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Model Test Research on Preloading Combined with Solar Thermal

Drainage Consolidation Technology

DENG Yuebao', HAN Yidong', ZHENG Liangke', ZHENG Rongyue', YAO Yanming®
(1. Ningbo University, Coastal Urban Rail Transit Collaborative Innovation Center, Ningbo 315211, China;
2. Ningbo Rail Transit Group Ltd., Ningbo 315012, China)

Abstract: Solar thermal drainage consolidation technology uses solar energy to heat the soft soil foun-
dation, combined with shaft drainage and consolidation, thereby improving the treatment effect of the
soft foundation. To test the reinforcement effect of this technology, a model test of drainage consolida-
tion of shaft foundation was carried out to compare and test the settlement and pore water pressure de-
velopment law of conventional preloading and solar thermal drainage consolidation of soft foundation.
The results show that the solar energy forms a temperature field, which increases the temperature of
the foundation soil by an average of 15°C; the solar cycle temperature change caused the pore pressure
in the soil to fluctuate with an amplitude of 10 kPa; the solar energy accelerates the process of drain-
age and consolidation of soft soil, and increases the consolidation coefficient of the model foundation
by 1.54. The time required for soil consolidation to reach 90% is reduced by 34% ; solar heating also
increases the final settlement of the model foundation by 12% , which has a positive significance for ac-
celerating the stability of soft foundation settlement and reducing post-construction settlement.

Keywords: soft ground improvement; drainage consolidation; vertical drain; solar energy; model test
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Table 1 Basic physical properties of test soil samples

Wl k%
o EARWL eemd AL

(geem™) %

1.745 41.5 2.74 1.22
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Fig.3 Vertical drain setting
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Table 2 Positions for pore water pressure gauges

% WE/m BT RS /em
All 0.25 5
Al2 0.25 15
Al3 0.25 25
A21 0.50 5
A22 0.50 15
A23 0.50 25
A32 0.75 15
B22 0.50 15
B32 0.75 15
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Fig.4 Model test of solar thermal drainage consolidation
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Fig.6  Variation of pore water pressure with time



KSR EVER T e fLE A 117 kPa, 11 d Z J5 1L
JE T BEZ 15 kPaCPBIME) 5 R GIER T
5 fLE 9 120 kPa, 11 d 2 J5 fLJE 25 1L 2 12 kPa;
B NAEN T LR 117 kPa, 11 d i
K % 105 kPa, fL 28 fk 2 12 kPa. (3) £ fLEZ
ISR W &, FLE B s a5 R AR e
BB G AR R LR Dk Bl 7 [ S5 )
Wi BB/ 29 1 kPa; Bl [ 45 VEAT , FLE Ik 3 g
MR MK A B 2~3 kPa. RfiE N EE F7 036K,
5] R Y L i h e B E — 2B K, 35 31 8~10
kPa, (4) 5% I AH A BE B A 00, GBI, LR
MR, 7R Tk, i TR b 820, K
PR, L T RO B A LR (R AR . AN, B
PR A T 10 LR 04 (B B B 5 3 1% FL R I K 0.6~
1.3 kPa,

3.1.3 W&

P2 R 6 R DT AR & 7 TR o R IR 7 0]
s (1) M 366 DT R 7 Jn 28 5 1 348 K, HO S e e ol R
BTz o (2) K A5 — A R 11 d 5 DR 2Y
12 mm, 58 g 2 /E A 11 d 2 J5 U0 55 21 mm,
5 =G #AEH 11 d S DR IR 26 mm. (3) KA
TR B0, M DR ORI BLARR UL, 5 — G A
AT 11 dJEDUFE 2 13 mm, 45 9 a8 4/E ] 11 d
JE UL IR 23 mm, 55 = G #/E 11 d 22 J5 U0 R
ik 30 mm. (4) 76 K BH AR A S5 10 F , [ 245 40 399 0 1
R N RS N UL D) I R SR g
PR AR [ 45 TR A 45 5 T, 0 AR 4 T B R AR
VAN =3 11 B2 ST G 1B SO i 1 213 2
T 204 mm (B INTTRE , 3 5 A AR 454 7 5 R 1
T Jet IR i B /N O o (B) AR FAB — ST 3k, 55
% A 20 10 U R S0 B B, 3R YR A Y R 4
PER 5 107 2K VA 56 o (6) 96 20 i # ok 72 v & B, 7
I 45 T 1 i 300 B B, 1 K b i T L A A8 19

ffE / d
QS 10 15 20 25 30 3
SE\_ p=5 kPa — g
I N - - - A
E 15+ p=12.5kPa
& 2T Tl p25kPa
1825 E

P 7 I B i) A2

Fig.7 Variation of settlement with time
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Table 3 Soil calculation parameters and their values

C, C, e n, PJ/kPa a,/C" a,/C!
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a/C™" m,/MPa' d/m d,/m c,/(cm®s ") c,/(cm®s™")

3.0X107° 0.5 0.45 0.07 2.5X107° 2.5%X107°
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Fig.8 Comparison of theoretical and measured settlements
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