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FEM analysis on consolidation of stone-column improved soft soil
composite foundation during earth-rock dam construction period
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Abstract: When calculating the bearing capacity and deformation of stone column composite foundation, the method of
superposition of gravel and undisturbed soil parameters according to the area replacement rate is often used in engineering.
However, the study on the applicability of this method in dam foundation is still not in-depth. With the background of the
soft foundation treatment project for the deep overburden layer of the high earth-rock dam of the Nyabarongo Il
Hydropower Station in Rwanda, based on the PLAXIS finite element platform, the consolidation of the dam during the
construction period was analyzed using a two-dimensional numerical model constructed by the pile-wall method and the
composite foundation method. By monitoring the deformation, excess pore pressure and stress of soft soil reinforcement
area during construction, the difference of settlement between pile wall method and composite foundation method, as well
as the variation law of excess pore pressure and pile-soil stress ratio in soil under different area replacement rates are
obtained. The results show that the traditional parameter-added method underestimates the settlement of the soft soil stone
column composite foundation, and the degree of underestimation increases with the decrease of the replacement rate. Under

the same replacement rate, the accumulation of excess pore pressure in soft soil below the dam core wall during construction
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is relatively large. The pile-soil stress ratio increases first and then decreases, and below half of the dam height is

relatively large. Under different area replacement rates, the maximum pile-soil stress ratio decreases with the increase of

replacement rate, and the stable ratio increases with the increase of the replacement rate.

Key words: stone column; soft soil foundation; finite element; excess pore pressure; pile-soil stress ratio
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Table 1 Physical and mechanical parameters of soil
o MRl SoKEN LB WRERS YBIR/ B8 2B SR BRI BRNEE R BiER
25  LTELZK
(g/cm?3) % tk % % MPat MPa kPa 9 (cmis)
© MbIeipER Lt 1.96 31.8 0.835 36.7 21.7 1.25 3.0 3 13 1.0<105
@) SR 2.00 — - = = 0.60 5.0 0 28 1.6x10%
®a1  WEFAEL 153 734 1821 769 513 1.20 25 10 20 1.0x107
®-2 TR+ 1.59 653 1.650 73.6 429 1.10 5.0 15 21 1.0 <107
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Fig. 1 Typical profile of the river bed dam section
R F2 MIHERHER
2 ﬁBEE*ﬂ@*@E Table 2 Construction schedule
i 18] /d i L3 FE HiE
2.1 HERBSEHE — SRR T —
N PLAXIS 2D #fF, $#IEsehr TREH R 4% — Byt T —
P Ra 78 oA PR TS AL AT IR T HAE 45 ., 14T 0~60  0~~10 m i E L3 KHURHEST A A HEH 5 m
TS5 IS SR FE AR 335 2 A AR 5 i 5 1 o~ T 97 AR AR AR 60~120 [E4k 2 AN A —
IO o ] X TIAR B 4626 43 0 B 0.40. 030, 0.20 5 120~180 10~~20 m & B Lo A URHEST 45 A HESR 5 m
0.10. —ZESNARHEF IR K H 4 2 S0 7 152, 180270 [l 45 3 A —
MRARIAR S BRE TR (8 2) BEATHES. THek 2707390 20~~48 m & S LR SR R HHES 7 m
MRHCNRE, AR H 7 A7 7E A 3907480 % 3 4/ -
AVEREIZOR, B SR AR AP RIR By 48077540 48759 m i SL O AIURHIEL A AHESL 5.5 m
M IEE s X FUHEART A AP, %5 5E 231 5407630 545 3 1 BLAR T

PRIEAH 2 TORRT A, T SRR A W IR KT O3
2R BEEJT A B R KA E
P2 1358 m, EIHERAIE . B TR 2 A =
Bh, DAY A T 2R A T 7S B A R
2.2 WEANEEHLRIL

AR eh R B [ X SSRT R A5 RO A

BESEREATI . X T RE BT b, S5
A HE SR TR A T AR B 4 A JEUU o SR TAN Z5(8]
S WU VE X AT AR AT T T B AR R e, ERR A F
% (b BN (1) #iE.

@)



208 HooE 4 |

2023 %5 H

A r N SRR AR By ok R AR RS T
JL ARSI X — 25 RO = 4 S Ak g2 X3 1) 2
7. HHPREBMKZN: R=113B.

Wit b H T ZHCR FH EAE 1.00 m BEAHE, Xt 58
356.00 m (1K A X Sdh A7 in ] b2, A AT X
S v DX 3 5 1) B A B A A A o A AT T 4
FAY 19 0.40. 0.304 0.20. 0.10 I (1 E5 R0k R 44 72
THEOLANER 3 Frame Hor, AEREK B ARAE n ] X K -
EERIAE, H 28~36m 5.

2.3 HRTM

THEAA A TE 776 m, FEN 119 m. 2D fi)
F P AR =Ry 60 m, KIEZ) 59 m. 43R
BRUCKH B BN 0.5 HIER TR, JEHL 15 AN A
ARG, BEANER S BRI R4 3 808 4>

G, 30809 AN AT FEAAERE LA AL N
40 683 NHLIG, 325867 N1 Ao HUAIE SR I S
BRI EM R, LLE R 0.40 B, —4E
A J I RS BT BR TC A i 2 i, R
T, ARV () BT RO SO KT A
B, TR TAERK,

®3 FUAEERE AR

Table 3  Generalized construction of equivalent pile wall model

AR E R PERREE/m  MERRECE BRI E/m

0.40 0.56 254 1.40
0.30 0.49 220 1.62
0.20 0.40 180 1.98
0.10 0.28 128 2.80
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Fig. 2 Finite element mesh of two-dimensional model
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Table 4 Parameters of Hardening Soil model of the triaxial test numerical model

MR TR RS EXf /MPa  ELXf/MPa E[f/MPa c’kPa ¢7(9 m Ry e Uy
(KN/m3)
O b Ve i 1 19.60 3.00 3.75 15.00 300 1300 0.75 0.900 0.835 0.2
Ok 20.00 5.00 6.25 25.00 000 2800 040 0.900 0500 0.2
@ R F L 15.30 2.40 3.00 1200 1000 2000 082 0.797 1.820 0.2
@2 oL 15.90 2.60 3.25 13.00 1500 21.00 084 0.800 1.690 0.2
@wWER (R A 20.50 16.00 20.00 80.00 000 3900 040 0.900 0500 0.2
AT 22.10 25.00 31.25 125.00 000 3850 032 0.900 0500 0.2
F=5 UIMETIR, BEMNER-ERERESH
Table 5 Parameters of Mohr-Coulomb model of dam filling materials and bedrock
YRS MIFIAE/KN/MS)  RIAKE/(KN/m3)  c'/kPa 0'l(9 E/MPa u B F 5 (cmis)
Dot 17.90 17.20 25.00 20.40 18.00 0.25 2.0x10°®
RAE 20.50 20.00 0.00 43.30 40.00 0.34 3.0<10°
g 20.50 20.00 0.00 34.00 40.00 0.30 1010
R/ % 22.00 21.70 0.00 40.50 40.00 0.33 1.0x103
HeAKRE 21.00 20.50 0.00 38.00 40.00 0.31 5.0x1072
7l 19.20 18.10 30.90 25.30 25.00 0.32 1.0x10°3
A 23.00 23.00 0.00 43.00 20 000 0.24 1.0%10°
x6 WERL/RRBETIEAMETHRBEUEREFEHESH
Table 6 Main calculation parameters of Hardening Soil model for sludgy/peaty soil composite foundation
—— EX' /MPa c/kPa 0'l(9 m Ry
S-S p-s S-S p-s S-S p-s S-S p-s S-S p-s
0.40 1430  14.45 2.31 3.47 34.82 35.00 0.620 0.632 0.840 0.840
0.30 1148 1165 3.18 477 33.35 33.61 0.670 0.684 0.830 0.830
0.20 8.65 8.85 4.44 6.66 31.13 31.50 0.720 0.736 0.820 0.820
0.10 5.83 6.05 6.43 9.65 27.38 27.96 0.770 0.788 0.810 0.810
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Fig. 3 Cumulated settlement cloud diagram of different simulation methods (mo=0.40)

7 MERKMETELSER
Table 7 Calculation results of the maximum settlement of
dam foundation

N SYBIME
B mo HEHESUE G/
VUMMM A%
0.40 2.577 2.276 11.68
0.30 2.831 2.391 15.54
0.20 3.498 2.690 23.09
0.10 3.945 3.038 22.99
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Fig. 4 Excess pore pressure cloud image of reinforcement area under 5 m loading
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Fig.5 Cloud image of excess pore pressure at stage of completion of dam construction (mo=0.10)
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Fig. 6 Location of typical observation points for excess pore pressure
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Fig. 7 Variation of excess pore pressure of different observation points
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Fig. 8 Comparison of excess pore pressure changes at typical
measurement points (mo=0.10)
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Fig. 10 Pile-soil stress ratio curves of observation pile
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Fig. 11 Variation of pile-soil stress ratio of different
observation piles (mo=0.10)
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Fig. 12 Pile-soil stress distribution on pile top at stage of
completion of dam construction (mo=0.10)
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