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Anti-floating failure mechanism of underground structures in
expansive soil area and application of active anti-floating measures

LUO Yibin, CHEN Jibin, WANG Yuanyuan, SHEN Pan
(China Southwest Geotechnical Investigation & Design Institute Co. Ltd., Chengdu, Sichuan 610052, China)

Abstract: Expansive soil is a weakly permeable stratum with low permeability. It is generally regarded as a
relative aquiclude or water resisting layer. Its anti-floating water level is needed to comprehensively consider the
site seepage characteristics, fertilizer tank filler characteristics and water-structure interaction, which makes the
anti-floating problem very prominent and difficult to deal with. Based on a building failure treatment case in the
expansive soil area of Chengdu, through the investigation of the water leakage source of the basement, the
monitoring of groundwater flow and the evaluation of the discharge capacity of the drainage system, it is
considered that the basement floating is caused by the improper construction control of the fertilizer tank, which
makes the high-pressure water penetrate into the bottom of the water resistant plate, resulting in the imbalance of

hydraulic conditions. Combined with the FLAC™ finite difference method, the mechanical behavior characteristics
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of underground structures under the action of groundwater buoyancy and expansive force are discussed in detail.

Combined with the engineering practice, an anti-floating method based on "pressure relief" is proposed. The idea

is to open a pressure relief hole in the bottom plate to make the groundwater flow and convert the hydrostatic

pressure into kinetic energy without changing the groundwater level, and supplement observation and automatic

control measures is carried out to achieve the purpose of anti-floating. The monitoring results of the project show

that the flow and head are controllable and the operation cost is low.

Keywords: expansive soil; underground structures; drainage anti-floating failure; active anti floating
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Fig. 1 Section of the underground building structure (unit: m)
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Fig. 2 Schematic diagram of the typical failure phenomena

o RYUR A LR BE + KGRI+ 5 SR, IR kB
M—JZH . IEAECR Y Z R B E 3 R

A
FHHZT R
AHY
+0.00=518.3 m At e /DR 1
R )
- ] FSiL A3
y e
I S eniy % e <

\\\\\\\\ ié\ ﬁ‘gﬁ%%}ﬂé

PUFREOKNL: 516.0 m

3 EFiiTEREEERER
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Fig. 4 Location of in-situ test
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Table 2 Field penetration test results
B s G K/(m-d") Kmfﬁ/(m'd D)
1 0.754 0.858 0.639 0.750
2 1.529 1.334 1.910 1.591
3 0.692 0.403 0.051 0.382
4 8.222 8.249 8.168 8.213
5 7.584 7.320 7.584 7.496
6 7.019 7.019 7.019 7.019
7 9.310 9.022 9.897 9.076
8 6.273 6.153 6.095 6.174
9 10.26 10.28 10.19 10.243
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Fig. 6 Failure reason diagram of basement floating (uint: m)
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OHTE R K, B AB ™ A LRI K & B AH=
7.35 m, BB A KA AR A 516.25 my b JZ i AKX AR
e RAN i 2498 600 m®, AEAE KAV AT 4271 0.3 ~ 0.4 m.
W KA 4 7.75 m 1T

Q@ T Mk + B FR KR, S 3 N b R oK R
TR ) F =T T AN 2 TR M K AR T R A S T
DA IR B 2 T 7K 83 7 R M & K RIS R A2 B
K He s Z A, Bl P=y, AH=76.03 kPa.

(2) Ik Mz hk 11

HRAE VL GB 50112—2013 " (Y@ 7 ¥k, T
AL, R PH 5™ B 1 BOES, TORG 5 DU 4 A K
2R, WA 20 om, W AR EREE 3 m. 15 31 M L 5
P R R R B Y & KR, WnE 8 FryR . &3 BAG 3]
o 2= SR BT KR 0 I K 1 1 4R 28 kPa, 2 2
LA 24 kPa, H A HbBLAL 18 kPa.

025 ¢
0 -
—025|
~0.50 L
—0.75 L

g 10f
& -125|
B 150
—175
200
225k
2501

275 1 1 1 1 1 1 1 |
20 21 22 23 24 25 26 27 28

EIRR %
8 EEARREBMKLESKE
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Fig.9 Mechanical calculation results under the base reaction
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Fig. 10 Local mechanical calculation results under the base reaction
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