il 2.0(F AT LA R) 3.1~5.2 4.2 3 kb
bi k. 2. 5(H4ILTH LA R) 3.9~5.0 45 2.13 2.13 0.90 3 4t
Pk 300 AETH LLT) 2.8~3.4 3.1 2.12~2.19 2.16 0.99 1.00 34t
piikii 35 AL LLT) 2.8~3.4 31 2.16~2.22 2.19 1.00 0.88~1.00 54t
b 6.5(% LM LA T) 12.8 12.8 1.70 1.70
TR 8.0(H LI LLT) 18.7 18.7 1.80 1.80

TSR 1) 5 7K F0 2.9%~4.5%, [ 52 B
AH 5 P A/ ) E 0.90 F110.70 DL (%L S 1.0 m
AR ERAN) . PRI, S K AR A B A S 7K R
HL s S MURH 0] 3 B0 2 R B i R e T V)
(TB10001 - 1999)®If 255k o

4 BRERERESITSRMETE
4.1 HEEHAE

I i 4 A T B R IR AT oy S, R
SR FE VR RS, LR DTRSE 5 FEVR R AE W3 8.

* 8 RIIREE Y TR RAE
Table 8 Properties of thaw-settlement crack and frost crack

iz P Rk .

eS| P8 I ] FRIRFAE
gm;f?ﬁ%f HEEGIE 10~40 mm, KJ¥ 10~
e 5 I g K e (e 50 M URIEBE, AR V7
gmazgﬁﬁyl&ﬁg)&L%%E%&E%u%%u&
; T O R Z¥ (ER G & T NE

Sims W R R T
244555 B 5~20 mm, K 10~30 m,

& Z5 0 B A
SRR T RS BN S A
25 2% 6 ey 5OM W VY M, WA
B s ey T BURBSERE, SRS,
4o ™ m%ﬁgiﬁ ppy  WATOREHRSE, B
KRG, T H o 0 B S AT |- B
s PAIRVZLEEZ A TRSERRIE YT
S i b RLBSEIIE AR |
M 8 AT LUE

(1) IR REERF LI AN R RUTRGE R
TERETE, VAN ZREE N T, FERREE R LT,
B Ghi, R REEAAT, BRFa G KB
RO A 1) 08 K T TR R R4

(2) PIFPZLEEREAE DIR[0 . DT Z G R 9E
R R 2 A T IS - B Ay |,
RSN VARET

WA 8 Pyl (RS FEAE, W LA E DK1026+
630 Wrifii 2448 8 T ah i st .

4.2 BRETPEFNZLLERE ST

% S R T R 4 R U 1) AN AT B e A 1
E R v A7 SN SRR IS 15 4 E I A= 8 T g )
TEAMA A FHTN B8 FE A I e 25 T B AR IS DA T |
22 01 s 55 R Rl A 3 B2 795 s 2 4L, e T
HIZE s O B AR ARAE IS DL T, AMardiqR
AT TR I e SR R T FLERAR
%57, AR AR AN BN = AN S R
P ELYURE R 2R A T HUE I R AR TE Rl 1%
B BE M AN TR E AL FBE AR, AMUTETI )2
A B (b A, i ELE I AE TS R AR M T
INEE T — 22, FLE T SGE EOR, i
LN T R AL T, PR, AEEE
AR O B8 (1) ML 37 VA Ry — AN, fERRIE
HEMN IR, 3t 2 4% R R
DN S L Sy ) 8 M) G A P17 7 O i R Y
LUK, el T B [T A 52 281 A BH % 555 00 4 () 2 B A
), A7 S bt 37 WA S (R AN AR, s Bl ol
DUREAS TEAERE AR 2 A AT . BRI A S RS
PR BITHI AR K, BRHE T 240 - A EBRANS
PR, fEEEMEHT, PO EAR T, fekhr
I I R B BBk T — 5 5 BE P A 1) ),
DL 23 M AE DK1026+630 B i 1 filt 37 45 S 49 3] 17
WEH). {EHXFT DK1025+583 Wi =, M A
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PR EBRTEAS AN H B EEA S AR TR AR,
Prih, A daAe BIRERMERT, AR
DUEE, (HAER TYIARINH B RITIR . &
PEHIAR, DK1026+630 Wit Ik (1) 2= 15 1% 50 J2 He %5
2 A R L Rl R TS 1R B R SRR T R R
225~350 mm, “FRJyilEEh 288 mm; BRILELKAE
PREE L BE SRR TE A B AL DR R A S
PR ERIURPST /AR ERD I TprAES SN PNAAE S AW O i 8
5K, A 350 mm, BN T ) B 1) R 8K b T 7 5 Ak
DUk IR/ 225 mm. MK 2 nTDUFR Y, 7R RS SRERH
W P, 2003 45 5 H il il 2 [ 437 A it 5H 1
B S TR, HRUOR SR BE e ki i £ 52 IR AR [
ek, N EBRZARAT @&, A AR, BEEE
4.2 m, LRGN E S BORUTREA BRI 2
8.2 m. YU ZE N 75 mm(ILEE 4). B e Z44% 50 M %
FERAR R T NIAGR NS ERIE AR, v 5
LR IMPYLE T Ny 38.4 mm, ELSZIME 20.0 mm
K SEBr b, BN P8 I RS0 ] P MBS R T A 2
BTN E2 Y VY C A TP =1 B (R AP 2 ) 2 P S D e
AR L S R B s 4 R o T T A 1) Jirt DAL e
1o ERRUL BRI 28 T ik e b, 2
ORI, REERERAR, RFKGEKA, JEHB
BEREV M A A 7K 43 B A A T . BRI,
TR 2 0T R R B R AR Hb T T e A X
Ay Rl Ak Hs 4 1T 5 | RS B R AAC AR [r) AN 38 5000 P 3k e
i
43 BRESTREITHE

HT 42 WM TERCE, X DK1026+630 Al
DK1025+583 W[ % 73 |2 i FINEREAT T i kb
AR, )2 BANET SR MR TR S

S= vai pih (1)

i=1

A my MRS AR R 48 R 5 (MPa ™), p,
H AR AN S(MPa),  h AR E R (m).
R TEMRAERONE ST KR w=300%, JE
BEHE 100 mm FIVKGEBEAR . IR VK S SRR 7
FokIez, AT AT S A s A B
S=ks )

A k ALK FRE, M w = 300%~500%FF, I
k=0.8~0.9, 34 w>500%I, Bl k=1.0, MR
B k=0.9; SHhUKIZ IR (m), % DK1026+
630 Fil DK1025+583 Wi, §737/HX 0.15 F10.10 m.

PRI I S DT R T S B A R AR 9, 10,

# 9 DK1026+630 Wit s FE Vi Bt 5 S5 % 45
Table 9 Calculating parameters of settlement and results on
cross-section DK1026+630 of embankment

BILEE R R TEE AKE S my TR

Im fgecm® /% /MPa' /mm

Lz 1.00 2.14 357  0.00 0.0
IS NN

TE 3.20 2.07 405  0.05 9.0

HPE 050 1.70 1590 0.24 115
W) }

WK AE 140 1.46 2420 075 1191
WEHET 150

= . = =0.9X0. =0. R

mm Tk ik VKiKJZ 015 S=k5=0.9%X0.15=0.135m 135.0

T () my A L TREHUTHZEMTE) (GB50324 - 2001)M
# KO03-20 3K (2) THEMEKERMIMPIME, FERM.

# 10 DK1025+583 Wrifii i L [ v 5 2 M M 47 2R
Table 10 Calculating parameters of settlement and results on
cross-section DK1025+583 of embankment

N JEEE TEE foK®E S ma TR

B YT R im Kgecm™® /% /MPal /mm

Wt)2 450 2.00 34 010 209
PRIEA AR RA)Z 150 2.20 0.0 0.00 0.0
HHZE 030 2.00 3.4 0.10 3.9
b2 1.00 1.70 12.8 024 340

EB A

WP 145 1.80 18.7 024 580
WEE 100,
. vKiR)Z 0.10 90.0

DK1026+630, DK1025+583 K [f i ik Jo JES 1T [ i 52
TUSFEME 3590 288 A1 175 mm, 5 HAHMN AN
274.6 11 206.8 mm JEA—2, PiHH TR IE E F1 2
B MR BULFEA LM . Rk, ZEF X
YU AT DURIUZ b oF 87 VAT YID 3 v 5
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