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Load tests on segment joints of single lining structure of shield tunnel in
Qingcaosha Water Conveyance Project
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Abstract: The key parameters for models of lining structure of shield tunnels, such as bending stiffness of radial joints, shear
stiffness of radial (circumferential) joints and moment transfer coefficient, have always been the research focus in this field. The
above key parameters are studied by means of the prototype load tests on segment joints in Qingcaosha Water Conveyance
Project. The test results indicate that under sagging moments the bending stiffness coincides with the bilinear model, and under
hogging moments it is similar to the linear model. The bending stiffness of radial joint and its variation law are different from
those of various joint structures. According to the results from shear tests the dislocation change process of radial
(circumferential) joint can be divided into three stages. The dislocation occurs mainly at the second stage. The results of
moment transfer tests indicate that the moment transfer coefficient decreases with the increase of load. The greater the bending
stiffness of radial joint is, the less the moment transfer coefficient is, and vice versa. Finally, based on the test results, the value
range of the key parameters for the models of lining structure of shield tunnels is put forward. Several beneficial conclusions for
the design of lining structure of shield tunnels are drawn.
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Table 1 Dimension of specimen of river-cross section and island section mm
X Bt A Ti%B EET 4MED Wf2d AL REISN
L AR 1500 480 6800 5840 1305 1121
URINEY ‘
Bif 750 480 6800 5840 2627 2256
AR 1500 450 6400 5500 1209 1039
B BB :
Bif 750 450 6400 5500 2419 2079
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Fig. 1 Structural diagrams of specimens A, B
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Table 2 Load conditions of several tests
TULAFR TS Y7 18] 71 ) M7 18 W) 71 W 7
/(kN m?) I(kN m'%) /(kN m'%) /(kN m?) /(kN m?Y) /(kN m?Y)
Z-1 — 1193 -629 — 875 -530
N Z-2 — 1193 -898 — 875 -755
I\ 4 R
NEERCSHIL A Z-3 — 495 650 — 345 530
Z-4 — 495 928 — 345 755
55 B NI R Z1-1 — 1193 1000 — — —
PImC1-4 300 633 — — — —
e BTN L A g CHL 600 — 333 900 — 450
= C1-2 300 — 408 450 — 295
e A C2-3 600 495 928 900 345 755
BB A C2-4 300 495 928 450 345 755
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I 1500 4 Fig. 4 Layout of measuring points in staggered joint tests
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Fig. 2 Structural diagram of radial joint
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Fig. 3 Different assembly forms of segments (with island section
as an example)
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Fig. 5 Relationship between sagging moment and opening angle

from tests on island section
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Table 3 Bending stiffness of radial joint under sagging moment

(KN m/rad)
i T B B3
T
Kot Koz Kot Koz
Z-3 18120 — 40406 15170
Z-4 14239 5301 33888 7960
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Fig. 6 Relationship between hogging moment and opening angle
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Fig. 7 Relationship between shear force and deformation from

tests on island section
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Fig. 8 Shear failure of specimen B from radial shear test on

circumferential joints
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Table 4 Values of radial shear stiffness under various longitudinal

forces
N E W] BTN
X
XB I(kN m?h /(10°%kN m ™)
600 3.1
BB 300 2.6
s 900 35
LB 450 2.2
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Fig. 9 Relationship between load and rebar stress of specimens A
and B from moment transfer test on cross-river section
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Fig. 10 Relationship between moment transfer coefficient and

moment in radial joint
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