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gravel cushion in immersed tube tunnel

WANG Yong!?2, MU Qing-jun’, GUO Chao*, FU Bai-yong*, HE Xiao*
(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. CCCC Highway Consultants Co., Ltd, Beijing 100088, China;
3. CCCC Second Harbour Engineering Co., Ltd., Wuhan, Hubei 430000, China;
4. CCCC Highway Bridges National Engineering Research Centre Co., Ltd., Beijing 100088, China)

Abstract: Gravel was widely applied as the cushion materials for most foundations of the immersed tunnels, while the pebble as an
alternative material has not been used till now. The differences in physical characteristics such as surface smoothness, alignment,
contact methods and natural porosity between the gravel and pebble will affect its mechanical performance. In this paper, the
mechanical deformation characteristics of pebble and gravel cushion were comparatively studied through physical modelling tests
and numerical simulations. The results show that: 1) The compression curves of the two material cushions both show a two-phase
anti-bending trend. The compression of pebble cushions is higher than that of the gravel under the same loading condition, whereas
the overall secant modulus of pebble is approximately 30% lower than that of the gravel. 2) When the thickness of the cushion
increases from 0.8 m to 1 m, a 13% increase in the secant modulus for the pebble cushion is observed, while 2.2% for the gravel. The
mechanical deformation properties of the pebble cushion are more prone to be influenced by the cushion thickness than the gravel
cushion. 3) When the preload increases from 52.5 kPa to 84 kPa, the secant modulus of the pebble cushion increases by 23.5%, while
the modulus of the gravel cushion increases by merely 7.6%. A larger preload load leads to an earlier inflection point for the pebble
cushion so as to show more stable mechanical properties. The increase in the preload load can more significantly improve the overall
mechanical deformation performance for the pebble cushion than for the gravel cushion. 4) As the ditch width increases, the secant
moduli of both cushions decrease. The pebble cushion is less sensitive to the changes in ditch size than the gravel cushion in the full
load range. 5) The performance of the overall mechanical properties of the gravel cushion are better than the pebble cushion, but the
cushion materials have limited effects on the structural settlement and stress. The pebble material can be used as an alternative
cushion material for the immersed tunnels after a full analysis of the sensitivity to construction deviation. 6) Investigations on the
optimal pebble grading will be the priority in the follow-up study.
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Fig.1 Longitudinal section of the immersed tunnel
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Fig.2 Cross section of the immersed tunnel and the
foundation (unit: cm)
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Fig.3 Plane layout of the pebble cushion (unit: cm)
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Fig.4 Longitudinal section of the pebble cushion (unit: cm)
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Fig.5 Grading of the pebble and gravel
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Table 1 Test conditions
TEH T BEFEEm  BUEHEKPa  ZBEHRN/m
A 0.8 52.5 0.6
B 1.0 52.5 0.6
Lk}
C 0.8 84.0 0.6
D 0.8 52.5 0.8
A 0.8 52.5 0.6
B 1.0 52.5 0.6
W
C 0.8 84.0 0.6
D 0.8 52.5 0.8
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Fig.7 Pebble and gravel material for the cushion
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Fig.8 Compression curves under condition A
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Table 2 Modulus comparison table of standard working
condition in formal loading stage
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Table 3 Moduli of the cushion with different
cushion thicknesses

0~240 kPa 0~52.5kPa 52.5~240 kPa
iR B/ MPa FHEABE/MPa K45/ MPa
0.8 m 1.0 m 0.8 m 1.0m 0.8 m 1.0 m

ipa) 13.73 15.51 12.42 2431 14.15 14.08
[LE) 19.73 20.17 46.51 57.95 16.99 17.05
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Table 4 Sensitivity coefficients of the thickness deviation
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Fig.10 Compression curves of cushion under preloads of
52.5 kPa and 84 kPa
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Table 5 Moduli of cushion under different preloads

0~240 kPa O~TiEATE T8 ~240 kPa

REEFR  FIZRE/MPa  FIEZEREE/MPa JE4i & /MPa

525kPa 84kPa 525kPa 84kPa 525kPa 84 kPa

¥ 1373 1695 1242 15.17 1415 18.09

A 1973 2122 4651 69.60 1699  19.43
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Table 6 Sensitivity coefficient of preload deviation
B PR FE AR R L 22 B B R A

REME 0~240 kPa O~FUEM#E — FUERH~240kPa
FN LA RS i
ik 0.39 0.36 0.46
[a) 0.13 0.83 0.14
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Table 7 Moduli of cushion with different ditch sizes
. 0~240 kPa 0~52.5 kPa 52.5~240 kPa
WE pmmvee ERGERMP  E4iEMP
iy 0.6 m 0.8 m 0.6 m 0.8 m 0.6 m 0.8 m
[P 13.73 12.51 12.42 13.2 14.15 12.24
[Lye 19.73 15.76 46.51 50.6 16.99 13.22
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Table 8 Sensitivity coefficient of ditch size deviation
FAE R TR bR I 14 i 2 U AR AL

IR 0~240 kPa 0~52.5 kPa 52.5~240 kPa
TS R SRS
IF 0.27 0.19 0.40
e 0.60 0.26 0.67
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Table 9 Parameters of the soil and cushion materials

N Mg
L TERED R ———

/(kN * m3)  /kPa 1)

/MPa  /MPa  /MPa
27 18.00 18.00  54.00
42 30.00 30.00 90.00
42 45.00 45.00 135.00
36 12.00 12.00 36.00
42 1415 14.15 2830
36 1699 1699 46.51
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Fig.12 Computational model
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