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Comparison of moisture aging effect on flexural and buckling behavior of two

types of balsa core sandwich structures
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Keywords Abstract

Despite the unique superior properties of balsa such as reasonable price and excellent mechanical properties, the

Sandwich structures,
Balsa core, Fiber
metal laminates,
Flexural behavior,
Buckling behavior

hydrophilicity and high sensitivity of this material to moisture absorption have posed a serious challenge to its increasing use
in the construction of advanced marine structures. If moisture can penetrate into the composite skins, the balsa core sandwich

structures will absorb a lot of water and compromise its structural integrity. In this study, to improve the mechanical
properties and the environmental resistance of sandwich structures with balsa core against the moist environmental

conditions, the idea of using fiber metal laminates instead of polymer composite skins has been proposed. For this purpose,
sandwich structures with balsa core and two types of composite skins made of glass fiber/epoxy and fiber metal laminate
were subjected to environmental and mechanical tests. The most important results obtained from the 100-day aging test in
water show that the maximum water absorption in sandwich specimens with glass fiber/epoxy composite and fiber metal
laminate skins having sealed edges and artificial damage is 106.71% and 83.32%, respectively. In addition, by evaluating the
flexural and buckling behavior of two types of sandwich structures, before and after the moisture aging process, it was found
that the reduction of flexural load, flexural stiffness and maximum buckling load due to moisture aging in sandwich
specimens with glass fiber/epoxy composite skin with sealed edges were 23.43%, 23.15% and 36.14%, respectively, and for
specimens with fiber metal laminate skin were much less, and 13.57%, 11.06% and 16.14%, respectively.
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Fig. 1 The life cycle of balsa core: On the right side of the sandwich
panel, the core material has retained its original color and strength. The
core in the middle has been exposed to moisture and shows early signs
of degradation. The core on the left side has decomposed and lost all of
its strength [13].

5 S5y ated (male Bl coly Cuons jo Ll wis e a3 > 1SS
Casby (pyme 50 b Slos 4l o atas ool 03,5 s | 095 Lol plSioxtul
ol 43 G Caow 42l )3 Al w3 0 LS | Jlg sl @D g 48,518

T13] il sols s 511, 095 plSioxinl JS g

woz gl cale 0 aS sugaile glo)lisls (o aSul 4 azg b
b Bl G lils sz 093 wed o oolaiul wiis laieay LL
e Luls s s o ojlopslie jsliiet ol i bl ol by woud
0 B slalad 353y o 4 mig 5 O Swlys S Jlaw Shee
ool 9z ol S 039 w0 i ole ren a5 Ll gz Tojluy,
WS o (P Cugby Oy dxies Hlew oobe S lareay 1) LU
Cgx Ak £55 du p | Ol o gileysabos 3T [14] o Sen 5 Jols
Sl oyt wiols (s s Wisged (i)l missis psd 9 5555 Ll
4 G & yielin SlSe Lolss ls ol b Lula 51 L3 Ll g
Ll oz @ bgpe slal i 5 )58 w0l iz (e ( SHle Pls>
A 8o 9,555 50 9 7900 sgam LIL o Ol Gis e
pfyd 4 a0 oo LS Gaiis cpl bl s 55 162 4 UT5 s s
S5 ope yohueds (Jolain gladins plo a4 Cos LL oz 50 ol
Cugb, b ooole cpl puiass wlod 3l (g970 a4 sl p3Y (plem ol
ool 5 Cughy & Cuaglie ols o5 Bacl ccnlply 05h (555l
50 BL L oaiscagd gpenly sujemelS Slae I cadasls slaaiuwg
250 Syl (ojeeelS dtwgy chnd (Bib 5185 walss 18 ol
L oadiiass (syanly iiseals olgo b b5l o a8 & oo Slais
wsmlre (5115 Slge cpl day] 0nss)l sla Sy pf 4 a5 amo o yLis LI
358l 00 oml Gl 5 e lulid @ (sl S conlos L
sl o o] Sllee 0,15 a5 aiie  Selus olys 51 ok
[11] ol s Lo sgame s b 1, 8l
slosle Gpdiom] L2l oy e o), K dlie ol o
b el o0 @) e Lyl s g NS0 sl 55 mlyd omswils
4 pyuge sl lisle 5 Ll gz )0 S9zge gy Gloiud b 4 azg

 Microstructure
2Eco-core



il ld) 5 a7 plue

Ludb dstwd o Silae (570935kw Jlidbw 95 93 SibleS 9 (Sed JIS) Ho Sob) (6w pu Hil Aulioe

Sl ez 5 (Sl 0y ind Sl pgriagll SLIT Olastine 1 Jgur

Table 1 Specifications of aluminum alloy, glass fiber, epoxy resin and epoxy adhesive
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Aluminum 6061-T6

Glass/epoxy layer

Araldite 2011/AB
epoxy adhesive

Balsa Core

Fig. 3 Schematic section of a sandwich structure made of balsa core
and skins made of FML.
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Fig. 4 Details of artificial damage to specimens made of sandwich
structure consisting of balsa core and FML skin.
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Fig. 6 (a) Test configuration and (b) sandwich specimen under
compressive loading (all dimensions are in mm).
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Fig. 7 Percentage of water uptake in terms of aging days in balsa wood.
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Fig. 5 (a) Test configuration and (b) sandwich beam specimen under
3PB loading (all dimensions are in mm).
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Fig. 8 Percentage of water uptake in terms of aging days in sandwich
structure with balsa core and skin made of (a) GE (b) FML.
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Fig. 10 Load-displacement curve for sandwich specimens with balsa
core (a) FML/B/DF (b) FML/B/SF (c) FML/B/OF (d) GE/B/DF (e)
GE/B/SF (f) GE/B/OF under 3PB test.

(@ LJL s b omsails slaises sy abule—b Jloses 10 S5
GE/BISF () GE/B/DF (s) FML/B/OF (z) FML/B/SF () FML/B/DF
gl Lied (g05] o GE/B/OF (5)

Ll atn s (gl sladises sl slabiian (iad (505l @i 3 Jgux
Table 3 Results of 3PB test for balsa core sandwich specimens

.~ - - K 2 65}.:_; A-:Jj‘ 0 ' -
Agas oS
(&) Groshes 2 (52

3532.83+ 10 1870.72+ 38 FML/B/DF
3053.29 £ 50 1633.91 + 69 FML/B/SF
2532.03 11 1211.25+ 21 FML/B/OF
2544187 904.75 £ 6 GE/B/DF
1948.14 £ 18 695.32 + 25 GE/B/SF
1215.02 £17 478.84 £ 10 GE/BIOF

(Sis iod sloaiges) FML/BIDF sladiges 3 Jgoz (oo
S (9 gy dus p e 1870.72 aJgl tes caw gl
<l)ls GE/BIDF (gladiges wulive jsboay ot (g 3532.83 aioiny
e (Soym At 5 fahe p e 90475 Ayl sies chu
Lo <85 ams oeir Ol lpln il (e 2544.18
sleaYaz b (GE) uSglases S Jslaie glacyjsals o550k
sl sl cies olys mlil e 3,58 56 (FML) g5ls- 3Ll
g adgl (sies i jo G381 1107) e co ) L ain b 2ol
(i sheod (59,5 ke yo 1531739

=== Water Flow (Reflection)

B vuvinom Plate

7| Glass Fiber/Epoxy Composite
I Epoxy Adbesive
- [ Balsa Wood

m= Water Flow (Penetration)

b--) @l
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Fig. 12 Failure modes in sandwich structures with balsa core and
glass/epoxy composite skin for specimens: (a) GE/B/DF, (b) GE/B/SF
and (c) GE/B/OF specimens during and after 3PB testing.
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Fig. 11 Degradation of (a) maximum flexural load and (b) initial
flexural stiffness for sandwich specimens with balsa core and FML and
GE composite skins after aging in water for 100 days.
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Fig. 14 Load-displacement curve for sandwich specimens with balsa
core (a) FML/B/DF (b) FML/B/SF (c) FML/B/OF (d) GE/B/DF (e)
GE/BJ/SF (f) GE/B/OF under buckling test by axial compressive load.
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Table 4 Results of buckling test under axial compressive load for balsa
core sandwich specimens
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Fig. 13 Failure modes in sandwich structures with balsa core and fiber
metal laminate skin for specimens: (a) FML/B/DF, (b) FML/B/SF and
(c) FML/B/OF specimens during and after 3PB testing.
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Fig. 16 Failure modes in sandwich structures with balsa core and GE
composite skin for specimens: (a) GE/B/DB, (b) GE/B/SB and (c)
GE/B/OB specimens during and after buckling test under axial
compressive load.
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Fig. 17 Failure modes in sandwich structures with balsa core and FML
skin for specimens: (a) FML/B/DB, (b) FML/B/SB and (c) FML/B/OB
specimens during and after buckling test under axial compressive load.
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Fig. 15 Degradation of maximum buckling load for sandwich
specimens with balsa core, FML and GE composite skins after aging in
water for 100 days.
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