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ABSTRACT

Purpose: The purpose of this study is to define guideline for fiber—glass—resin—putty repairing method for
submarine GFRP by comparing structural strength between normal GFRP and putty repaired GFRP.
Methods: GFRP specimen tensile and flexural tests are conducted in accordance with ASTM D3039/3039M-17
and ASTM D790 Procedure A. The collected data was analysed whether satisfies its structural strength
criteria. Furthermore, It is analysed to find dominant reason of structural strength changes.

Results: The result of the study is as follows; flexural strength of GFRP is satisfied strength criteria for
all test cases, but tensile strength is not satisfied its criteria for some cases which over 2 mm depth of
surface damage.

Conclusion: The fiberglass-resin—putty repairing method should be applied to under 2 mm depth of damage

which is not affecting to roving fiber layer destruction in GREP laminate.
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Figure 1. GFRP structures for submarine
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Figure 2. GFRP damage and repairing method
(a) Scarf Re-Laminating (b) Surface damage putty applying
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Figure 3. HDW-CATALOGUE GRFP laminating schedule and materials
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Figure 3.7} 2] CATALOGUE®] S1(Sandwich) H(Hand Laminate) 30(30 Layer - External structure) 4% 2=
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|
Parameter Regquirement 5 23 |
Coupon Requirements:
shape constant rectangular cross-section ‘ I
minimum length gripping + 2 times width + gage length r
specimen width as needed?
specimen width tolerance =1 % of width E
specimen thickness as needed 5{
specimen thickness tolerance +4 % of thickness
specimen flatness flat with light finger pressure T 1— | E— e
Tab Requirements (if used):
tab material as needed
fiber orientation (composite tabs)  as needed Q"_ 10—
tab thickness as needed ‘ |
tab thickness variation between +1 % tab thickness r
tabs
tab bevel angle 5 10 90°, inclusive I
tab step at bevel to specimen feathered without damaging specimen r‘

Figure 4. Test specimen requirement and configuration of tensile, flexural test specimen
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0°
p 90 °
Figure 5. Chopped roving fiber and resin Figure 6. Cross section and plan view of
mixed putty fabricated 5-layer GFRP
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Table 1. Specimen testing cases

I-— 2 R
. = | Repair | Tensile | Bending
| } | l ‘ | Case | Defect Case ) .
= method | testing | testing
i Detal 1 Normal( 0 °) - 5 EA 5 EA
— =T |
= — 2 | Normal(90 °) - 5 EA 5 EA
s . N 3 |a=1mm(0° | Putty 5 EA 5 EA
v L — P 4 |a=2m09 | Puty | 5BA | 5EA
N R
r[ ==/ Detail 5 a=3mm(0° | Putty 5 EA 5 EA
Figure 7. Configuration of defect (mm, a = depth) 6 |a=4m(09 | Putty | 5EA > EA
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Table 2. Requirement of structural strength of
hand lay-up GFRP laminate

Tensile Young's | Ultimate | Young's
fracture Modulus bending Modulus
strength | for tensile| strength |for bending
(N/mmz) (N/me) (N/mmz) (N/mmg)

Example of Bilinear Response

CYLELT]
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Transition Point

(MPa)

Rule or Chord Hodulus - |
/standard EN 61 EN 61 EN 63 EN 63 ac i |
(DIN) N
L1 T R | .
(Laminate, 130 8000 170 7500 ’ W00 swainuey 10000
Hand lay-up) Figure 8. Typical Tensile Stress—Strain Curves[2]
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A gl R g glstal vuhtg 2 "FJTHE skl
F'=P" /A g=P/A (Eq.1) o=(3PL/2bd*)[1+6(D/L)*—4(d/L)(D/L)] -+ (Eq.2)

F™ = ultimate tensile strength, MPa = stress in the outer fibers at mid point, MPa

ag
P = maximum force before failure, NV P = load at a given point on the load-deflection curve, N
o = tensile stress, MPa L = support span, mm
P = force, N b = width of beam tested, mm

d

A = average cross-sectional area, mm? = depth of beam tested, mm
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Tensile Strength Test Result
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Figure 9. Tensile strength test result with respect to each cases

At Zo17} 2, 3, 4 mme] F%(Case 3, 4, DA E AAAE Q72 AS WA Bl 2 o7 Yehgon

53] A%t dol7t ARGFE AT} Hashs 43S Btk Table 3.9F o] 49| Zlo]7F 2 mmel 44,
ATt AAAIHE ] oF 40% 745 o1 Zol7t 3 mmel Aol A= oF 60%, 4 mmel A%< °F 70%7}
7+t e E9S Bl A Figure 11.3} 720] Case 3, 4, 5, 694 8|4 AHAS wat A|H3} Putty7}
wHE S I 4 ASaL, FYF-7E obd Al Qleje] F9jolA ghdo] AEE A1S SIS o]&
Putty7} A #he] g5do] St8] A A] dar ofgh Ajtee] o) W ahgellA] WA @] A HA )
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Table 3. Tensile strength test result
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Damage Depth Normal(0 °) | Normal(90 °) | a = 1 mm a =2 mm a =3 mm a =4 mm
Repair Method - - Putty Putty Putty Putty
1 206 164 158 113 70 53
Tensile 2 208 150 159 118 78 54
Strength 3 191 144 167 114 76 60
(N/mm?) 4 192 145 153 117 91 64
5 180 155 153 117 72 63
Average 195(150%) 152(117%) 158(122%) 116(89%) 77(59%) 59(45%)
Strength Rate 1 0.78 0.81 0.59 0.39 0.30
= 250
% 200 @195
E 150 o 156 &
3 TR
2 1
5 77 ¥
T 598

Figure 10. Tensile strength test result (average)
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Figure 11. Tensile strength test specimen
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Flexural Strength Test Result
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Figure 12. Flexural strength test result with respect to each cases
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Table 4. Flexural strength test result

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Damage Depth | Normal(O °) | Normal(90 °) | a =1 mm a=2mm a =3 mm a =4 mm
Repair Method - - Putty Putty Putty Putty
1 365 321 292 285 233 233
Tensile 2 355 307 300 252 259 252
Strength | 3 367 311 279 257 241 71
(N/mm?) | 4 330 316 301 256 246 235
5 346 300 311 238 246 233
Average 352(207%) 311(183%) 297(175%) 258(152%) 235(144%) 238(140%)
Strength Rate 1 0.88 0.84 0.73 0.7 0.68
% E
§ I — En —
R — o |
[

200

Figure 13. Flexural strength test result (average)

3.2 AlE #9 A= Al 23

Figure 14. Flexural strength test specimen
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