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ABSTRACT

ABSTRACT

ABSTRACT: Consolidation is one of the most important issues in the research of
composite foundation. The paper takes the subgrade in Jinan-West railway station of
Beijing-Shanghai high-speed railway as the background, meanwhile, through using the
datum of geologic reconnaissance and the data of on-site settlement after observation,
studies and analyzes the characteristic of consolidation of the composite foundation
compounded by pipe pile and CFG pile. It attaches some importance for us to control
the post-construction settlement, and to conduct instruction for the construction of the
homogeneous subgrade. The major conclusions are as follows:

1. The settlement features of the four sections are as follows: on the main line ,the
maximum settlement is shown at the interface that has been reinforced by PHC piles
and CFG piles, where the settlement depression is found. In throat zone, the maximum
settlement is found near the center of subgrade after the preloading has been completed.
In the station , the maximum settlement is in the composite foundation which has been
reinforced by pile-net with short piles. The shape of settlement curve in the transverse
direction is shown as a mitigated W.

2. The excess pore water pressure features are as follows: the value increase
fluctantly as the loading increases, and dissipate in the preloading period. The maximum
is found in the underlying layer, though it is not in the same depth. Generally, the longer
the pile is, the deeper it is. However, the feature of the measure point found at the slope
is quite different. The depth of maximum value shows at the slope is quite the same as
that shows in the center of the subgrade.

3.The minimum consolidation degrees are all found in the underlying layer. And at
the same cross section, consolidation degree will be larger where the settlement is large.

4. The results of numerical analysis shown that when loading is completed, the
maximum settlement is found at the site of reinforcing area with 15m CFG piles, and
the maximum excess pore water pressure is found at the site of underlying soil layer
with 35m PHC piles. It is the same as the results from test. After a year’s preloading, the
settlement has shown an increase of 5.43cm and is tending steady; the excess pore water
pressure has decrease to 3.795 kPa, which means the consolidation settlement of the
subgrade is tend to be steady.

5.The thesis verifies the rationality of the FEA model by comparing between the
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datum through practical test and the result through numerical simulation, that is, with
observing the settlement curve, the main trend of the two is the same; although the
settlement is slightly larger than calculation, they have a sound inosculation. Through
calculating the consolidation degree, the paper will give some study and evaluation to
the composite foundation. By analyzing and contracting the datum and the average
consolidation degree through practical test, we can get the result that the average
consolidation degree calculated on the basis of settlement data is a little high. In
accordance with the result of analyzing the consolidation, the offloading period of
preloading and loading for settlement stability in the shortest time should be 313days.

settlement; excess pore water pressure

CLASSNO: TU433; TU473.1; U213.1

KEYWORDS : high-speed railway station; composite foundation; consolidation;
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Fig 2-1 Monitoring sections on Jinan west railway station
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Fig 2-6 The piezometer
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Fig 3-1 Ground settlement curves of section A
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Fig 3-4 Settlement curve of section B
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Fig 3-5 Ground settlement curves of section C
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Fig 3-6 Settlement curve of section C
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Fig 3-7 Ground settlement curves of section D
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Fig 3-8 Settlement curve of section D
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Fig 39 Excess pore water pressure curves of section A
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Fig 3-10 Excess pore water pressure curves of section B
WEFTEH, BWHALERAESRERRN FEE, BKI @B ILEK
FE A B HIUAE R BIR 44m &b, HLEAH) 46.72kPa; BK2 AL Bk

2%




3 JRP PRI K B Y B G v 3 e R A 4 ROV

BOAEHBAR AR 26m &, HAHIAF] 41.59kPa; BK3 B ILBKENRKR
B B BT R 36m &b, HAEKE] 44.3kPa.

TERHIE, B0 < RBEALBOKE D BEE ARG N 28t m, #A
BEME, &SN E, 5 Af-8 AR, LHEHFLBKEHBIBK, TE
10 AR LUE, HWBUEREAHE. W BKI P, i HEE sn 20m FLE S
WEANE, St EEEN AR SRR,

333 CHTEBEAEKENST

C W A0k 35m EHMEX, BIZAMALA 15mCFG MEMBER, iEFR
A 25m. 20mCFG Ay, CKI frF&sO, B 35m BHEMEXA; CK2 fIF 20m
5 15mCFG #id X ; CK3 A7F 15mCFG #EINME X shaly; CK4 fr T RRIRA kAL .

120

—— -5

—a—-12m
——-20m
—¢—-26m
~%—-36m
—e—-44p
—+—-51m

— HHLRE

100
80 r
60

AP FLBRAKES (kPa)

B (d)

(a)CK1 SR ILBKE 1B 2%

(a) Excess pore water pressure curve of CK1
80
0 r
——5a
e = Jm
—t— -20m
—»—-26m
~¥— -36m
—e— -44m
—+—-51m

— RSt E

60 r
50 |
40
30
20
10
0 : : -
—loltl 2-20 4-10 5-30 7-19 9-7 10-27 12-16
wHE (d)
(b)CK2 iB#FLBRKE S22 b 4

(b) Excess pore water pressure curve of CK2

MR LBUKIE S (kPa)

25




0783 N 3] e LAY S

80 r

——-5m
~a—-12nm
——-20m
—x=—-26m
—¥%— -36m
——~44n
—+—-51m
— RRITE

60

40 |

20

BHILBUKES (kPa)

BE (d)

(c)CK3 R FLBRAKE SR i %

() Excess pore water pressure curve of CK3

——-5m
——-12n
——-20m
—¥—-26m
—¥%— -36m
———44m
—+—-51n
— R

ARRILBRAKES (kPa)

(d)CK4 BEFFLRRAK R 17284k 2%
(d) Excess pore water pressure curve of CK4
B 3-11 CWmsEE BBk E T g
Fig 3-11 Excess pore water pressure curves of section C
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Fig 3-12 Excess pore water pressure curves of section D
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Fig 3-14 Consolidation degree curve of section B
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Fig 3-15 Consolidation degree curve of section C ‘
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Fig 3-16 Consolidation degree curve of section D
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Fig.3-17 Consolidation degree curve of section A(caculated by excess pore water pressure)
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Fig.3-18 Consolidation degree curve of section B{caculated by excess pore water pressure)
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Fig.3-19 Consolidation degree curve of section C(caculated by excess pore water pressure)
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Fig.3-20 Consolidation degree curve of section D(caculated by excess pore water pressure)
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) B RO F.
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MR, &9, 12cm, C WHB KU RIFERELE 15nCFG HMEX, BUE5 A
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I8 45 % R A AH I

6. MR EE S E MR AEND: MERZ A TFHBELERK. Bk
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X3 47.67%: B Wi 7 71 A : 88.47%F 74.19%:; C ¥iiH 2 514 : 65.85%F1 85.17%:;
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Fig 4-1 Finite element model
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Table 4-1 Parameter of FEA model
K| BERY . HWEH W &

LR (k) | (miday) | TR (Pa) [HRRME ) T S ()
it t 2000 %18 6.0E7 0.15 1.47E4 33.0
H2 2500 %18 1.0E10 0.20 0 35.0
B 2500 AEB 3.0E10 0.1

CFG # 2300 A%E 2.0E10 0.2

Bkt 1900 2.7E4 1.5E7 0.3 2.3E4 25.0
PP 2050 5.0E-3 3.0E7 0.2 0 35.0
MuS KR 2100 4.0E-3 7.0E7 0.2 0 35.0
Mt A 1950 3.0E4 6.0E7 0.25 2.1E4 30.0
5945 2180 5.65E-3 8.0E7 0.1 0 35
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59.09%, WELMAENHBRNFELRMK, K2 65.84%. WUIMEHE,

BT HERBANTEHELEEN 87.17%.

KHEEUBENE NIRRT R S RATIRRML, TUBRRRE
XHEEE, SHAETHEBANESREMLTLRI, RIBTRERENES
EgE. HTLMIREETRHIRENUECEZAE, T &HEdETA
BOKIE R E T SRR E SR, R L AEREIRS RS RO EE TR
t, BOLRTIRLLESTIRNTEER. ANEEERLTRENNE, HTX
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53 TAEMRSE

FE A M DR ER BT IR, R SRR
MRMGRMRRES, SARFRRAKESEHTRAMT, BatiAsn
TRVMRAE RN AL MR, BRFERAT, KENTEH
BHE FROTEE:
[S 1, +[S 108 <5, (5-13)
ek, [S,], ATHERBAT FRENBETIRR: [3,,,, BHERIIH
SRR S, hTEMREIR. BB TR MR A LR
BHEANNTHELE. THERGATFORETYESERTANDRE
A BB F R
S-S -

Uz === (5-14)

AR, RATMENGERTNTETME, fEh&rHxXE.

WA TR TR 15mm SKHERUE .

LLWMBHRERAMERAYIESE, BAEBEIERTHENZ KSR
RBEZEDR. o

St=BAYIER-FF LRV

UM E, St =136lem (=15.11-1.5), WHEMEESE U >
90.07%(=13.61/15.09). AEJ5 (H.% 5-1) A[BH], Bk 313 KRG LR 2009
%5 A 20 H), BIZE20104E 3 A 29 HEWLEE.

R 5-1 EEN TR
Tab.5-1 Forecast of offloading time

]

> %
B :ﬁﬁ:'c-m% LRGE (cm) | BE (em) ‘E%’E( ‘

BEWHE | TRER
2009-2-3 1.80 1.10 0.70 11.90 7.28
2009-2-10 1.99 1.40 0.59 13.19 9.27
2009-2-14 2.09 1.66 0.44 13. 87 10.97
2009-3-16 2.45 2.57 -0.12 16. 22 16.99
2009-3-27 3.02 2.93 0.09 20. 01 19. 42
2009-4-3 3.46 3. 30 0.16 22.89 21.84
2009-4-17 3.86 3.88 -0.02 25.52 25. 66
2009-4-30 4, 66 " 4.41 0.25 30. 84 29.20




5 PR AR E O W SRR AT

£ 51 BB (%)
Tab.5-1 Forecast of offloading time (continued)

s i %
M %ﬁffj LY (cm) | BE (cm) ‘.%ﬁ( )
BEGE | LRER
2009-5-5 5.48 4,70 0.78 36.24 31.11
2009-5-13 5.77 5.35 0.42 38.19 35.41
2009-5-16 6.35 5.63 0.73 42.06 37.25
2009-5-20 6.53 6.00 0.53 43.25 39.71
2009-6-2 8.95 9.00 -0. 05 59. 22 59. 57
2009-6-9 9,62 9.67 -0. 06 63. 64 64. 02
2009-6-13 10. 24 10. 14 0.09 67.76 67.13
2009-6-25 10. 3078 10. 25625 0.06 68. 23 67. 86
2009-7-25 10. 9697 11.65 -0.68 72.61 77.11
2009-8-8 12. 0435 12.18 -0.14 79.71 80.62
2009-9-9 12. 8097 12. 895 -0.09 84.79 85.35
2009-9-22 12.92 12. 965 -0. 04 85. 52 85.81
2009-9-28 13.04 13. 005 0.03 86. 31 86. 08
2009-10-30 13.17 13.105 0.06 87.17 86.74
2009-12-29 13.36 88. 43
2010-2-27 13.51 89.39
2010-3-29 13.61 90. 08
2010-4-28 13. 84 91. 62
2011-4-28 14.76 97. 68
2014427 | 1511 100.00

FLAR M I U 97 PR ) TR T AR b8 BRAZ — o L4
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54 INES

LB AL RAMLREIR ST, R TENET &8, MR
#sk, —&SEEHER, TRTTRERNTHEE BEHERK, BRI,
AT ERR B T NS RGN ER S,

2B THE B E L, MEAMBERT T BANTTRERE S S AR . WG
BXE, RENERENESERS. HAETE, 7 295 REFABUES 5 4
ARE, BBEHEERBENFHESEER 59.09%, BLALEERBIRFY
BABEMA, 53] 65.84%. HUTHVE, HHETESRBIANFHELEE R
87.17%.

SRELRUIRER, eI EE B n B N, JTRRA SR e i i E 8
B4 . 21 313 KGRI AR 2009 4 5 A 20 H), BIFE 2010 3 A 29 HAy
PN .




6.1 4it

BRI RR RN, SEERRESEER SHENRITER B,
EEILBRKE RIS, BRUTSER:

LUABUSZ B SR A R TR S BB AR AR AR . CFG A A I 55 4 3th B T R L 00 038
AKE, BEINARNNEARETERSE: FABREMRITESAEENES
BAt, MK EER KRR HATRESL, WHBEERRRITELT
BRBEMEMNE AL,

2. REB ARG, BRENEE W ERIUEREM. AT ERRE
FA BRI IE KRR ZERYIRE, NXBEETIRRSESTAN, kFiE%
HAHFR.

3R & W0 8 AL B, T8 B4R R AR B LR K R AR AL AR
f: MCERIREAMSAT, BBRLBRKENEREIMEEK, #ATER—BitE
Ja, FUETFREHER . SRUES, BFREFILBKENTREETEER,
EREEFHRAR. —8KER, HESK, BREFHALRKES BN EBRE,
EX TSI A, BRILEEHAMAESHET O S HRBEXILIEEN
BEME. A NEERLRKENRXERGEL, ®iFEEL 2m &, HE
EE) 33.2kPa. B Wi FHILBRAKE N BEAEHRBEEDO, BiHEES 4m &,
HAEIAE) 46.72kPa. C WITTEHILBRKENBKE R HAKEFL, BiHEEHR
44m &, HAHIEZF) 63.95kPa. D Wi B FLBR/K H o B A fE th B 15mCRG 4R
X, #itsRER 30m &b, HMEXEF] 37.19kPa. 7 7. 8 A MFZ, BHILBKE
HEHEKR, #HA10 B, BHERHEEES.

4B ELEMTE, BB T ENENARNSHNELEE, URTERF
BIBSGE, ohTHESSE. SNAELESETRELRR M. mxTH
—WEAKFEHT M FHELEE, H—RARATREL, FHELERK. B
F 2009 F 11 A, A WHEBREPOFHELEEDET] 83.95%, AL FEHELE
1531 47.67%; B WTHI 2 5K : 88.47%H1 74.19%; C T4} 54 : 65.85%H 85.17%;
D BTE 27 H4: 68.67%F 62.43%.

SAM—F T REERB S BRENTRESSHILEN RO NE, Rk
A6, NFRA RT3 ADINA B RE!, EABERAM B ULTREE KA
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IR K2 B 426 103

gy, HHBE, HAERE, BERAREELERE 15SmCFG HMER, TR
RAUEHBE 35m BHTENR: 2d—ENTE, FIREMS43cm, HHEERA
ERZ 3.795kPa, B ERLTRCBTRE.

6. 8T BB RIS R RBAR Xt te, RAE TR M-S, AR
Mk, —&BEEBHER, STRyTRERDTIHFEE, BEERK, AR,
WA EERNRASEEREAR S,

TESEMERLERE, WEAMERT T EERIRRL SR, NG
RXRE, REVERENEEERS. HILEHE, FATES 5 MAE, a8
EiHHE R BN FIELEE N 59.00%, BLMALETHEBRKEYELEHK,
L] 65.84%. HUIMETHE, HBETTELRBINTHRELEER 87.17%.

ML IRUIREENR, TN %AW EEREN RN, FIREARREN NS
R, it 313 KRG (R A0 2009 4 5 A 20 H), BIZE20104E 3 H 29 A
¥::1E
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L AXFTROALLE, EREETERMR RE % EraEsibin s
R RS E TR RN A BRGHIE. F2Mt AR L % EAERE
RERERMURAMLE SERH—LERITNLRHARTE. W FLHEIES
HA—ERBHREANTREESR.

2. W T EHERRS — P BUHR. EREXN KETELRIELETIAS
T, BEHMEERARAKEIBNNEHEE. E54XERLEEE. £
WEAFEHR. QFFFFEMLE, BERITHERATEZRELE, UAHER
AXRSEHR, UWESRIEE.

3. BT —PRRLANM MU B o U85 RMH %R E
Hi R ZERAANERR, 2RAXEHFHTREXUNEERRES.

4. ERLHETESREAMTIHES, EASLFHRAREHLRSH
MAMERARRROZE. MEAELNPRORER E, EHAEM AR
FHREHERN LS, RARAKHFRAEXAMLANE.
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