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A bstract: The repair of manhole raise has been caused much construction times and disruption of traffic flow, serious 
environmental pollution from crushed construction wastes, and budget waste due to the repeated repair construction 
works. In order to overcome such problems, we have developed the new manhole repairing composite structures by 
using a glass fiber-reinforced polymer (GFRP) pipe, which can raise manhole to the regular height of the overlayed 
road pavement with rapid construction and minimum traffic jams. This environmental-friendly technology is method 
completed by the methyl methacrylate monomer (MMA) double wide flanged GFRP pipe composite structures in order 
to raise manhole to the regular height. In this paper, two kinds of the compressive strength tests of MMA mortar 
composites were conducted and evaluated by a general compressive strength test, and compressive strength test after 
freezing-thawing resistance test. It was found that this MMA mortar composites will be used for the application of the 
double wide flanged GFRP pipe composite structures.
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1. INTRODUCTION

Currently, the repair technology of manhole raise 
due to the overlay of road pavement has been caused 
much construction times, disruption of traffic flow, 
serious environmental pollution from crushed 
construction  wastes, and excessive budget waste due 
to the repeated repair works. Mostly, the repair 
technology of manhole raise has been using the 
concrete composite structures made of conventional 
construction materials. The concrete composite 
structures casting in place of manhole raise resulted in 

a disruption of traffic flow because much construction 
time is needed in assembling forms, casting and curing 
the concrete. An environmental-friendly  technology of 
manhole repair which can raise manhole to the right 
height of the overlayed road pavement with rapid 
construction, and minimum traffic jams under 
construction are required(Seo et al., 2012, ACI, 
2008a). The manhole repairing composite structures 
with Fiber Reinforced Polymer (FRP), and polymer 
concrete (Ji et al., 2003) are considered as a potential 
solution to the repair problem of manhole due to the 
material’s superior properties, such as high strength or 
strength per unit weight, fast construction, easy 
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Specimen 
Binder

Filler Fine 
Aggregate MMAa UPb SRc

CPM-1 303.8 130.2 46.0 434.0 2,114
CPM-2 260.4 173.6 46.0 434.0 2,114
CPM-3 217.0 217.0 46.0 434.0 2,114
CPM-4 130.2 303.8 46.0 434.0 2,114
CPM-5 0 434.0 46.0 434.0 2,114

installation and reduction of maintenance costs. FRP 
materials have recently been used in the area of civil 
engineering constructions (Son et al., 2013; CSA, 
2002). In order to overcome these problems, we have 
developed the new composites structures for the 
manhole repairing  by using a glass fiber-reinforced 
polymer(GFRP) pipe, which can  raise manhole to the 
regular height of the overlayed road pavement with 
rapid construction and minimum traffic jams. This 
technology of manhole repair is method completed by 
double wide flanged GFRP pipe composite structures 
in order to raise manhole to the regular height. This 
flange member is made of methyl methacrylate 
monomer (MMA) resin mortar, fine heavy calcium 
carbonic, and fine aggregate. The  characteristics of 
MMA resin mortar are its  high early strength, curing 
even in low temperature, and high abrasion resistance. 
The MMA resin has  low viscosity, and flexible  as a 
binder for resin mortar (Omata et al., 1997). Rebeiz et 
al. (1994) report on the mechanical properties of 
polymer concrete systems made with recycled plastic. 
Kwon et al. (2015) report on the use of the lathe 
scrap, a by-product of steel manufactures, for making 
fiber reinforced cementitious composites. The MMA 
resin is ideal for making flange member that will be 
connected to the GFRP pipe composite structures. 
However, due to the lack of data for performance and 
durability of the MMA double wide flanged GFRP 
pipe composite structures, it is not common practice 
for pavement engineers to use the MMA double wide 
flanged GFRP pipe composite structures to fix and 
raise manhole. 

The main objective of this paper is to describe the 
strength properties by the materials test and its 
member design of MMA mortar composites for the 
fabrication of the MMA double wide flanged GFRP 
pipe composite structures. Currently, though the fibers, 
such as steel fiber, glass fiber, are used for increasing 
of concrete's flexural strength, the material's cost is 
expensive. In this study the MMA mortar composites 
were made with recycled the precious slag(PS) ball as 
a by-product. It was found that this 
environmental-friendly, economic the MMA mortar 
composites were able to use the repair technology by 
using the MMA double wide flanged GFRP pipe 
composite structures. 

2. MATERIAL TEST

2.1 Design of mixing proportional
The material tests for the MMA resin mortar were 

conducted before manufacturing a flange with the wide 
width. This wide flange will be used for the 
manufacture of the wide flanged GFRP pipe composite 
structures for manhole raise. The properties of resin 
materials as the binders for mixing of the mortar 
composites are shown in Table 1. 

Table 1. Properties of resin materials

Material Specific 
Gravity

Acid 
Value

 
Viscosity

(ps, 
20oC) 

Gel 
Time 
(min)

UPa resin 1.102 19.9±4 1.80 13.4
MMAb resin 0.943   - 1.50 20.0

UPa ; unsaturated polyester 
MMAb ; methyl methacrylate monomers

MMA is low viscosity, flexible resin for use as a 
binder for polymer mortar. As mentioned above, the 
specimens of resin mortar composites are made of 
MMA resin, fine heavy calcium carbonic, and fine 
aggregate. Table 2 shows the mixing proportional of  
resin mortar composites in unit weight. In this design 
of mixing proportional, the goal of the compressive 
strength is over the 40  for meeting the 
requirement of specification.

Table 2. Mixing proportional of the resin mortar 
composites (unit weight: kg/m3)

MMAa ; methyl methacrylate monomers
UPb ; unsaturated polyester
SRc ; shrinkage-reducing additive

2.2 Fabrication of specimens and test
The materials test was conducted according to the 

Korean Standard (2002). The size of cylinder mould is 
×. The total of 15 specimens of 
cylinder mould are manufactured according to the 
mixing proportional as shown in Table 2.  In these 
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material tests, two kinds of the compressive strength 
tests were conducted and evaluated by: 1) general 
compressive strength test, 2) compressive strength test 
after by freezing-thawing resistance test. 

Fig. 1 The view of the mixer of the MMA resin mortar. 

 

Fig. 2 The view of the compressive strength for the 
MMA cylindrical mold by UTM.  

       

 

Fig. 3 Experimental setup (MMA materials test)
 

The test of results are shown in Table 3. 

Table 3. Test results of compressive strength test for 
MMA resin without PS ball (in curing 7 
days)

Specimen Exp.1
(MPa)

Exp.2
(MPa)

 Exp.3
(MPa) 

Mean 
value
(MPa)

CPM-1 25.6 34.4 31.2 30.4
CPM-2 32.2 32.9  32.7  32.6
CPM-3 28.6 32.0  31.6  30.7
CPM-4 26.9 24.0  26.7  25.9
CPM-5 21.6 26.5  25.8  24.6

As shown in Table 3, the maximum compressive 
strength in 7 curing days for the MMA resin materials 
is 32.6 MPa in the specimen, CPM-2. The optimal 
mixing proportional of composite resin mortar is 
decided in the specimen, CPM-2 based on the material 
tests. Additionally, the material tests were conducted 
for the specimens with the PS (precious slag) ball.  
This material of PS ball is made from crushed the 
precious slag in the recycling materials. From the 
compressive strength of 7 curing days, the strength of 
28 curing days will be calculated. The maximum 
compressive strength in curing 28 days is 73.3 MPa.. 
Table 4 shows for maximum compressive strength for 
the mortar made of  MMA resin materials in 28 
curing days is 73.3 MPa with a precious slag(PS) ball 
recycled. 

Table 4. Test results of compressive strength test for 
MMA resin mortar with PSaball(in curing 
28days)

Specimen
Exp.1
(MPa)

Exp. 2
(MPa)

 Exp.3
(MPa) 

Mean 
value
(MPa)

CPM-2 72.7 74.3 73.0   73.3
PSa ; precious slag

 
Table 5 shows the compressive strength for the 

mortar made of MMA resin materials after the 
freezing-thawing resistance test. 

Table 5. Test results of compressive strength test for 
MMA resin mortar after the freezing-thawing 
resistance test (100 cycle)

Specimen Exp.1
(MPa)

Exp.2
(MPa)

 Exp.3
(MPa)

Mean 
value
(MPa)

CPM-2 51.6 53.6  54.7    53.3
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2.3 Strength characteristics
The compressive strength for the MMA resin mortar 

after the freezing-thawing resistance test is shown in 
53.3 MPa decreased 27%, when compared to the 
strength, 73.3 MPa of normal specimen not to take 
the freezing-thawing resistance test. The test result 
meets the design requirements over 40 MPa for the 
resin mortar.

3. STRUCTURAL ANALYSIS

A structural analysis for by ANSYS (2005) was 
carried out for the two kinds of height adjustment 
pipe composite structures with double wide flange for 
manhole raise: 1) a concrete mortar double wide 
flanged concrete pipe composite structures 2) a  MMA 
double wide flanged GFRP pipe composite structures. 
The two kinds of composite structures for manhole 
raise were modeled by 8-node shell elements., while 
the flange ring was modeled by solid elements. The 
adhesive bonds between the  pipe and the wide flange 
ring were assumed in the model as rigid connections. 
The overall FE model for the manhole composite 
structures with wide double flanged pipe is shown in 
Fig. 3. 

XY Z

   

XY
Z

XY Z

Fig. 4 FE model of the manhole composite structures 
with wide flanged pipe (ANSYS)

The boundary conditions in axial load test were 
modeled as a fix for the end support. The boundary 
conditions at nodes of the double wide flanged pipe 
composite structures were modeled as constrained 
displacement in the vertical direction. 

As the FE analysis. the applied load of the 
composite structures are 96kN. The material properties 
of the concrete pipe, and manhole steel cover for the 
structural analysis are shown in Table 6.

Table 6. Properties of concrete materials

Material  ()   ()

Steel 200,000 0.3 -
Concrete 25,181 0.2 18

The details of properties of constituent FRP 
materials are given in Table 7. 

Table 7. Properties of constituent materials 

Material E G  

E-glass 
fiber

72391.35
MPa

27578.0
MPa 0.22 25.4

3/kN m

Vinyl ester  
 resin

3910.26
MPa

1378.9
MPa 0.37 12.4

3/kN m

The stiffness properties of a lamina can be 
calculated by the micro-mechanics models by using the 
values listed in Table 7 based on several simple rules 
of mixtures, as shown below:

)1(01 fmff VEVEE                      (1)  
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)1(12 fmff VV                    (4)        
                                            

where =efficiency factor of the fiber. For 
unidirectional fibers, =1.0; bi-directional fibers, 
=0.5; randomin-plane fibers, =0.375. mf EE ,

=Young’s modulus of the fiber and matrix; mf GG ,

=shear modulus oft he fiber and the matrix; mf  ,

=Poisson’s ratio of the fiber and the matrix.
The GFRP pipe is composed of the upper facing,  

core, and lower facing as shown in Fig. 4. The FRP 
laminate in the facing has a resin to E-glass fiber, and  
the core has a resin mortar. 

Fig. 5 Constituent structure of a GFRP pipe

Each elastic constants of the facing and core are as 
listed in Table 8. 

Table 8. Engineering properties of each lamina of pipe 
predicted using micro mechanics model

Lamina 
type

Ply   
orientation


()


()


()



Facing 0◦/90◦ 37.65 6.42 2.61 0.31

Core - 30.83 30.83 - 0.39

`
3.1 Concrete pipe composite structures
The displacement and strains of the mortar double 

wide flanged concrete pipe composite structures are 
compared at the maximum design load, 96 kN(MOCT, 
2002). The predicted yield load was considered as over 
900 kN. Fig. 5, and 6 are shown the displacement, 
and strain of the mortar double wide flanged concrete 

pipe composite structures by ANSYS. The maximum 
displacement is 1.09mm, and stress is 1.35  .

 

MN

MX

XY Z

                                                                         -1.09498
-.973308

-.851631
-.729954

-.608277
-.4866

-.364923
-.243246

-.121569
.108E-03

Fig. 6 Displacement of the specimen with concrete pipe  
(ANSYS)

 

 

MN

MX

                                                                         -5.16063
-4.43681

-3.71298
-2.98916

-2.26533
-1.54151

-.817681
-.093856

.629969
1.35379

Fig. 7 Strength of the specimen with concrete pipe 
(ANSYS)

 
3.2 GFRP pipe composite structures
The displacement and strains of the MMA double 

wide flanged GFRP pipe composite structures are 
compared at the maximum design load, 96 kN. The 
predicted yield load was considered as over 900 kN. 
Fig. 7, and 8 are shown the displacement, and strain 
of the MMA double wide flanged GFRP pipe 
composite structures by ANSYS. The maximum 
displacement is 1.13mm, and stress is 4.58  .

MN

MX

XY Z

                                                                        -1.13613
-1.00973

-.883323
-.756918

-.630513
-.504108

-.377703
-.251298

-.124893
.001512

Fig. 8 Displacement of the specimen with GFRP pipe  
(ANSYS)
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MN

MX

                                                                        -15.4786
-13.2492

-11.0198
-8.79047

-6.5611
-4.33174

-2.10237
.126996

2.35636
4.58573

Fig. 9 Strength of the specimen with GFRP pipe 
(ANSYS)

3.3 Analysis results and discussion.
Both of composite structures for manhole raise 

described above were shown the structural safety under 
the standard truck load, 96kN (MOCT, 2002). The 
structural analysis was conducted for two kinds of 
materials composite structures for raising the manhole 
raise. When it comes to think rapid construction and 
minimum disruption to public traffic flow, the MMA 
mortar composites and GFRP pipe have more 
advantages, such as the working time, construction 
cost, than the concrete pipe of height adjustment. 
Much time is required in assembling moulds in the 
concrete pipe of the height adjustment for the manhole 
repair. Therefore, as the height adjustment pipe for the 
manhole raise, the GFRP pipe will be used in the 
developed method in this study. the MMA double 
wide flanged GFRP pipe composite structures will be 
manufactured and tested under axial load test, fatigue 
load test, and ultimate load test in the next research 
step.

 4. MEMBER DESIGN AND FABRICATION

The concrete composite structures casting in place 
for manhole raise on the road pavement is not so 
environmental-friendly manhole repair technology. 
General pattern around the damaged manhole is shown 
in Fig. 9. In order to improve the problems of the 
cracked road pavement, the composite structures for 
the height adjustment are required such as the pipe 
structures.

Fig. 10  Pattern around the damaged manhole

The primary members of the wide flanged pipe 
composite structures for raising manhole to the regular 
height of the road pavement are the pipe of the height 
adjustment and wide flange. 

From the structural analysis comparison mentioned 
in section 3, The MMA double wide flanged GFRP 
pipe composite structures sample was finally designed 
under the DB-24 load (MOCT, 2002). The appearance 
of a manhole raise by using the double wide flanged 
GFRP pipe composite structures is shown in Fig. 10. 

 

Fig. 11 Appearance of an example manhole raise by 
using MMA wide doubled flanged GFRP pipe 
composites structures 
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The detailed drawing samples for the composite 
structures of  manhole raise as shown in Fig. 11. The 
composite structures were fabricated as following 
sequences: 1) manufacture of wide flanged tubular ring 
by using MMA resin mortar; 2) manufacture of 
composite structures with the GFRP pipe inserted the 
double wide flanged tubular ring; 3) manufacture of 
double wide flanged GFRP pipe composite structures 
filled with the cement mortar to the edge of ring.  
The double wide flanged GFRP pipe composite 
structures consist of the upper ring, GFRP pipe, and 
the lower ring as shown in Fig. 3. An overall 
geometry of double wide flanged GFRP pipe 
composite structures is 200 mm deep. The ring is 30 
mm thick, and the GFRP pipe with thickness of 12 
mm is 140 mm deep.  

 

Fig. 12 The proposed MMA wide doubled flanged GFRP 
pipe composites structures for a manhole raise 
(all dimensions in mm)

4.1 Design and fabrication of MMA mortar 
composites flange

From above mentioned in section 2, the optimal 
mixing proportional of composite resin mortar, CPM-2, 
the flange of MMA mortar composites was designed 
for  the proposed MMA double wide flanged GFRP 
pipe composite structures for a manhole raise 
construction in road pavement construction as shown 
in Fig. 12. 

 

Fig. 13 Plan view of the MMA ring (all dimensions in 
mm)

 

Fig. 14 View of manufacture of the MMA flanged 
tubular ring. 

 

Fig. 15 View of manufacture of MMA ring

The MMA mortar composites were used for the 
MMA double wide flanged GFRP pipe composite 
structures for the manhole raise, The GFRP composite 
structures were fabricated for the evaluation of 
structural performance as shown in Fig. 14. In this 
fabrication, the GFRP pipe was used a product made 
by the Hankuk Fiber Group (2004). This GFRP pipe 
has high stiffness by forming sand stratum in order 
for glass fibre continuous layer to reinforce interior 
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and exterior surfaces. The GFRP pipe is required in 
the mechanical properties as listed in Table 9. The 
maximum compressive strength is 80  . for the 
GFRP pipe used as the height adjustment pipe in this 
study. The coefficient of thermal expansion is 
×  , while the coefficient of thermal 
expansion of concrete is ×  .
 

Table 9. Required range of the mechanical properties

Tensile strength 50 - 550 MPa

Elastic modulus 3.5 ×103 - 34.5 ×103 MPa

Bending strength 70 - 480 MPa

Compressive strength 70 - 280 MPa

 
 

 

Fig. 16 Specimen of composite structures for manhole raise

The total of 9 specimens are fabricated. The 
specimens can be separated into 3 types: 1) double 
flanged, single-skinned GFRP pipe composite structure 
(type I) as shown in upper side of Fig. 6, 2) double 
flanged, doubled-skinned mortar filled GFRP pipe 
composite structure (type II) as shown in lower side 
of Fig. 6, 3) double flanged, single-skinned mortar 
filled GFRP pipe composite structure (type III) as 
shown in  Fig. 15. Especially, the specimen shown in 
Fig. 14 was fabricated considering the landfill state of 

mending manhole raise construction after excavating 
the existing paved road..

  

Fig. 17. Specimen of composite structures of landfill state 
for ultimate load test

 As shown in  Fig. 14, the specimen for the purpose 
of performance will be tested by axial ultimate load 
test in next research step.

5. CONCLUSIONS

In this study, two kinds of different materials wide 
flanged pipe composite structures for manhole raise 
were analyzed through the structural analysis. From 
this results based on the structural analysis, the 
following conclusions are drew. It was found that the 
technology of MMA double wide flanged GFRP pipe 
composite structures is environmental-friendly repair 
technology. Also, the technology is expected that will 
be able to short working times and construction costs  
with compare the other construction methods. Also, 
environmental pollution and civil complaints will be 
prevented because there will be no longer any noises, 
vibrations, dust, or construction wastes. 

From the materials test. the maximum compressive 
strength in 7 curing days for the MMA resin materials 
is 32.6 MPa in the specimen, CPM-2. The optimal 
mixing proportional of composite resin mortar is 
decided in the specimen, CPM-2 based on the material 
tests. Additionally, the material tests were conducted 
for the specimens with the PS (precious slag) ball.  
This material of PS ball is made from crushed the 
precious slag in the recycling materials. Table 4 shows 
for maximum compressive strength for the MMA resin 
materials in 28 curing days is 73.3 MPa with a PS 
(precious slag)  ball. Table 5 shows the compressive 
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strength for the MMA materials after the 
freezing-thawing resistance test. The compressive 
strength for the MMA materials after the 
freezing-thawing resistance test is shown in 53.3 MPa 
decreased 27%, when compared to the strength, 73.3 
MPa of normal specimen not to take the 
freezing-thawing resistance test. The test result meets 
the design requirements over 40 MPa for the resin 
mortar. Therefore, the MMA mortar composites and 
GFRP pipe will be effectively used to fix and raise 
manhole to the regular height with rapid construction 
and minimum disruption to public traffic flow.
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