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An Evaluation of Flexural Behavior of Fume Pipe Repaired by Hybrid Concrete
Repair Materials

Sung Won Yoo'> Young Cheol Choi*

Abstract : In this study, we developed a repair material incorporating PVA powder resin and nylon fiber into cemented carbide used in the existing
field to improve adhesion performance and water tightness with existing concrete. Flexural behavior evaluation was performed. The main experimental
variables were PVA powder resin, nylon fiber mixing rate and damage type, and performance tests were conducted to evaluate compressive strength
and flexural behavior after repairing materials. It was found that all formulations fully satisfied the required performance of the repair material. The
flexural strength test results of the repaired tube specimens showed that the performance of the repaired materials was maximized when the nylon
fiber was added and the PVA powder was added in an appropriate amount. The flexural behavior of all the specimens showed the flexural behavior
of the structural members with a low rebar ratio, suggesting that the amount of iron wire in the domestic fume pipe was somewhat insufficient. That
is, it was confirmed that the amount of reinforcement of the steel wire was somewhat small, so that the concrete was cracked before the behavior of
the concrete and the steel wire reached the extreme state, and the concrete was immediately destroyed beyond the tensile strength of the concrete.
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Table 1 Chemical compositions aof raw materials.

Chemical Compositions(%o)

Rapid hardening cemnet

CaO 50.8
SiO, 10.2
MgO 14
AlLOs 16.7
SO; 15.5
Fe,O; 1.3
K,0 0.4
LOI 1.6
Physical properties
Density (g/cm’) 2.87
Blaine (cm?/g) 5,380
Table 2 Mix proportion
W/B  Mixture proportions(kg/m’) R NF
ID
() W C RP P Na Sand (&) (9
RC 43 287 665 - - - 1042 665 -

RC-NF0.03-R4.5 43 287 635 30 - -
RC-NF0.03-R7.5 43 287 615 50

1042 665 200
- 1042 665 200

W : Water, C : Rapid hardening cement
RP : PVA powder, NF : Nylon fiber, R : Retarder
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Fig. 1 Test setup of compressive strength
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Table 3 Test variables of experiment of fume pipe

ID

Concrete type

Initial damage rate

(thickness)

Plain general -

RC-5 RC 50 % (25 mm)

RC-10 RC 100 % (50 mm)
NF0.03-R4.5-5 RC-NF0.03-R4.5 50 % (25 mm)
NF0.03-R4.5-10  RC-NF0.03-R4.5 100 % (50 mm)
NF0.03-R7.5-5 RC-NF0.03-R7.5 50 % (25 mm)
NF0.03-R7.5-10  RC-NF0.03-R7.5 100 % (50 mm)
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50, 600
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200
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700

200

(b) Type - 50mm

Fig. 2 Shape of initial damaged pipe
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Fig. 3 Test setup
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Fig. 4 Test setup of strain gauge

Fig. 5 Test pipe with initial damage

Fig. 6 Test pipe after repair

SHE =268 MPa,

B Ao A 2 FeYsA] ko, Az A AAISE gk
< A3kt AAE HA
Z7=201,700 MPa 18] 1 Q147 5+ 327 MPa ©]th

A



A 271842 Ad A@A 2] A% F FA-L Fig. 59
UERNGlom, 0193 %7] 4230] B T o] 34

of YR AT

31 QEus

9bA) A1 Table 29} 22 Al £ W3] th}e] PVA 2
oA BT B IR A EYSL WS S] 457
S8 24T APADE BEFA SH0) B 647 1
U, 39 AN GEHEE ZHFY O, Fig, 7 157
29] QEAE 24 Asjolt,

PVA &84 EQ o] S7He5 A4 =7 Hashe
Zd%o] vEhstth 2 o] wi ol A 3 & Ht s s
= ¢F62MPaZE A= =% =13 EURO code (EN 1504-3)°l]
A TATRE 4EAE 25~45MPag] B9 A3E Jeh =
2 REHjgte] Ry R 87 %S 0] v A
© 2 YEPGTHEN1504-3, 2005).

w
o

W 6 hours
H 1 day
M 3 day

[=2]
(=]
I

Compressive Strength [MPa]
(75}
o

[=]
!

RC RC-NF0.03-R4.5 RC-NF0.03-R7.5

Fig. 7 Compressive strength

Table 4 Test results of pipe about crack, yield, ultimate load

D Crack load  Yield load Ultimate load

(kN) (kN) (kN)

Plain 0.62 18.75 41.47
RC-5 0.68 20.01 3943
RC-10 091 15.33 37.78
NF0.03-R4.5-5 0.45 16.75 32.67
NF0.03-R4.5-10 1.36 19.58 43.08
NF0.03-R7.5-5 0.63 17.29 42.94
NF0.03-R7.5-10 0.69 18.92 37.60
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Fig. 8 Failure shape of the front view

Fig. 9 Failure shape of inside repair part
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Fig. 13 Load-displacement relationship of 10 mm initial damaged pipe
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Fig. 14 Load-concrete strain relationship of 5 mm initial damaged pipe
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Fig. 15 Load-concrete strain relationship of 10 mm initial damaged pipe
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Fig. 16 Load-steel strain relationship of 5 mm initial damaged pipe

60

50

-J-’_‘J;;-"—-l
.—ﬁ.l-"'

Load [kN]

Plain

RC-10

NFD 03-Rd 5-10
= = = NF)O2-R7 510

0 F . . : : . . .
0 200 400 600 800
Steel strain [x 109]

Fig. 17 Load-steel strain relationship of 10 mm initial damaged pipe

References

1. Ministry of Environment(2015), Ground subsidence sewer pipe
investigation manual, Ministry of Environment, Korea, 1-6.

2. Allen, R. T. L., Edwards, S. C., Shaw, D. N. (1992), Repair of
concrete structures 2nd Edition, Spon Press, New Delhi, 56-65.

3. Kosednar, J., Mailvaganam, N. P. (2005), Selection and Use of
Polymer-Based Materials in the Repair of Concrete Structures,
Journal of Performance of Constructed Facilities, 19(3),
https://doi.org/10.1061/(ASCE)0887-3828(2005)19:3(229).

4. Cabrera, J. G., Hasan, A. I. (1997), Performance properties of
concrete repair materials, Construction and Building Materials,
11(5-6), 283-290.

5. Noor, M. A., Uomoto, T. (2004), Rheology of high flowing mortar
and concrete, Materials and Structures, 37(8), 513-521.

6. Mehta, P. Kumar and Monteiro, Paulo J. M.(2006), Concrete 3rd
Edition, McGraw-Hill, New York, 207-209.

7. Papadakis, Vagelis G., Fardis, Michael N., and Vayenas, Costas
G.(1991), Fumdamental Modeling and Experimental Investigation
of Concrete Carbonation, ACI Materials Journal, 88(4),363-373.

8. ASTM C305(2014), Standard Practice for Mechanical Mixing of
Hydraulic Cement Pastes and Mortars of Plastic Consistency,
American Society for Testing and Materials.

J. Korea Inst. Struct. Maint. Insp. 97



9. ASTM C109/C109M(2016), Standard Test Method for Compressive importance of the European standard EN 1504, on the protection

Strength of Hydraulic Cement Mortars, American Society for and repair of concrete structures, Journal of Building Pathology

Testing and Materials. and Rehabilitation, 2(3), https://doi.org/10.1007/s41024-017-0022-0.
10. EN 1504-3. (2005), Products and systems for the protection and

repair of concrete structures. Definitions, requirements, quality Received : 09/20/2019

control and evaluation of conformity. Structural and non-structural Revised : 09/24/2019
repair, European Committee for Normalization. 4 09/25/
11. Monteiro, F. C. B., Trautwein, L. M., Almeida, L. C. (2017), The Accepted : 09/2522019

ox,

2 A g ATl lEEa ] 53

A, JLE HRE EUT BAARE LS AR
A
=

o B = 2=~ O F
f TYE 9 &80,

TS ] fall 7120 BRI AHEEHE 2574 AHIEC] PVA 2
TARE Hyd F8o B 5 7 F Bk sdsit 78 A= PVA
HeAls $ 371887 saslon dd Bedss
Uehston, & ol A Rpa]5o] 87 Aes Tl IS 2l

e, off
%

oX,
ol
>
oot
o
u
rr
o
A
ol
ki
o

o[\
p
o
S
JHU r
z
-LI\IN'

O-

n
Ny
iy
0
FrF
o
o2t
o

]

B5E B APAS) DAE APAT, YAE A HE EUTPVAR DL AAFL Wristedof naR|nel Aol Hr}
L0 2 Uetsith RE AGAEE] BA%E T ATHE AR TEPA A U bs BAF P4 Bols 2102 ek, Sujo] F3
o W25 AH o] tha REFS FAT AT Z, FAle] ulapo] tha: Fo] gl Esh AN Aol FaHdelo] =2l Ao
Fae|Ed Fho] AT Brl £ ) QRAEE 23] A H e AL AT 5 A
UA GOl : AT, F, AT, PVARTFA, BAE HF

O
o0
ra
H
4
[
o
[l
m
Jo
Ral
e
o
oh
i)
L
T
[gla]
]
>
N
w
5]
>
o
foh
~
S
hod



