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Development of Reinforcement Method for Canal Tunnels

Using Carbon Fiber Strand Sheet and Abrasion Resistance Epoxy Resin
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Abstract

An inner lining reinforcement method using carbon fiber strand sheets and ceramic-mixed epoxy
resin mortar was developed for an agricultural canal tunnel lining with bending cracks on the inner
surface of the lining. Various elemental tests were conducted on this method, and it was confirmed
that the method exhibited excellent water adhesion resistance and abrasion resistance. As a field
demonstration test, an actual waterway tunnel that had been damaged was reinforced using this
method, and the applicability of this method to the field was confirmed. The results of monitoring
for five years after construction showed no deformation of the reinforcing layer, no decrease in the
bond strength between the resin material and concrete, and no change over time of the resin mortar
by chemical analysis. These results indicate the validity of this method.
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Properties of CFSS
Unit Value Test method
Weight g/m’ 600 -
Thickness mm 0.333 -
Tensile strength N/mm? 4000 JISK 1191
Tensile modulus kN/mm? 270 JISK 1191
2 HETILZILOMKE
Properties of resin mortar
Unit Value Test method
Bending strength N/mm? 48 JISK 7181
Bending modulus N/mm? 2100 JISK 7181
Share strength N/mm? 20 JIS K 6850
Specific gravity - 1.55 JISK 7112
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Cross section of the reinforcing layer

x3 HBREM
Test conditions

Subject Compressive strength Immersion conditions
(N/mm?)

20-S Submerge
20-HS 26.7 (Average) Half-Submerge
20-DR Dry

35-S Submerge
35-HS 37.8 (Average) Half-Submerge
35-DR Dry

x4 EEBREHRER
Test results of adhesive strength
. Adhesive strength (N/mm?)
Subject
3 months | 9 months | 18 months | 27 months

20-S 2.17 2.19 3.17 3.03
20-HS 2.16 2.25 3.04 4.00
20-DR 2.78 2.14 2.63 2.51

35-S 2.89 2.10 2.33 3.37
35-HS 2.49 1.71 3.98 428
35-DR 2.26 2.13 2.80 2.46
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Result of water jet sand erosion test
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Post test situation (a) Resin mortar (b) Standard mortar
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Reinforcement area and strain measurement points
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Test results of strain measurement

Measuring | Elapsed Strain (x10°°)
point year | © | @ | ® | @ | ®
0 0 0 0 0 0
0.5 -97 =55 —81 —61 =70
A 1 —43 14 -20 =5 -14
(Downstream) 2 -34 -2 —48 -21 -20
3 —48 -36 —81 =52 —42
5 45 28 -32 0 21
0 0 0 0 0 0
0.5 -125 | -98 -93 | —108 | —82
B 1 -84 -59 =72 —82 -29
(Center) 2 —83 —65 -90 -90 —24
3 -105 | 87 | —112 | 109 | —55
5 -99 =77 -92 -97 —48
0 0 0 0 0 0
0.5 —86 -85 | —103 | —82 —81
C 1 —60 -81 | —110 | 73 —65
(Upstream) 2 —43 —88 —111 =70 —60
3 —87 | —141 | 155 | —118 | —112
5 =57 | —105 | —-133 | 82 —68
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Water flow situation after 5 years
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Adhesion test at canal tunnels
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Test result of adhesion strength

Elapsed
apse Test result (€)) 2) (3) |Average
year
Maximum tensile load
3.92 5.06 5.19
(kN)
0 Adhesive strength
2.45 3.16 3.24 2.45
(N/mm?)
Destructive position |Concrete|Concrete| Concrete
Maxi tensile load
aximum tensile load |, 18 204
(kN)
1 Adhesive strength
esive sTeng 188 | 238 | 184 | 203
(N/mm?)
Destructive position |Concrete|Concrete| Concrete
Maximum tensile load
3.1 6.01 4.38
(kN)
2 Adhesive strength
1.94 3.76 2.74 2.81
(N/mm?)
Destructive position |Concrete |Concrete| Concrete
Maxi tensile load
aximum tensile load| . 269 37
(kN)
Adhesi h
3 dhesivestrength | )1y 6s | 233 | 245
(N/mm?)
Destructive position |Concrete|Concrete|Concrete
Maximum tensile load
2.58 3.18 2.76
(kN)
5 Adhesive strength
1.61 1.99 1.73 1.80
(N/mm?)
Destructive position |Concrete |Concrete| Concrete
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Destruction state
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