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Abstract [ Objective] In order to explore the feasibility of
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3D printing technology in making tunnel models, it is necessa-
ry to determine the effective rate values of the shield tunnel
longitudinal and lateral stiffness. [ Method] Through tensile
and compression experiments on photosensitive resin, epoxy
resin and nylon three materials, photosensitive resin is finally
selected as the model material for shield tunnel segments.
Through the calculation of the second law of similarity, the ex-
periment geometric similarity ratio is determined to be 1:30.
The experiment is conducted based on Wenzhou M1 shield tun-
nel project, the tunnel model is finely designed using 3D print-
ing technology, and the lining segments are connected with
curved bolts to restore their detailed structure. By loading the
3D printed tunnel model to eight levels in longitudinal and
transverse directions, the longitudinal and transverse stiffness
efficiency of different assembly processes is determined. At the
same time, ellipticitye is used to specifically describe the later-
al deformation degree of the tunnel under different external
loads. Finally, by comparing with the model experiments of
other scholars, the feasibility and accuracy of this method are
demonstrated. [ Result & Conclusion] The longitudinal stiff-
ness efficiency of the through-seam shield tunnel made by 3D
printing is between 0. 13 ~ 0. 20, and the transverse stiffness
efficiency is 0. 67; the longitudinal stiffness efficiency of the
staggered seams is between 0. 15 ~ 0. 30, and the transverse
stiffness efficiency is 0. 79. The stiffness of staggered-seam
tunnel is slightly greater than that of the through-seam tunnel.
The ellipticities of the homogeneous tunnel, the staggered-seam
shield tunnel and the through-seam shield tunnel are 1. 62%o,
1. 87%0 and 2. 55%o respectively. The through-seam tunnel
model has the greatest degree of flattening under external load-
ing.

Key words shield tunnel; stiffness efficiency; 3D printing

model test; through-seam and staggered-seam assembly
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Tab.1 Similarity ratio of main parameters
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Fig.1 Material mechanical properties test specimen
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Fig.2 Stress-strain curves for tensile and compression tests
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Tab.2 Elastic modulus of different materials
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Fig.3 3D model assembly details
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Tab.3 Parameters of original tunnel and model tunnel
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Tab.4 Parameters of original bolts and model bolts
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Tab.5 Conditions of lateral stiffness effective rate test
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Fig.5 Real picture of lateral stiffness effective rate test
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Tab.6 Conditions of longitudinal stiffness effective rate
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Fig.6 Real picture of longitudinal stiffness effective rate test
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Fig.7 Deformation curves at horizontal diameter
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Tab.7 Lateral stiffness effective rate of two-ring tunnel
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Fig.9 Longitudinal deflection curves
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Fig. 10 Deflection curves of the 8 th ring segment
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Fig. 11 Longitudinal stiffness effective rate

2.4 5L

FRAE SCHR [ 14 ] 470 25 I AT 2803 IO 918 Bl e
SCHRLT ] A2 1) 85 85035 22 AR AR TR i ) o 3 B T
SN FE A R 2 2y 0. 25 SCHER [ 10 ] 5 o A5 A0 4k
5545 H 3 4% R G O\ 1) P NI A AR R 0,18 ~
0. 39, % 4% % 16 9\ n] H1 25 NI B2 A 2% R 0.20 ~
0. 40 ; SCHK[ 15 ] 38 2o A5 20 35 DA A A ) o 3 470 25
JEARCEH 0. 10 ~0. 195 3CHR[ 16 ] IA g G\ a1 I B2 n]
P 20% ~30% HEATHTIR; SCHR [ 8 175 1 il 4% h% i
1) W B2 A 332 0. 67, B 55 B 1B 0. 755 SCHR
(17 1530k [ 8 ] 45 5 — 35, TA 4 4 ik 18 W B A AL
2R LI A R TE LRI A R = 2 15%

AWFFE 3D FTEASE RIS 1) W B A 20 A58
BRI SN 8 Fin o XF L BUAT R f aE Phb K
KI5 35 RN 45 5 ] UL . 3D T BN A N 115] Bk 3 M1
JEA RCRMSAR T SCHR [ 10 ] p il e 45 2R, 5 3Tk [ 7-
8 1A &h LA BT, LA 4% b 1 A W1 5 M 42 T3
SR SRR B 24T 15%

. 247 -



uIIiEFFJEII B3zim 22

URBAN uAss TRANSIT

*8 3D ITHIERBYEEREERERRBEELE
Tab.8 Test data summary of 3D printed models longitudi-

nal and lateral stiffness effective rate
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