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An Experimental Study on the Behavior of Small Scale Curved Panel
Using Composite Materials
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Abstract FRP is a new material that is light, has high strength and high durability, and is emerging as a third
construction material inside and outside of countries. However, very few studies have been done on curved FRP
construction materials that can be used for tunnels or arched bridges. Because a small composite panel specimen is
smaller than a full-size specimen, it can be used in a variety of experiments under different conditions. Therefore,
in this study, experiments were performed on a void section, a solid section, a connected solid section, and a
sand-coating solid section. The results of the experiment show that the connection of composite curved panels with
longitudinal connections provides almost equivalent performance to that of a single panel. However, it is necessary
to strengthen the connections, since the connections that are most susceptible to damage will break first.
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Fig. 2. Test variable
(a) Void section, (b) Solid section,
(c) Connected solid section,
(d) Sand soating solid section
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(a)
Fig. 4. Manufacture of solid section
(a) Concrete placing, (b) Concrete compaction

(b)

Fig. 3. FRP panel dimensions (unit: mm)
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Fig. 6. Installation of LVDT
(a) Plane section, (b) Side section
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(b)
Fig. 7. Installation of strain gauges
(a) Plane section, (b) Side section
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Fig. 9. Panel Support
(a) Support section, (b) Installation of support
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Table 1. Void section test results

Fig. 12. Void section fracture mode
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Table 2. Solid section test results

Normal Displa- | Horizontal | Top Bottom Normal Displa- Horizontal Top Bottom
Group Load cement Load Strain Strain Group Load cement Load Strain Strain
(KN) (mm) (kN) (ue) (1e) (kN) (mm) (kN) (1) (ue)
Void-1 101.9 22.67 93.6 =778 666 Solid-1 212.0 9.87 98.7 -1104 1975
Void-2 123.8 26.46 151.1 -508 486 Solid-2 336.2 25.19 251.9 -1108 2580
Void-3 120.6 18.26 66.7 -887 978 Solid-3 285.6 31.39 313.9 -1458 1732
Average 115.4 22.46 103.8 -724 710 Average 2719 22.15 221.5 -1233 2096
140 400
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Fig. 11. Void section load-displacement curve

Displacement (mm)

Fig. 13. Solid section load-displacement curve
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Table 3. Connected solid section test results

Normal Displa- Horizontal Top Bottom
Group Load cement Load Strain Strain
kN (mm) (kN) (ue) (11€)
Connect-1 3173 26.69 3372 -6659 488
Connect-2 303.9 71.59 395.7 -9363 48
Connect-3 284.6 44.44 368.9 -5408 390
Average 301.9 47.57 367.3 -7143 308.7
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2 4
= 200 o
B //
3 150 —Connect-1
100 + —Connect-2 |
50 / —Connect-3
0+ ;
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Fig. 15. Connected solid section load-displacement curve

Fig. 16. Connected solid section fracture mode
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Table 4. Sand coating solid section test results

Normal Displa- Horizontal Top Bottom

Group Load cerent Load Strain Strain

(kN) (mm) (kN) (1) (1)

Sand-1 3732 30.27 314.7 -2451 3553

Sand-2 330.3 28.34 3257 -1775 2374

Sand-3 417.8 29.74 371.3 -857 3123

Average 373.8 29.45 337.2 -1694 3017
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Fig. 17. Sand coating solid section load-displacement
curve
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Table 5. Composite materials panel test results

Maximum Normal Load (kN)
Group
#1 # #3 Ave.
Void 101.9 123.8 120.6 115.4
Solid - 336.2 285.6 310.9
Sand Coating 373.2 330.3 417.8 373.8
Connected Solid 317.3 303.9 284.6 301.9

3 The result of Solid-1 is excluded from the result due to movement
of the support at the point.
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