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Optimization of diameter to thickness ratio of glass fiber

reinforced plastics mortar pipe for highway

WANG Qing-zhou, LIANG Xiao, WEI Lian-yu, WANG Yang
(School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: In order to solve the problem of lacking the standard and basis for designing the wall
thickness of glass fiber reinforced plastics mortar pipe for highway. the basic mechanical
parameters of different pipe thickness were obtained through the compressive property test,
tensile property test of pipe. Combined with in-service static load test of glass fiber reinforced
plastics mortar pipe, the stress of pavement base and the deformation of pipe under the action of
vehicle load were obtained. The numerical analysis model of glass fiber reinforced plastics mortar
pipe under automotive load were established by ABAQUS software, the splitting strength value
of the pavement base material and the maximum permissible deformation of the pipe were used as

the control index, the optimal values of the ratio of pipe under nine different working conditions,
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including the inner diameter of pipe and the depth of buried pipe were studied. The results show
that the optimal diameter to thickness ratio of pipe is related to the inner diameter of pipe and the
soil depth of pipe. When the inner diameter of pipe is 1. 0 m, the soil depth of buried pipe is 1,
1.5 and 2 m, the optimal wall thickness of pipe is 20 to 25, 25 to 30 and 32 to 37 mm, and the
optimum diameter to thickness ratio of pipe is 40 to 50, 33 to 40 and 27 to 31 respectively. When
the inner diameter of pipe is 1.5 m, the soil depth of buried pipe is 1, 1.5 and 2 m, the optimal
wall thickness of pipe is 28 to 33, 32 to 37 and 35 to 40 mm, and the optimum diameter to
thickness ratio of pipe is 45 to 53, 40 to 46 and 37 to 42 respectively. When the inner diameter of
pipe is 2. 0 m, the soil depth of buried pipe is 1.5 or 2 m, the optimal wall thickness of pipe is 35
to 40 or 40 to 45 mm, and the optimum diameter to thickness ratio of pipe is 50 to 57 or 37 to 44.
Under the premise of ensuring the overall structure of the load and the structural safety of the
pipe itself, the most economical wall thickness can be selected according to the diameter of the
pipe and the soil depth of the buried pipe, thereby saving the raw material cost of the pipe and
reducing the cost of the culvert engineering of the glass fiber reinforced plastics mortar pipe.
6 tabs, 14 figs, 25 refs.
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Tab.1 Thickness of fiber winding layer and sand layer

1 FRPM B AZESH

1.1 FRPM I,"F.lijjl\ under different pipes wall thickness mm
FRPM J& — Rl LS §6 1 5% 1 A 1 25 S 56 1 4 REAR
1 AY M2 - Vo, AN Mo = £ ,\ z ,‘ = ,‘ = ,‘
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S2-3 5% Sl Sl
J A o ] 225 % 14] 15 N
iﬁﬁ”ﬁﬂg‘ﬁ ° /H‘EE'%MV\]iMI\WU\j‘]V? 50 2.4 | 14.2 | L2 | 14.2 | 1.2 | 14.4 | 2.4
RIENGEEE R . AN GNP IR E R 45 2.4 | 12.6 | 1.2 | 12.6 | 1.2 | 12.6 | 2.4
WL ZRAMESZT L a2 T B e J2 4 R ] 20 | 2.4 | 17.0 | L2 | 17.0 | 2.4
FROMEE R 2, IF B 450 )2 10 )2 5K 5 48 B = 1 35 | 2.4 | 145 | 1.2 | 145 | 2.4
ROV NOELEE RAMILEZ EE MW AR AME e | 24 | 150 12 | 150 | 2
W 2T 4 TR Wl 5 AR M R, AgEe %0 | 24 [ 2o 12 [0 | o
éf':f*@ﬁﬂlzl 1 FJTZI—'\‘O 25 2.4 9.5 1.2 9.5 2.4
20 2.4 7.0 | 1.2 7.0 | 2.4
4 =
_____ IR R 18 2.4 | 13.2 | 2.4
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Tab.2 Basic mechanical parameters of FRPM

e | R | PR | B s | SR b | Bl
JESREE | FESREE | PERIN/ |PEBI/ | R EE/ | R/
{8 /MPa | {i /MPa GPa GPa MPa MPa

W e e =
50 49.93 | 40.79 | 4.84 | 3.04 | 84.63 | 7.48
45 47.15 | 38.04 | 5.03 | 3.33 | 83.41 | 7.29
B 1 RS H R 40 43.20 | 36.15 | 5.41 | 3.82 | 79.32 | 7.01
Fig.1 Schematic of pipe wall structure 35 41.59 | 35.56 | 5.72 | 4.05 | 76.38 | 6.92
1.2 FRPM A =FIEHFRSH 32 40.01 | 33.42 | 5.86 | 4.22 | 75.01 | 6.77
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3%[17]0 é@?}%}%tpﬁéﬁ?cléﬁé%ﬁﬁy 57. 520,%ﬁ)%' 25 37.31 30. 37 6.55 4. 89 71.05 6.37

20 34.79 28. 30 6.89 5.27 69. 30 6.03
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Fig. 6 Hoop strain of inner ring
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Tab. 4 Peripheral soil calculation parameters
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Fig. 14 Radial deformation under different conditions
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Tab. 6 Optimum pipe wall thickness and optimal ratios of

diameter to thickness under different conditions
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T 1 20~25 10~50
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