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Abstract: A precast slab-assembled concrete utility tunnel connected by Ultra-High Performance Con-
crete (UHPC) consists of a base slab, sidewalls, and a roof slab, and the rebars protruding from the
base slab are lap-spliced with the longitudinal reinforcement of the sidewall by UHPC. To study the
mechanical properties of the precast slab-assembled concrete utility tunnel with UHPC connections, an
overall model of the utility tunnel was established based on the commercial finite element software
ABAQUS. A joint test of the utility tunnel was conducted to validate the model’ s rationality. The failure
modes, bearing capacity, and ductility of the specimens were in good agreement with the finite element
calculation results. On this basis, a parametric finite element analysis was conducted, focusing on key

parameters such as the axial compression ratio (0. 05, 0.1, and 0. 15) and the vertical location of the
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UHPC cast-in-place segment (at the base slab top surface, and 350 mm above it, and 500 mm above
it). The finite element analysis results showed that both precast and cast-in-place models failed due to
sidewall flexure, with the bearing capacity of the precast model being 3% lower than that of the cast-in-
place model. Compared to the utility tunnel with an axial compression ratio of 0, the bearing capacities
of the models with axial compression ratios of 0. 05, 0. 1, and 0. 15 increased by 11. 6%, 15.4%, and
18. 3%, respectively, while their ductility coefficients decreased by 2.4%, 5.4%, and 8. 6%, respec-
tively. The location of the UHPC cast-in-place segment had little effect on the overall bearing capacity
and ductility of the utility tunnel structure. In general, the precast slab-assembled concrete utility tunnel
with UHPC connections has good mechanical properties and shows broad prospects for engineering appli-
cations.
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Fig. 1 Finite element model of the precast slab-assembled

concrete utility tunnel with UHPC connections
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Fig.2 Schematic diagrams of dimensions and reinforcement

arrangement for the middle joint specimen

2.2 HRATE5XBLZRATIL
2.2.1 WEIRIEAEXT

IR RN AT RO R R R S i 3 iR, AR
JCAR Y il AR K 5 4t 2 SR A R, e 8 1 3 R R )
BESZ IS W N o i I 35 AR v e IS Al 5 0 RE Y 28 A
T X 3, i Ab BB AE A% AR BE R 2 R
T AR V%, 9 1) B9 7377 o 6% o
2.2.2 HHZk

4 25 8 7 B 25 1 5 A BR o BB RS 40 T 15 1Y
HA ML CEm ) . W E 758 8k M
LW A R4 A 8AE R R & 5
TR B B T B B IR o B A 0 {1 il R B B
FERLHT, 7 AR - G RIEA LM RS 45 H NI

177



WRIE AR L 45 -l P BB VR B MR R BB R BE -+ (UHPC) 3% 42 0 T AR 5 D 2k 25 5 48 IR A2 ) PR BB AT 5T

5]

(a) W AETE

(b) AT

(o) HBAICHIRLEE 1% FE B 15
i
40 /f},] i

]
333 |
w0 i
y%

(d) A BRICHE R B Mises B2 ) 5 &1, MPa
B3 kA BT B R 25

Fig.3 Failure modes from tests and finite element analysis
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Fig. 4 Skeleton curves of the specimen (forward loading)
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