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Behavior of piled raft during 2D trap door tunnel excavation
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ABSTRACT
Two-dimensional model tests have been performed to investigate tunneling induced piled raft behaviors using trap door
apparatus. The corresponding finite element simulations are also carried out using the elastoplastic subloading #; model. In this
research, the effect of tunnel excavation on the piled raft is investigated varying the pile length for the same soil cover. It is
revealed that the distance between the pile tip and the tunnel crown changes the patterns of both axial force and bending
moment of the piles. The numerical simulation with the constitutive model shows very good agreement with the results of the
model tests. Laser type displacement 1 ing Dead

1. LAYOUT OF MODEL TESTS AND ANALYSES transducer e

Fig.1 represents the 2D trap door apparatuses for piled raft used in
the model tests. The reference [2] described the details of the

apparatus. The model ground consists of the mass of aluminum rods, 411\:::;3; Piled-raft
having diameters of 1.6mm and 3.0mm mixed in a ratio of 3:2 in  reas

weight. The unit weight of the aluminum rod mass is 20.4kN/m”’, and

the length is S0mm. After the installation of the pile in the ground,

tunnel excavation is performed descending block F until 4mm. Strain b\
gauges are placed externally on both sides of the piles to measure Strain gage
axial force and bending moments of the piles during tunnel & LM

excavation. The size and stiffness of the piled raft are obtained from A ‘ B m D J}#-'Fi] G | H | I ‘ J

the real field condition considering the similarity ratio of 1:100. The

Young’s modulus of the pile is E=1.063x10° kPa/cm. The applied
dead load is equivalent to the load of a twenty-stories building (stress Descent blﬂck%% % % % %%% % % — andles
of 392kPa at base level) assuming a similarity ratio of 1:100. The

tests are conducted for 32cm soil cover (D/B=3.0), and D,/B equals Fig.1. Trap door apparatus

2.0 and 1.0. Here, D is the soil cover, B (=8cm) is Table 1. Parameter of aluminum rod
the width of trap door and D, is the vertical , mamma A 0.008
distance between the pile tip and the tunnel block. g ! SRR P 0.004
Fig. 2 shows the mesh used in the finite element 5 / iii ] N (ec at p=98kPa
analyses. The finite element anlyses using FEMtij- ) H & g=0kPa) 0.30
2D and elasto-plastic subloading #;; model [1] have A H —

been carried out with the same scille of the model 22 Y 2 2 Res=(01/03)csicomp. 1.80
tests considering plane strain drained conditions. 30@ lom B 1.20
Isoparametric 4-noded elements are used in the ) o Ve 0.20
mesh. Both vertical sides of the mesh are free in Fig 2. Finite element mesh a 1300
the vertical direction, and the bottom face is fixed. 35[ — o observed( @ = 19.6kP2) T T 1
The pile is modeled as elastic element in the , ! R e B 2(1)92?;&?;1 12+

analyses. Elastoplastic joint element is used as an

ey (%)

C‘— —
interface element between the ground and the ° [ g
) . . £ S gl
foundations taking the friction angle 8=18°. To % L 1.0 Z s
simulate  the tunnel excavation, vertical % +os &
displacement is applied up to 4mm to the nodes To4 4 i
. 4.0, Applied load
that correspond to the tunnel block. Model — |f. . e, T :

R 3 4 5 6 7 8 9 3.14 N/cm |—A— piled raft (Lp=8)
parameters for the aluminum rod mass are shown r eq (%)]02 —8—Piled raft_(Lp=16
in Table 1, and with these parameters stress strain oL

’ . : 0 002 004 006 008 0.l
relations under constant minor principal stress are Fig.3 Stress-strain curves for the . i viB
mass of aluminum rods Fig.4 Bearing capacity of the

;h(;{v}gnsglf%i iND DISCUSSIONS piled raft in the model ground

Fig.5 shows the induced axial force due to tunnel excavation in the front pile (pile nearer the tunnel block). Fig.6 indicates the
same in the rear pile (pile located further from the tunnel block). Figs.5(a) and 6(a) represent the results of the model tests, and
Figs.5(b) and 6(b) illustrate the computed results obtained from finite element analyses. The vertical axis represents the length
of the pile. The legend represents the amount of applied displacements (amount of descendent of the tunnel block). It is seen in
these figures that the axial force in the front pile slightly increases for D,/B=2.0. It implies that the settlement of the front pile
is slightly larger than that of the surrounding ground, which develops a little negative shaft friction. On the other hand, the
axial force significantly decreases in the front pile for D,/B=1.0. As the ground settlement is larger than the pile settlement in
the region of the upper part of the front pile, positive shaft friction develops around at that region of the pile that causes the
reduction of axial force by stress relaxation due to tunneling. It is also noticed that the reduction of the axial force near the pile
tip is smaller than that of the upper part. The reason for this formation is — as the pile tip is somewhat closer to the tunnel

Key words: Tunnel excavation, Piled raft, Axial force, Bending moment, Finite element analyses
Contact address: Nagoya Institute of Technology, Gokiso-cho, Showa-ku, Nagoya 466, Japan, Phone &Fax-052-735-7157

-343-



3-172 oo0o0Odbe20 00O O0ODO(@O00O90)

crown the difference of the settlements between the ground and pile tip area is very small. The maximum reduction of the axial
force in the front pile is about 8% of the ultimate bearing capacity of the pile (Fig.4). The results in Fig.6 (rear pile) are
completely opposite of the results of the front pile due to the load transfer from the front pile and different shaft friction. In the
rear pile for D,/B=2.0 the axial force decrease, while it increase for D,/B=1.0. It indicates that ground settlement is larger than
that of the rear pile for D,/B=2.0, and it is opposite in the case of D,/B=1.0. The maximum increase of the axial force in the
rear pile is about 4% of the ultimate bearing capacity. Therefore, it can be said that the distance between the pile tip and the

tunnel crown is an important factor which controls the pattern of the axial force. The numerical simulation well captures the
profiles of the tunneling induced axial force.
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Figs. 7 and 8 show the induced bending moments on the front pile and rear pile due to tunnel excavation, respectively.
Figs.7(a) and 8(a) represent the results of the model tests, and Figs. 7(b) and 8(b) illustrate the computed results. It is seen in
the figures that bending moments develops due to the tunnel excavation, and its magnitude increases with the volume of
excavation. The maximum bending moment occurs almost at the upper part of the front piles, while the rear pile experiences
the maximum bending moment at the pile head. It is observed that the induced bending moments are larger for D,/B=1.0 than
that for D,/B=2.0. It is also noticed that the pattern of the induced moment is different in the rear pile for D,/B=2.0, which
indicates the dependency of bending moment of the pile on the distance between the pile tip and the tunnel crown. The
numerical analyses can perfectly capture the results of the model tests.

3 CONCLUSIONS

The distance between the pile tip and the crown of the tunnel plays an important role on the piled raft behavior. During tunnel
excavation the axial force of the pile changes due to stress relaxation and change of shaft friction. The numerical analysis can
well simulate the results of the model test for the tunneling induced piled raft behavior. Therefore, it can easily be said that the
FEMLij-2D can be used to predict pile behavior in tunneling properly.
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