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Design and Prototyping of Lifting Devices for Manhole Cover using
Structural Analysis and 3D Printing
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Abstract In order to maintain manholes installed on the road, the manhole should be easy to open and close. Manhole
covers under harsh conditions require that they can be lifted when attempting to open the manhole because the frame
and cover are stuck and difficult to open and close. In this study, the design of a lifting mechanism was carried out
to improve and integrate the locking type manhole. The mechanism of the locking manhole is that when the bolt
located at the center is turned, the hub connected with the bolt descends, and the hook connected to the hub is rotated.
The end of the hook is hooked to the manhole frame. The auxiliary device was installed on the hook so that the
manhole cover can be lifted. The structure was designed to endure about 300kg of lifting force based on 70% of
the yield stress of the hook to perform lifting function. The shape design was performed through the structural analysis
using the finite element method. First, the basic design was performed with the simplified 2-dimensional model and
the attachment position and shape were designed through the 3-dimensional model. In order to find out the structural
problems of the designed shape, the scale downed model was fabricated through 3D printing and confirmed that the
lifting function worked. Finally, it was confirmed that both the locking and the average lifting of about 6.1 mm can
be done by applying the lifting mechanism through the machining and applying it to the existing locking manhole.
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Fig. 2. Sectional view of the universal locking-type
manhole (a) open (b) locking
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Fig. 3. Components of locking-type manhole
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Fig. 6. Analysis model for 2D FEM simulation
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(b)
Fig. 7. von Mises stress distribution of manhole
assembly for lifting (a) 60 kg of cover (b)
200kg of cover and additional load
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Fig. 9. von Mises stress distributions of hook and
lifting device assembly (a) basic model (b) pin
hole shifting (c) adding pin modeling
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(b)
Fig. 10. Sectional views of locking and lifting statues

(a) locking (b) lifting and opening
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Fig. 11. 3D printed parts (a) ABS polymer (b) Stainless
steel (STS 316L)

Fig. 12. Assembled 3D printed model (scale 43:1) (a)
face view (b) bottom view (c) detailed view
of assembled parts

Fig. 13. Lifting state of manhole cover using 3D
printed manhole assembly
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Fig. 14. Machined parts and assembled to manhole (a)
hook and lifting devices (b) assembly
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Fig. 15. Position of the lifting device and the manhole
frame at the end of lifting experiment

© ®

Fig. 17. Height measurement according to the
circumferential position (a) 7.5 mm at 0°
(b) 9.0 mm at 60° (c) 7.0 mm at 120° (d)
4.5 mm at 180° (e) 2.0 mm at 240° (f) 5.0
mm at 300°

Table 1. Lifting height measurement of manhole cover

Circumferential Height Designated Points
Position (CCW) | [mm] &
1 0° 7.5
2 60° 9.0
3 120° 7.0
4 180° 4.5
5 240° 2.0
6 300° 5.0
minimum 2.0
maximum 9.0
Average 6.1
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Fig. 16. Experiment of lifting of manhole cover with
respect to the bolt rotation (a) 0° (b) 90° (c)
180° (d) 270° (e) 360° (f) 450° (g) 540° (h)
630° (i) 720° (j) 810° (k) 900° (1) lifted

manhole cover
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