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The Development of Height Adjustable Steel Manhole cover

Woo-Cheul Park
Dept. of Mechanical Design Eng., Kangwon National University
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Abstract Cast iron manhole lids cause environmental pollution during the manufacturing process, and the work
environment is very poor. In addition, if the height of the manhole cover does not match the height of the road
surface, it causes considerable inconvenience and safety problems. This study proposes a height - adjustable steel
manhole cover that can replace cast iron manhole covers and easily match the road surface with the upper surface
of the manhole cover. Structural analysis was performed to grasp the design variable of the structure of the manhole
cover, satisfying the required quality performance. To fabricate a manhole cover that satisfies the required load
capacity, the optimal design for the U-shaped reinforcement structure was made. The cylindrical shape of the height
adjustment part and the low frame were formed by bending the steel sheet into a circular shape and then welding.
Reinforcing bars were also made by bending a steel plate. The height adjustment groove was machined by a CNC
milling machine. Four prototypes were fabricated and a load bearing test was carried out, and new manhole cover
was made reflecting results of the test. In the load bearing test, there was no breakage of the welded part, and
deformation occurred mainly at the contact area between the groove and gusset plate. Deformation of 1 to 2.7mm
occurred due to a load of 450kN. On the other hand, after removing the load, there was almost no residual
deformation, and the load bearing evaluation was judged to be satisfactory because the manhole cover could be
disassembled and reassembled.

Keywords : Height adjustable frame, Load bearing, Reinforcement bar, Steel Man hole cover, Structural analysis

*Corresponding Author : Woo-Cheul Park(Kangwon National Univ.)

Tel: +82-33-570-6392 email: wchpark@kangwon.ac.kr

Received April 2, 2018 Revised (1st May 2, 2018, 2nd May 14, 2018)
Accepted June 1, 2018 Published June 30, 2018

581



A7 &8s =2 A A9 A6E, 2018

=

—

1. M

d
=

ko] Ao] oA 3 ALE] A%
op el whet, 2% A
AR =N I =R
o uhet o) el
T AT 2wl
g IS R Rk
el ol ik HA %
o] En

2 esE

=

ot
fo
-
>
>
ot
o

e

(RO
ll
e
ox,
=
offl
[
Y
o

o, ofil §

JE oL
ok o
ofl
o
N
ol
ol
=
=)

ot
o j
i
ki
2wy K
}m_ﬂm R

2 =
g U o

oy omy
N
)
ol
e
!

i

oz ol
e

2
1o o

o
=
3
= o

o
ot
o

ol
-

Hir o
i

oS
9,
)

S

o ol
4y rir lo

)

>

=
%9,
nu
of
o

7]

olf
b

of
fo
ol
>

o

9

ol

=

(o3

-

rlo (o

&
f

1z N
3y

oZ

—_—
[

2,
BN
)
o
2
>

)
=
o
o
]

o
rlo
=2

ot

o3l
[

g
ofo
e
-

RO

ko

2
ot
L _‘H i->~ _m A
s
o

Q‘L
N
HS 03

o
o,
Lo o

ro

L oo

o

oL

B

lHTT——_T uné‘}}]q' ‘/l:‘j/]a'7] —?»]“5‘]—0:1 7‘(_]

-, WE 8 ] AR Qlete] |

2
o
Sl
B
N
30,
S

Mo

=
)
o
frtl

NS

N

i

iR
s

]

2 o
ol
ol

1)

N N o
AQOH

& 9

— i

o i

>~
=

>

ol
o

9
, 2
L b o
B
L
lo

B
o
5

B

ol
-
£
2

U o
o

ol
oL
o
o
o

o 2 do o
rr oo
o
B~
QL
)

fd

i
30,
=
> W

2, 28
2.1 SOIZTY ME £2o| M

582

211 S0|=HH
2 AT A
g0l Aok AL B

19} e},

rg oo
i
TRl

(M o 2 oAl o o

—
ox

i<

o,

Manhole cover device

cover pad Reinforcement bar

Height
adjusting
frame

Glest i Flange ; Anti-theft
Plate agjﬁlsgtmg Rim gk ll)ocking
groove ar

Fig. 1. The configuration of the height adjustable steel
manhole cover
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Fig. 2. A uniformly distributed load is applied to the
center of a disk with a fixed end.
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Table 1. Parameter for approximate calculation

- Stress Deformation
Parameters Value Unit
E 2x10" Pa
T 178.45 mm
h 9 mm
Ty 324 mm
D 4,000 kPa

222 AX A @ o}

Stress . Deformation
AT E CreoE o&ato] WE 5749 A% (b)
& =Ygk & ANSYS workbench$} Creo simulation  Fig, 3. Comparison of calculation results of ANSYS
S ARl TR FaEATHe, 7. WEFE S workbench and Creo. (a)ANSYS Workbench
T $84002 AAEE Ao stk HAe] Ahew (b) Creo Simulation

SS400¢] EA x|+ Table 29} 2T}

Table 2. Properties of SS400

()
Poisson’s Ratio 0.26
Tensile Yield Strength 250 MPa
Tensile Ultimate Strength 400 MPa

FaE A3 Rolsb] A T2 Ao Ashn

Properties Value Unit
Density 7850 kg/m’
Young’s modulus 200 GPa

Reinforcement bar

(d)

< WE 54 A9 Alskuke] WA wUstA tae Fig. 4. Structural Analysis models of the height adjustable
), 23} a8 Ashae) A o) 400kNeo] 2Hg-5f manhole cover. (a)Analysis model, (b)Mesh,
= Aow A (c)Load condition, (d)Reinforcement bar
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Stress <1 von Mises Displacement it

(MPa)
LoadsetLoadSet] : MANHOLE_4_CONTAC

{mm)
Max Disp 1.5120E+00
Loadset:LoadSet! : MANHOLE 4 CONTACT|

136084
1.20964
°R.05843
090723

250000
231.250
212.500
193.750
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015120
000000

(a)

(b)

Fig. 5. Analysis results of manhole cover. (a)Stress
distribution (b)Deformation distribution
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Fig. 6. Dimensions of major parts (a)height adjust
diameter (b)gusset plate (c) Reinforcement bar
(d) cover pad
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Table 3. Evaluation items

Evaluation items Desired Actual Unit

value Value

Load bearing capacity 450 450 kN
Minimum height 110 110 mm
Heigh Adjusting range 100 100 mm
Weight of Manhole over 200 303.9 kg
Diameter $648+2 $646.5 mm
Yield stress 245 366 N/mm’

£

(2)

Fig. 7. Deformation areas by the load test. (a)Gusset
plate, (b)Height adjusting groove
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Fig. 8. The schematic diagram for the test of the load
bearing property.
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Fig. 9. Photo of the test of load bearing
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Fig. 11. Measurement of main dimensions.(a)diameter

(a)

(648mm), (b)minimum depth(20mm),
(c)maximum depth (120mm)
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