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Table 1 Typical Properties of Fiber Sheets -

Table3 Test Programs for Fiber Sheet, Resin and FRP Plate

I
Type Carbon | Aramid |Carbon | Carbon| Glass
(HS) (HS) | (HM)
Specific Gravity* | 1.80 | 139 | 1.80 | 1.84 | 2.54
Tensile Strength* | 4.90 | 3.43 | 4.90 | 420 | 147 B
(kN/mm?) . Test Standard JIS R7601 [JIS K 7113] JIS K 7073
Young's Modulus* [ 230 | 72.5 | 230 | 436 | 72.5 Resin Curing L::Ydriﬂi:"’;‘ 2 weeks at | 2 weeks at
(kN/mm’) - ] hours a{ 8g°C 23°C 20°C
lilﬁgapion‘ (%) 2.1 4.6 2.1 1.0 2.0 Loading Rate 20 2 1
Plain Weave Unidirectional 5| Cross (mm/min)
Weave Density (g/m*)| 300 | 233 ; 200 | 300 j203** Temperature|  Room 23 Room
Fiber Cross Section | 167 168 111 163 | 40.0 (°C) temperature temperature
(mm?/m) . Measure|Gauge length| 200 50 100
*Data of fiber strand. **1/2 in longitudinal direction. —ment (mm)
Table 2 Typical Properties of Resins Tensile o 0 .0
- — streng!h
NG i i Strain @) @) O
Epoxy Resin sphenol with reactive diluent*** (Elongation | (Divider) |(20mm Strain
Hardening Agent Modified aliphatic polyamine meter) gauge***)
Specific Gravity | 1.1 { 11 | 11 [ 13 | 1.8 Young's @) @)
Tensile Strength 427 | 250 | 206 | 167 | 11.8 Modulus
(N/mm?) A Elongation — O )
Young's Modulus | 1.57 | 0.794 | 0.706 | — - Weight — ®) —
(kN/mm?) O:Done *Fiber Sheet—Resin. **Not immersed.
Flexural Strength | 76.5 | 353 | 22.5 | 294 [ 255 #**Elongation meter was used for 6 months specimen.
(N/mm?) ‘
Elongation (%) 3.0 8.0 20 - — < 175 5
*For the glass cloth. **For the resin mortar. Gauge Length: 50 i
*** NR/AR/FR/GR: with inorganic filler, GR: with pigment
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Fig. 1 Resin and FRP Plate Specimens (Unit: mm)
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Table 4 Test Program for Concrete

1ply
AS NR 0° 2 plies 3
90° 2 plies
GC GR_ 1 ply 0,1,2,6 | 242
— CR** | Thickness=3mm

*+2 for each immersion period, +1 for the pull—off bond test.
**Resin mortar.

Table 5 Mix Proportion of Concrete

15 |8+1f4.5] 51 | 50 [ 175] 343 | 825 | 818 858

434

NR| 0.50 CS 0.30 18.6 —
AR AS 18.7
FR C2 13.3

CM 18.3
GR| 0.38 GC 0.38 6.40 > 0.7mm
CR| 6.0 — — — > 3.0mm

*All processes included concrete surface roughing and puttying.
**For 1 ply layer
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Fig. 2 Concrete Specimen (Unit: mm)
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Table 8 Test Program for Hume Pipe

CS AR 1, 2 plies - No
- 1, 2 plies
1 ply 1, 2 plies
NR - 1, 2 plies
AS AR 1 ply —
- 1 ply
c2 AR 1, 2 plies —
— 1, 2 plies
CM AR - 1, 2 plies
GC GR 1, 2 plies —
- 1, 2 plies
— CR* | Thickness=3, Smm —
CS AR 1,2, 3 plies - Yes
C2 1 ply
CM 1, 2 plies
GC GR 1, 2 plies
- CR* |Thickness=3, Smm

*Resin mortar.

Table 9 Mix Proportion of Concrete for Hume Pipe

20 |7+2]2.0] 40 | 48 1183[468|817] 551|368| 468

Table 10 Mechanical Properties of Reinforcing Steel

SWM-F 5 165 558
Load R
Lateral spiral :
§ ¢S c.t.c. 47mm
Longitudinalvbar :
12—¢S
800

Fig. 3 Hume Pipe Specimen
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Fig. 8 Cracking Load Ratio (*0° 2 plies, **90° 2 plies)
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Table 11  Failure Mode of Externally Strengthened Hume Pipes

CS | AR 1 ply FRP Layer Rupture
2 plies Concrete Failure

1, 2 plies* FRP Layer Rupture

NR 1 ply FRP Layer Rupture
2 plies Concrete Failure

AS | AR 1 ply Spiral Steel Rupture

C2 | AR 1 ply FRP Layer Rupture
2 plies Concrete Failure

CM | AR 1, 2 plies FRP Layer Rupture

GC | GR 1, 2 plies FRP Layer Rupture

*Also with internal 1 ply.
**FRP layer rupture/concrete failure occurred at 90° and 270°.
Spiral steel rupture occurred at 0° and 180°.

Compression Rupture
Failure of FRP La

of FRP Layer

Flexural Cracks Flexural / Shear Cracks

(a) Internal application (b) External application

Fig. 15 Typical Failure Modes of Hume Pipes
and Schematic Diagrams
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REPAIR AND STRENGTHENING OF SEWERAGE CONCRETE STRUCTURES
USING FIBER SHEET

Atsushi HATTORI, Takashi YAMAMOTO, Seiji KASHI and Toyoaki MIYAGAWA

To apply the high strength fibers in woven sheet shape to sewerage concrete structures for repair and

strengthening, their long term durability in acid environment should be made clear as well as their load cairying

behaviors.

This paper describes the acid resistance of several kinds of fiber sheets, resins and FRP plates of their

combination. Flexural strengthening of concrete prisms using the fiber sheets and the strengthening durability in

acid solution were also discussed. Finally, the external loading test of hume pipes strengthened with the fiber sheets

was conducted.

The results indicate that appropriate combination of fiber sheet and resin can be adopted as one of

the repair and strengthening methods for sewerage concrete structures.
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