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Abstract 

This report summarizes the experimental works that was carried out for a one-year research project 
developed as the continuation of previous research projects on the subject of light weight hollow core 
sandwich panels. The experiment focused on the investigation of creep behavior of light weight hollow 
core panel under long term static loading and high humidity conditions and its correlation with short term 
properties. Five types of surface panels were used, namely, 3.2 mm thick high density fibreboard with 
birch veneer on both sides, two thicknesses of M2 grade particleboard (6.3 mm and 9.5 mm) and two 
thicknesses of medium density fibreboard (6.3 mm and 9.5 mm). All panels were fabricated to the same 
final sandwich thickness of 45 mm using cell size of 12.7 mm Kraft paper honeycomb. 
 
The results of the experiment show that the strongest facing material used to make the sandwich panels 
was the 3.2 mm hardboard with wood veneer lamination on both sides running along the long axis of the 
panel and test specimen, followed by the 6.3 mm MDF and the 9.5 mm MDF. The experiment 
demonstrated that exposing the panels to high humidity could cause strength loss of up to half of the 
original strength. However, the result of the experiment also suggested that it would be difficult to 
accurately predict the long term creep behavior of the sandwich panels using their corresponding short 
term flexural properties as the correlation between creep deformation and flexural properties was rather 
weak under the testing procedure and condition used. 
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1 Objectives 
The objectives of the project are to: (i) develop a systematic and comprehensive test procedure to evaluate 
the quality of Kraft paper honeycomb sandwich panels in terms of delamination of the skin materials from 
the core and overall performance when exposed to high humidity environments; (ii) investigate the effect 
of different process parameters and panel structure on these issues; (iii) create a computer model using 
finite element method (FEM) coupled with fluid transport to provide mechanistic understanding of the 
test results and provide guidelines for better panel design, (iv) identify the interrelationship between the 
long terms and short term properties of panels, including delamination and high humidity, and (v) to 
transfer this technology to industry through on-site meetings. 
 
 

2 Introduction 
This research project was developed as the continuation of previous research projects on the subject of 
light weight hollow core sandwich panels. With the same research team from University of Toronto, 
University of British Columbia and FPInnovations, two projects were completed: “Collaborative 
Development of Novel Hollow Core Composite Panels for Value-Added Secondary Applications” 
(FCC07E/UBC011/UT04, March 2009) and “Further Development of Lightweight Sandwich Panels for 
Higher Requirement Applications” (FPI/UBC/UT 150, March 2011). The proposed project was set up as 
a one-year project focused on the investigation of creep behavior of light weight hollow core panel under 
long term static loading and high humidity conditions and its correlation with short term properties. 
 
The following table summarizes the work plan and tasks that were set up at the beginning of the project. 
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Table 1 - Detailed planned tasks set at the beginning of the project 
Tasks / Deliverables Expected Delivery Date 

D1: Development of a detailed and fully integrated research plan to be carried out at 
FPI, UBC and UT (All).  May 2011 

D2: Preliminary communication with the Kraft paper honeycomb sandwich 
manufacturers and their suppliers and source test samples of different structure and 
constituents of the Kraft paper honeycomb sandwich panels (FPI/UBC). 

May 2011 

D3: Acquisition of different face and core materials (UBC).  July 2011 
D4: Visit of key project participation mill(s) and discuss the project plan (All). August 2011 
D5: Design of the experiment (selection on core type and face materials) to be tested 
(All) Sept. 2011 

D6: Set up the testing procedure and equipment for long duration static loading test 
(FPI). Sept. 2011 

D7: Preliminary modeling development (UT). Sept. 2011 
D8: Manufacture of short term and long term samples (UBC with support of FPI). Oct. 2011 
D9: Set up the testing procedure for evaluating delamination (FPI).  Oct. 2011 
D10: Complete the evaluation of short term properties of different Kraft paper 
sandwich panels (UBC/FPI). Nov. 2011 

D11: Complete a computer simulation model for long term creep behavior of Kraft 
paper sandwich panels (UT). Dec. 2011 

D12: Complete the long term creep test for Canadian made Kraft paper sandwich 
panels of different structures and constituent materials (FPI). Feb. 2012 

D13: Develop an empirical model based on experiment data to establish the 
interrelation between the short and long term properties of Kraft paper sandwich panel 
(UBC). 

Feb. 2012 

D14: Develop a FEM model coupled with fluid transport for creep under high 
moisture conditions (UT). Feb. 2012 

D15: Prepare and organize 1 to 2 regional seminars to present final research results 
(All). March 2012 

D16: Documentation and final report (ALL). March 2012 
 
 

3 Background 
This project stems directly from two earlier joint projects on the development and modelling of hollow 
core sandwich panels (HCPs) for furniture applications. Within the projects, the following achievements 
have been made: 
 

1. The prototype HCPs were made from Kraft paper, polycarbonate and polypropylene 
honeycomb cores. 

2. The cup-shaped fibreboard and the low density wood panels were also developed as the 
alternative light weight core materials for sandwich panels. 

3. In a systematic approach, all of these different core materials were assembled into sandwich 
panels of differing construction and their physical and mechanical performance were 
quantified in relation to their materials and construction. 

4. Based on FEM modeling and validation against experimental testing, simplified optimization 
equations for predicting the mechanical properties of flat sandwich panels of the paper 
honeycomb core were obtained. 
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5. Predictive models for creep properties of the flat paper honeycomb core panels were also 
developed.  

 
However, during the course of this joint research and development, two critical technical issues were 
identified: 

 
1. There is a great need for furniture and other secondary manufacturers to identify and 

understand the relationship between the short term physical and mechanical properties and 
their long term performance (rheological behaviour) of their products. 

2. Delamination of the face sheet from the honeycomb core material is a critical issue among 
honeycomb sandwich panel manufacturers. The failure mechanism is poorly understood and 
such delamination result in costly rejection of that part. It is pivotal that this issue be further 
investigated and a set of processing conditions that minimize the likelihood of their 
occurrence be determined. 

 
For the wood composite manufacturers, the information on the long term creep behaviour of the panels is 
very useful for their product development and provides a key opportunity for differentiation of their 
product from lower quality imports. 
 
Therefore, this newly proposed project as the extension of the previous research projects not only builds 
on the earlier experience and expertise of previous joint research projects, but will also fill a critical 
knowledge gap on the mechanism(s) of delamination and the long term creep behaviour of Kraft paper 
sandwich panels made with different structures and processing conditions. 
 
 

4 Staff 
James Deng   Project Leader, FPInnovations-Wood Products, Quebec 
Francine Cote     Senior Technologist, FPInnovations- Wood Products, Quebec 
Greg Smith   Project Leader and Associate Professor, University of British Columbia  
Ning Yan   Project Leader and Associate Professor, University of Toronto  
Katherine Semple  Research Associate, University of British Columbia   
Solace Sam-Brew   Research Assistant, University of British Columbia   
Zheng Chen   Research Associate, University of Toronto  
 
 

5 Materials and Methods 

5.1 Materials 

All sandwich panels were made by Panolite (Lac Megantic, QC, Canada), based on the result of the 
discussion between the research team and Panolite. As the research partner, Panolite fabricated a total of 
25 panels of 120 cm x 240 cm (4’ x 8’) panels with each of five types of facings. Face panels were 
3.2 mm (1/8”) thick high density fibreboard with birch veneer on both sides, two thicknesses of M2 grade 
particleboard 6.3 mm (¼”) and 9.5 mm (3/8”), as well as medium density fibreboard in the same two 
thicknesses as the particleboard. These are the most common facing types used by Panolite that they 
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currently have in stock. All panels were fabricated to the same final sandwich thickness, 
i.e. 45 mm (1 ¾”). 
 
The thin veneer laminated hardboard facing was produced by a local plywood company (Lac Megantic, 
QC, Canada), the particleboard was manufactured by Tafisa (Lac Megantic, QC, Canada), and the MDF 
was manufactured by Flakeboard (St. Stephen, NB, Canada). The Kraft paper honeycomb was produced 
and supplied by Cascades (Drummondville, QC, Canada) and comes in continuous reams of expandable 
honeycomb that open out to ½” cell diameter. The collapsed honeycomb was supplied to the Panolite 
factory in a wide range of custom thicknesses to suit different sizes of facing and sandwich panels. The 
specific cell heights used for our fabricated sandwiches were 25.4 mm (1”), 31.75 mm (1 ¼”) and 
38.1 mm (1 ½”). 
 
5.2 Methods 

5.2.1 Experiment Design 

Table 2 shows parameters of the sandwich panels designed by the research team before manufacturing of 
the sandwich panels at Panolite. 
 
Our experiment comprehensively sampled four of the five panels of each type, for a total of twenty 
panels, the fifth being kept in reserve at Quebec lab of FPInnovations. To evaluate facing properties (for 
modeling purposes) two representative panels of each kind of facing were sampled for flexural properties, 
linear expansion, thickness expansion, interlaminar shear and vertical density profile. Interlaminar shear 
specimens were cut at Quebec and tested at University of Toronto. 
 

Table 2 - Experiment design for the manufacturing of sandwich panels as the raw material 

No. 

Variables and Levels 

Relative Humidity Face Materials Face Thickness Cell Height 

1 65% particleboard 3/8" 1.0" 
2 65% particleboard 1/4" 1.25" 
3 65% MDF 3/8" 1.0" 
4 65% MDF 1/4" 1.25" 
5 65% veneer HDF 1/8" 1.5" 
6 95% particleboard 3/8" 1.0" 
7 95% particleboard 1/4" 1.25" 
8 95% MDF 3/8" 1.0" 
9 95% MDF 1/4" 1.25" 

10 95% veneer HDF 1/8" 1.5" 
Note:  

The constants include: 1. Honeycomb type: Kraft paper 
2. Cell diameter: 1/2" 
3. Panel thickness: 1.75"
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5.2.2 Short Term Performance Evaluation 

Half of the directional specimens from each face or sandwich panel, i.e. the flexural strength, linear 
expansion and the shear specimens, were cut with the honeycomb ribbons oriented parallel to the 
specimen long axis, i.e. x direction, and half with the ribbons oriented perpendicular to the long axis, 
i.e. y direction. Short term property tests included density, delamination strength (IB), flatwise 
compression, flexure, linear expansion and shear modulus, and long term properties include flexure creep 
(creep rate, deformation) and recovery (or unrecovered deformation) after unloading. Half of all the short 
term test specimens were conditioned for 45 days in the 65% relative humidity and 20°C conditioning 
chamber and the other half was conditioned for the same period to 95% relative humidity and 20°C prior 
to testing. To ensure minimal change in conditioned specimen, EMC test specimens were taken out of the 
conditioning room in batches of five at a time and their weight was recorded before and after the 
destructive test. The weight recorded before the test was used to calculate basic density and MC of all 
specimens except for the bond delamination specimens which had solid wood backing boards glued to 
them. 
 
The test procedure for measuring the delamination strength of sandwiches conditioned to either 65% or 
95% RH was adopted based on an established procedure used by FPInnovations which involves the fixing 
of solid wood substrate to the sandwich panels before cutting out the surface-core bond test specimens. 
The same procedure was used to produce the shear specimens for testing at UT. The solid wood backing 
blocks replace the numerous large-sized metal fixtures normally used to provide a solid substrate to affix 
the specimen to the tension testing rig. 
 
Those specimens were the specimens for shear and sandwich surface-core delamination tests. They were 
required to be glued to solid wood backing boards which were grouped together on the cutting pattern 
into long strips measuring 122 cm (48”) x 20 cm (8”) on each panel (2 running in the x direction of the 
honeycomb and 2 in the y direction). The final test specimens were cut from the master panels’ sections 
which were glued on both sides to the solid maple backing boards.  
  
Defect-free strips of maple and birch timber measuring 8’ long, and between 6.5” and 8” in width and 
0.78” thick, were first selected from seasoned packs and then cross cut into 48” lengths. Many of the 
boards contained some defects and in these instances one 48” clear section was marked and cut where 
possible. Many of the boards were not perfectly flat and these had to be skipping dressed to flatten the 
bottom surface, before the top surface could be planed. Planning of the backing boards was done in 
batches sufficient to supply one half day gluing run for sandwiches, so as to activate the surface within 
one to two hours of applying glue. The glue used was a cold-setting polyurethane (Macroplast UR-
8346RD, Henkel Adhesives, 1345 Gasket Dr., Elgin, IL, 60120). About 2 hours prior to gluing, the glue 
was removed from the cool room and allowed to reach room temperature so as to give it a spreadable 
viscosity. Prior to gluing, a set of 8 “sandwiches” was compiled and each backing board was labeled with 
the panel and strip number and honeycomb direction. Glue was poured into a paint tray and applied to the 
planed surfaces of both backing boards at once with a paint roller at an amount of approx. 25 g per sq. ft 
of wood surface area. A set of 8 compiled sandwiches were stacked in the clamping station and pneumatic 
operated clamps tightened. Three long hand clamps were screwed across the top of the stack and the 
assembly was left for at least one hour for the glue to set (Figure 1). Within a couple of days of gluing, the 
individual shear and delamination test specimens were labeled and cut out. The shear specimens were 
boxed up and sent to UT while the delamination specimens were placed in their respective conditioning 
rooms to condition for testing. 



Determination and Prediction of the Creep Behavior and Performance of Light Weight Hollow Core Panel under Long Term Static Loading and High Humidity 
Conditions 

 
 

  

6 of 39 

 

The specimens conditioned to 65% were tested in mid-December 2011 and the 95% RH were tested for 
residual bond strength in the first two weeks of January 2012. Just prior to conducting the delamination 
test, a set of 10 specimens were removed from the conditioning room and a hole measuring 6.3 mm in 
diameter and 10 mm in depth was drilled vertically into the top and bottom wood backing blocks at the 
center point of two diagonal crossing lines. An 11.5 mm long and 9.4 mm wide screw with a round hook 
at the end was inserted into both the top and bottom backing blocks to attach the specimen to the test 
machine, and the tensile delamination test was conducted at a rate of 0.5 mm/min in accordance with 
ASTM C297-10 Flatwise tensile strength of sandwich constructions. 
 
Unfortunately the procedure used to prepare the bond specimens for testing, i.e. gluing a solid wood 
backing plate to both sides of the specimen, resulted in several of the specimens conditioned in the 95% 
relative humidity environment undergoing early delamination due to swelling-induced deformation of the 
solid wood backing blocks. This, combined with the unavoidable growth of mould, especially on the 
particleboard sandwiches, and to a less extent on the veneer hardboard sandwiches, resulted in severe 
deterioration of the glue line and contributed to the greatly reduced bond strength of sandwich specimens 
exposed to the high humidity environment. Some of these specimens broke during handling and 
preparation for IB testing. 
 

 

 

 
Figure 1 - Clamping machine and setup for gluing of backing strips to sandwich panels for 

preparation of IB and shear specimens 
 
5.2.3 Long Duration Static Loading Test 

The creep specimens were cut and were tested according to ASTM C480-05 Flexure Creep of Sandwich 
Constructions. Two creep rigs were setup. One was in the 65% RH and 20°C conditioning room, and the 
other was in the 95% RH and 20°C conditioning room. The creep rigs were designed, manufactured and 
set up at Quebec laboratory of FPInnovations. The 2” x 8” creep specimens were pre-conditioned to either 
65% or 95% RH at 20°C over a period of 6 to 8 weeks, and were loaded and connected to the LDVT 
displacement monitoring devices. The weight and thickness of the specimens were recorded prior to 
loading and starting the creep test. The average peak load (Pmax) results from the flexure testing of 
sandwiches conditioned to 65% or 95% RH were used to calculate an average weighing load for all creep 
specimens across the two conditioning chambers. Average Pmax was 13 kN for the 65% specimens, and 
8 kN for 95% specimens, giving an average of 10.5 kN across all 400 tested sandwich specimens in the 
two humidity conditions to provide an average weight for creep specimens of 10.5 kg (i.e. 10% of average 
Pmax) for both conditions. This was made to ensure the same load was applied to all specimens across the 
two conditioning chambers.  
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6 Results and Discussion 

6.1 Flexural Properties 

6.1.1 Flexural Properties of Surface Panels Used in the Construction of Sandwich Panels 

Table 3 shows the average value of flexural properties of facing materials used in sandwich construction. 
There was very little difference in facing flexural properties between the x and y directions of specimen 
orientation relative to panel long axis for the particleboard and MDF. The average values across the two 
directions are given in Table 3. However, there was a very marked panel axis effect on the veneer-
covered hardboard, whereby the specimens were up to three times stronger (MOR) and over 6 fold stiffer 
(MOE) in the x direction (i.e. the veneer running along the long axis of the panel and the test specimen) 
than in the y direction (i.e. the veneer running across the long axis of the panel and the test specimen). 
This has strong implications for the loading and creep behavior of sandwich panels made from this type 
of facing. 
 
Considering the flexural strength properties of the facing materials under ambient conditions (65% RH), 
the strongest facing material was by far the thin hardboard with wood veneer running along the long axis 
of the panel and testing specimen (MOR of almost 100 MPa and MOE of 8.44 GPa), followed by the 
6.3 mm MDF and the 9.5 mm MDF. The strength properties of the thin hardboard with wood veneer 
running perpendicular to the long axis of the specimen were only slightly higher than those of the MDF 
and particleboard. MDF materials were between 18 and 30 MPa in bending strength (2.4 to 3.3 GPa 
MOE) while the particleboard was lower, ranging from 10 to 12.5 MPa in MOR and 2.3 to 2.4 GPa in 
stiffness.  
 
After conditioning to 95% RH, the facing materials lost up to 50% of their original strength; in the case of 
the 6.3 mm MDF, strength and stiffness loss was highest at around 55%. Moisture content increase was 
also highest for this facing type, at 136% of its original MC as well as thickness increase, an average of 
10.7% of the original thickness. The other face materials underwent MC increases of between 80% and 
107%, and thickness increase of between 6% and 9%. The only facing material that suffered significant 
surface mould growth was the particleboard, as this kind of material had the highest moisture content 
after conditioning to 95%, up to 17.5% MC.Table
 

3 - Flexural properties of facing materials used in sandwich construction 

Facing material 
Conditioning 

chamber 

Basic 
Density 
(kg/m3) 

Thickness 
(mm) 

Moisture 
content (%) 

Peak 
Load (kN) 

MOR 
(MPa) 

MOE 
(GPa) 

9.5 mm 
particleboard 

65% 674.02 9.66 8.6 259.61 12.66 2.30 

95% 668.16 10.37 16.47 187.89 7.91 1.36 

9.5 mm MDF 
65% 695.64 9.76 7.28 375.58 17.99 2.39 

95% 695.44 10.35 14.45 138.14 12.39 1.44 

6.3 mm 
particleboard 

65% 729.0 6.64 8.45 101.12 10.76 2.39 

95% 715.33 7.25 17.48 72.44 6.45 1.28 

6.3 mm MDF 
65% 856.76 6.53 7.09 253.06 27.91 3.31 

95% 837.92 7.23 16.73 138.14 12.39 1.44 

3.2 mm HB 

65% x 
899.88 3.55 8.82 

548.62 99.41 8.44 

65% y 170.15 30.94 1.31 

95% x 
900.53 3.77 16.05 

377.87 60.53 6.11 

 95% y 106.64 17.68 0.73 
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6.1.2 Flexural Properties of Sandwich Panels 

The average bending and flexural properties for the sandwich panels are given in Table 4. Some 
results (i.e. the peak load prior to failure and the flexural stiffness of the sandwich structure) are 
also presented graphically in Figure 2 and Figure 3 to help illustrate the main trends. Peak load 
was reached once rupture of the top or bottom facing occurred. However, prior to this event, the 
flexing of the facing induced shear forces along the top surface-core adhesive interface 
producing localized shear distortion of the honeycomb columns towards the ends of the 
specimen, later accumulating glue line failures as well as localized buckling of the top of the 
honeycomb columns beneath the loading head. 
 
As was to be expected, the peak load (Figure 2) prior to failure for sandwich structures was 
generally greater if the facing was thicker, i.e. 9.5 mm, when comparing sandwiches made from 
thin particleboard and MDF. However as can be seen in Figure 2 and Figure 3, the sandwiches 
made from the thicker facing materials also lost a greater proportion of their original strength 
when conditioned to 95% RH. In other words, differences in facing type became less apparent 
after the sandwich structures were exposed to high humidity. 
 
For the facing materials alone, MDF of a particular thickness was stronger than particleboard of 
the same thickness, and this was translated into the loading performance of sandwiches, i.e. for a 
particular thickness the use of MDF facing is preferable to particleboard in terms of sandwich 
strength. Most notably, however, high strength lighter weight sandwiches (170 kg/m3) can be 
produced from the thin veneered hardboard, provided veneer of the facing is oriented parallel to 
the long axis of the panel or the table/shelving item produced from the sandwich stock panel. 
This will have a strong effect on the loading performance of the structure. The veneered 
hardboard underwent the greatest displacement under load prior to rupture, particularly in the 
case of the specimens with the veneer grain running perpendicular to the long axis of the 
specimen. This flexing of the facing resulted in a lot of deformation of the honeycomb core 
before the facing itself ruptured. This rapid stress transfer down into the honeycomb core 
resulted in a very low stiffness sandwich structure if the veneer grain ran across the long axis of 
the loaded specimen.  
 
It is noticed that in all cases, except for the veneered hardboard, there was a small increase in 
strength of the sandwich structure if the honeycomb was oriented in the x direction, i.e. the 
ribbons run parallel to the long axis of the specimen. This accords with the greater stiffness of 
the honeycomb core itself along the ribbon direction as opposed to across the ribbons, whereby 
the core bends very easily. This effect was greatly masked in the case of the 3.2 mm hardboard 
because the direction of the veneer wood grain in the facing (in which it is far stronger) ran along 
the y direction (i.e. across the ribbons) of the honeycomb. 
 
Flexural stiffness (Figure 3) of the sandwich panel is very much governed by the elastic modulus 
of the facing material. Flexural stiffness of sandwich panels was between about 800,000 and 
1.3 million kN.mm2 at 65% RH; however this dropped to below about 700,000 kN.m2 when the 
structures were conditioned to 95% RH, a reduction of around 40%. In keeping with the higher 
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moisture uptake and loss of strength and stiffness for the 6.3 mm MDF, sandwiches made with 
this facing type correspondingly suffered the greatest loss of stiffness when conditioned to 
95% RH, losing around 50% of original stiffness. The reduction in stiffness was not as great for 
the thin veneered hardboard sandwiches.  
 
Because of the strong facing modulus effect on the sandwich stiffness, the effect of honeycomb 
direction in the sandwich is not as apparent as it is for peak load for the particleboard and MDF 
facings where the planar direction of the facing materials itself had little effect on its strength and 
elastic modulus. The very large gap seen between the x and y honeycomb direction specimens 
seen in the case of the veneered hardboard comes from the very large difference in MOE of this 
facing type, depending on whether the veneer grain runs along or across the long axis of the test 
specimen. In the case of the y honeycomb direction sandwich test specimens, the orientation of 
the veneer grain in the hardboard facing was lengthwise, i.e. in this configuration; the facing had 
a MOE of 8.44 GPa at 65% RH (Table 3). Whereas in the sandwich test specimens with the 
honeycomb oriented in the x direction, the veneer grain direction ran across the specimen length, 
a configuration in which facing modulus was only 1.3 GPa at 65% RH (Table 3). 
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Table 4 - Static bending properties of Kraft paper honeycomb core sandwich panels 
conditioned to 65% or 95% RH 

Facing 
material 

Environme
nt 

conditions 

Basic 
Density 
(kg/m3) 

Thickness 
(mm) 

MC  
(%) 

HC 
direc-
tion 

Peak load 
(kN) 

Facing 
stress 
(kN) 

Face 
shear 

ultimate 
stress 
(kPa) 

Flexural 
stiffness 
(kN.mm2) 

9.5 mm PB 

65% 310.8 44.93 9.05 

Y 1.42 2.11 265.38 1086589,45 

X 1.56 2.31 291.34 1082395,75 

95% 318.23 46.67 16.87 

Y 0.97 1.40 176.38 1689341,06 

X 1.07 1.54 194.53 738724,83 

9.5 mm MDF 

65% 318.34 45.02 7.78 

Y 1.59 2.37 298.16 1131468,47 

X 1.76 2.61 329.27 1131724,76 

95% 328.85 46.38 15.02 

Y 0.99 1.43 180.56 714658,98 

X 1.10 1.59 200.81 711560,38 

6.3 mm PB 

65% 240.37 45.06 8.78 

Y 0.92 1.82 157.67 903156,14 

X 1.12 2.22 192.61 893015,78 

95% 252.68 46.48 17.19 

Y 0.63 1.22 105.66 551333,96 

X 0.78 1.53 132.67 548812,41 

6.3 mm MDF 

65% 277.41 44.94 7.75 

Y 1.24 2.46 212.78 1231972,18 

X 1.41 2.80 242.22 1228855,54 

95% 288.49 46.23 15.66 

Y 0.75 1.46 126.51 611485,71 

X 0.91 1.77 153.28 605950,66 

3.2 mm HB 

65% 168.4 45.03 9.0 

Y 1.11 3.82 175.33 1942147,79 

X 0.81 2.80 128.53 298231,55 

95% 179.58 45.50 15.82 

Y 0.75 2.78 127.84 1507864,98 

X 0.58 2.19 100.38 175486,26 
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Figure 2 -  Peak load of Kraft paper honeycomb sandwich panels 

 
 

 
Figure 3 - Flexural stiffness of Kraft paper honeycomb sandwich panels 
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6.2 Moisture Uptake and Linear Expansion of Facing Materials and Sandwich 
Panels 

Table 5 shows the test results on the moisture uptake and linear expansion of facing materials and 
Kraft paper honeycomb sandwich panels conditioned to 65% relative humidity (RH) at 20°C, 
and then conditioned to 95% RH at 20°C for 45 days and re-measured. 
 

Table 5 - Moisture uptake and linear expansion of facing materials and Kraft paper 
honeycomb sandwich panels 

Type of Panels 

 Face material only Sandwich panels 

Type of facing 
materials 

% 
weight 
gain 

Expan-
sion 
(mm) 

LE 
(%) 

MC at 
95% RH 

(%) 

%  
weight 
gain 

Expan-
sion 
(mm) 

LE 
(%) 

MC at 
95% RH 

(%) 

9.5 mm PB 7.44 0.63 0.25 17.25 6.06 .054 0.21 15.92 

9.5 mm MDF 8.23 0.53 0.53 16.57 7.05 0.46 0.18 15.34 

6.3 mm PB 9.33 1.08 1.08 19.83 10.38 1.26 0.50 20.99 

6.3 mm MDF 10.27 0.76 0.76 18.97 9.55 0.70 0.28 18.34 

3.2 mm HB y 9.09 0.97 0.39 19.22 11.65 1.27 0.50 22.30 

 
6.3 Flatwise Compressive Strength of Sandwich Panels at 65% and 95% Relative 
Humidity 

As expected, sandwich compressive strength and modulus generally increased as the honeycomb 
cell height increased, and was therefore highest in the case of the 3.2 mm hardboard with the 
38 mm high cells. Since there is no bending or shearing forces involved on the facing materials, 
there is no significant effect of facing material on the compressive strength of the sandwich 
structure expected. The results in Table 6 show that, for honeycomb of the same height (25.4 or 
31.7 mm) but different facing materials (particleboard or MDF), the sandwiches made using 
MDF were slightly higher in compressive strength. This suggests that MDF is a material that is 
better at absorbing compressive stress before transferring it down through the top of the 
honeycomb cells. Particleboard material may be less ‘insulating’, allowing greater stress transfer 
through to the honeycomb. 
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Table 6 - Average flatwise compressive strength of sandwich panels conditioned to either 
65% RH or 95% RH 

Facing 
material 

Conditioning 
chamber 

Basic 
Density 
(kg/m3) 

Thickness 
(mm) 

Moisture 
content 

(%) 

Peak 
load 
(kN) 

Compres
s 

Modulus 
(MPa) 

Ultimate 
strength 
(MPa) 

9.5 mm 
particleboard 

65% 312.17 44.95 9.16 5.06 7.01 0.22 

95% 318.61 46.14 15.08 3.34 4.74 0.14 

9.5 mm MDF 
65% 318.08 44.98 7.67 5.33 9.28 0.23 

95% 327.13 46.29 14.37 3.29 5.71 0.14 

6.3 mm 
particleboard 

65% 342.25 45.11 8.95 5.09 9.62 0.22 

95% 265.02 46.25 15.82 3.23 5.99 0.14 

6.3 mm MDF 
65% 277.78 44.96 7.62 5.28 9.21 0.23 

95% 287.97 46.27 15.63 3.2 5.24 0.14 

3.2 mm HB 
65% 169.77 45.07 8.82 5.87 14.36 0.25 

95% 178.15 45.57 17.1 2.1 10.07 0.14 

 
6.4 Delamination of Sandwich Panels (Internal Bond Strength) at 65% RH and 95% 
RH 

The average peak load and stress at delamination for sandwich panels conditioned to either 65% 
or 95% are given in Table 7. In addition, peak stress at delamination is also shown graphically in 
Figure 4. 
 

Table 7 - Average internal bond strength of sandwich panels conditioned to either  
65% RH or 95% RH 

Facing material 
Conditioning 

chamber 
Peak Load  

(kN) 
Peak Stress 

(kPa) 

9.5 mm 
particleboard 

65% 0.84 35.5 

95% 0.184 7.9 

9.5 mm MDF 
65% 1.47 61.84 

95% 0.694 29.5 

6.3 mm 
particleboard 

65% 1.60 67.47 

95% 0.444 19.77 

6.3 mm MDF 
65% 1.35 57.01 

95% 0.576 24.71 

3.2 mm HB 
65% 1.59 67.26 

95% 0.501 21.13 

 
It was expected that the type of facing should have little effect on the face-core adhesion 
strength, provided all other process parameters (glue spread rate, compression of panels) 
remained consistent. Specimens conditioned to 65% RH were all around 60 to 70 kPa in peak 
stress at delamination, except for the panels made using the 9.5 mm particleboard, which had an 
average face-core bonding strength of 35.5 kPa. The particleboard itself does not appear to have 
adversely affected glue bond strength, since the highest bond strength was found for the 
6.3 mm particleboard sandwiches, and we can only conclude that the panels made from the 
9.5 mm particleboards may have been made on a different day in a different batch and 
experienced some differences in gluing and/or compaction to cure.
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Figure 4 - Internal bond strength of sandwich panels conditioned to 65% or 95% RH 

 
The residual load-induced delamination strength of sandwich specimens conditioned to 95% was 
still measured and reported despite the damage done to the specimens through a combination of 
distortion of the wood backing blocks and mould. It needs to be noted here that the average 
values of bond strength for the sandwich specimens conditioned to 95% RH are considerably 
lower than they would otherwise be if the solid wood backing pieces had not distorted during 
conditioning. This distortion caused partial delamination in most of the test specimens, and, 
combined with the inevitable ingress of mould into the glue line, this greatly reduced the further 
delamination resistance of sandwich specimens conditioned to 95%. Cured polyurethane 
adhesive is fairly resistant to moisture at ambient temperatures and evidence of this comes from 
the one or two specimens in each group of 40 specimens of each sandwich type conditioned to 
95% RH that did not suffer distortion-induced delamination. The peak stress values for these 
were not much lower than the average values found for the sandwiches conditioned to 65% RH. 
Peak stress values for un-delaminated or minimally-delaminated specimens were 27 MPa for 9.5 
mm PB, 61 MPa for 9.5 mm MDF, 46 MPa for 6.6 mm PB, 55 MPa for 6.6 mm MDF, and 56 
MPa for 3.5 mm HB. 
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Figure 5 - Internal bond strength of sandwich panels conditioned to 65% or 95% RH 

 
6.5 Flexure Properties of Sandwich Panels Under Long Term Static Load at 65% or 
95% Relative Humidity 

Tables 8 and 9 show the long term deflection of sandwich panels at 65% and 90% relative 
humidity respectively. (Note: The target or nominal relative humidity used through entire study 
was 65% and 95% respectively. However, it was difficult to achieve and maintain the high 
humidity level consistently at 95%. The actual relative humidity was around 90% (+/- 3%). 
Therefore, for the long term creep study, we use 90% RH as the nominal relative humidity. The 
data presented in the tables are the average of deflection (or deformation) in the center point of 
the loading span from the long duration creep test samples. For each type of sandwich panels in 
terms of different type of face panels, different thickness of the face panels and their 
corresponding thickness of Kraft paper honeycomb, two specimens were tested. The average 
deflection of the two specimens and their standard deviation after a certain loading period are 
presented in the tables. Further analysis is also made graphically to identify the effects of 
different orientation of ribbon direction of the honeycomb, face panel type, face panel thickness 
and environment conditions on creep deformation. A correlation analysis between short term 
properties (flexure properties) and long term creep deformation is conducted. The results of the 
analysis are presented in the proceeding sections. 
 
6.5.1 Effect of Different Orientation of Ribbon Direction of Honeycomb on Creep Deformation 

Figure 5 to Figure 8 show the effect of different orientation of the ribbon’s direction of the Kraft 
honeycomb core on creep deformation of the sandwich panels. As can be seen from the figures, 
for the sandwich panels made from 9.5 mm particleboard or MDF face panels, smaller creep 
deformation was generated if the ribbon’s direction was the same as the length of the test sample. 
The results are consistent for both low and high relative humidity (Figures 5 and 6).  
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That is expected as the bending stiffness of honeycomb core is always higher in the ribbon 
direction than the direction across the ribbon. To some extent, a similar trend can be observed for 
the sandwich panels with 6.3 mm particleboard face or with 3.2 mm hardboard under 65% 
relative humidity (Figure 7). However, the creep deformation was slightly higher in the ribbon 
direction for 6.3 mm particleboard and 3.2 mm hardboard sandwich panels under higher relative 
humidity (Figure 8). This could be the result of partial bonding failure at the interface of 
honeycomb core and face panels due to the high humidity environment, as described and 
discussed for the delamination of the sandwich panels under high humidity environment (section 
5.4). 
 
In general, creep deformation was affected by the orientation of ribbon direction of Kraft paper 
honeycomb core material. The deformation was smaller in the sandwich panels where the ribbon 
direction paralleled with the length of the test specimens (x-direction) comparing to the test 
samples with honeycomb ribbon direction in y-direction. This is also consistent with the test 
results from short term static bending of the sandwich panels shown in Table 4. 
 



Determination and Prediction of the Creep Behavior and Performance of Light Weight Hollow Core Panel under Long Term Static Loading and High Humidity Conditions 

 
 

  

                                               17 of 39 

 

Table 8 - Long term deformation of sandwich panels at 65% relative humidity and 20°C 
Sample code Loading Duration (h)  

 
0 24 48 72 96 120 384 480 600 720 840 960 1080 1200 1296 Delta H (1296-24) 

9.5 mm PBx 0 0,248 0,251 0,271 0,268 0,273 0,278 0,271 0,278 0,288 0,291 0,301 0,278 0,293 0,308 0,060 

 
0 0,054 0,050 0,057 0,061 0,054 0,061 0,050 0,061 0,054 0,050 0,058 0,054 0,047 0,047 

 
9.5 mm PBy 0 0,344 0,354 0,374 0,367 0,379 0,387 0,377 0,384 0,402 0,412 0,415 0,392 0,412 0,422 0,078 

 
0 0,046 0,046 0,039 0,043 0,039 0,057 0,057 0,053 0,057 0,057 0,053 0,057 0,050 0,050 

 
9.5 mm MDFx 0 0,258 0,245 0,281 0,273 0,283 0,271 0,266 0,276 0,281 0,288 0,303 0,271 0,293 0,293 0,035 

 
0 0,051 0,062 0,048 0,051 0,051 0,083 0,083 0,076 0,083 0,080 0,073 0,083 0,080 0,094 

 
9.5 mm MDFy 0 0,302 0,304 0,322 0,317 0,329 0,334 0,327 0,339 0,342 0,347 0,359 0,329 0,352 0,357 0,055 

 
0 0,009 0,012 0,016 0,016 0,019 0,012 0,016 0,019 0,008 0,008 0,019 0,019 0,015 0,015 

 
6,3 mm PBx 0 0,315 0,318 0,335 0,333 0,343 0,345 0,338 0,345 0,353 0,363 0,376 0,343 0,368 0,373 0,058 

 
0 0,089 0,099 0,103 0,106 0,106 0,124 0,121 0,124 0,135 0,128 0,131 0,135 0,135 0,128 

 
6,3 mm PBy 0 0,334 0,341 0,356 0,351 0,366 0,379 0,372 0,377 0,397 0,404 0,412 0,387 0,407 0,417 0,083 

 
0 0,007 0,010 0,003 0,003 0,010 0,007 0,004 0,011 0,004 0,001 0,003 0,011 0,004 0,003 

 
6,3 mm MDFx 0 0,416 0,426 0,446 0,444 0,464 0,487 0,484 0,499 0,509 0,530 0,542 0,509 0,542 0,557 0,141 

 
0 0,103 0,110 0,110 0,099 0,106 0,110 0,113 0,106 0,128 0,113 0,110 0,121 0,110 0,110 

 
6,3 mm MDFy 0 0,294 0,281 0,317 0,319 0,329 0,327 0,324 0,334 0,339 0,344 0,369 0,337 0,364 0,369 0,075 

 
0 0,007 0,011 0,018 0,015 0,015 0,004 0,015 0,015 0,022 0,022 0,022 0,018 0,008 0,015 

 
3,2 mm HBx 0 0,311 0,299 0,324 0,324 0,341 0,329 0,324 0,334 0,341 0,339 0,361 0,329 0,349 0,356 0,045 

 
0 0,047 0,050 0,050 0,057 0,054 0,065 0,057 0,058 0,054 0,058 0,054 0,050 0,058 0,054 

 
3,2 mm HBy 0 0,307 0,309 0,332 0,329 0,337 0,342 0,334 0,347 0,362 0,370 0,380 0,355 0,372 0,380 0,073 

 
0 0,014 0,011 0,014 0,011 0,021 0,000 0,004 0,007 0,000 0,004 0,004 0,004 0,000 0,011 

 
Note: 

1. Data presented in the table are the average deformation of two test samples at the specified time during the long term creep test. 
2. Data in Italic font are the standard deviation of the deformation. 
3. Delta H is the difference of the deformation between 1296 hours of creep test and initial creep deformation within 24 hours. 
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Table 9 - Long term deformation of sandwich panels at 90% relative humidity and 20°C 
Sample Code Loading Duration (h) 

  0 1 24 48 72 96 120 384 480 600 720 840 960 1080 1200 1296 Delta H (1296-24) 

9.5 mm PBx 0,000 0,328 0,383 0,383 0,398 0,401 0,415 0,493 0,505 0,520 0,565 0,504 0,561 0,562 0,587 0,573 0,190 

 
0,000 0,015 0,014 0,025 0,025 0,021 0,129 0,093 0,109 0,130 0,184 0,195 0,169 0,209 0,196 0,205 

 
9.5 mm PBy 0,000 0,334 0,432 0,450 0,489 0,496 0,578 0,733 0,758 0,793 0,851 0,840 0,861 0,897 0,915 0,937 0,504 

 
0,000 0,254 0,279 0,283 0,266 0,296 0,392 0,445 0,448 0,437 0,394 0,419 0,398 0,407 0,401 0,370 

 
9.5 mm MDFx 0,000 0,271 0,311 0,319 0,351 0,340 0,384 0,572 0,601 0,644 0,759 0,705 0,759 0,810 0,853 0,882 0,571 

 
0,000 0,152 0,168 0,199 0,174 0,178 0,261 0,345 0,356 0,367 0,368 0,373 0,379 0,379 0,400 0,411 

 
9.5 mm MDFy 0,000 0,641 0,680 0,694 0,698 0,715 0,776 0,990 1,011 1,050 1,107 1,068 1,089 1,125 1,139 1,146 0,466 

 
0,000 0,424 0,439 0,439 0,465 0,480 0,616 0,827 0,848 0,863 0,903 0,918 0,918 0,948 0,948 0,959 

 
6,3 mm PBx 0,000 0,280 0,412 0,454 0,500 0,517 0,647 1,332 1,416 1,524 1,681 1,810 1,896 1,935 2,029 2,085 1,672 

 
0,000 0,183 0,254 0,285 0,300 0,315 0,392 0,799 0,860 0,926 1,003 1,010 1,017 1,033 1,079 1,080 

 
6,3 mm PBy 0,004 0,481 0,623 0,720 0,775 0,807 0,912 1,478 1,521 1,597 1,657 1,743 1,804 1,846 1,929 1,946 1,323 

 
0,005 0,098 0,116 0,168 0,190 0,225 0,385 0,841 0,890 0,912 0,986 1,085 1,128 1,178 1,241 1,286 

 
6,3 mm MDFx 0,000 1,753 1,855 1,936 1,975 2,000 2,257 3,583 3,562 3,636 3,813 3,880 3,929 4,102 4,116 4,144 2,289 

 
0,000 0,484 0,339 0,224 0,190 0,125 0,010 1,965 1,925 2,010 2,180 2,284 2,274 2,230 2,170 2,150 

 
6,3 mm MDFy 0,004 0,318 0,334 0,316 0,315 0,315 0,311 0,495 0,532 0,577 0,684 0,677 0,722 0,784 0,829 0,841 0,507 

 
0,005 0,150 0,259 0,275 0,327 0,317 0,333 0,337 0,325 0,282 0,262 0,252 0,219 0,233 0,168 0,142 

 
3,2 mm HBx 0,014 0,265 0,362 0,465 0,501 0,537 0,635 0,918 0,957 0,972 1,020 1,039 1,050 1,079 1,105 1,108 0,746 

 
0,019 0,173 0,151 0,073 0,051 0,048 0,004 0,125 0,123 0,134 0,097 0,123 0,129 0,131 0,158 0,153 

 
3,2 mm HBy 0,000 0,428 0,534 0,559 0,592 0,602 0,602 0,715 0,733 0,755 0,788 0,798 0,802 0,820 0,835 0,835 0,301 

 
0,000 0,037 0,041 0,046 0,041 0,046 0,066 0,070 0,065 0,075 0,070 0,064 0,080 0,074 0,074 0,074 

 
Note: 

1. Data presented in the table are the average deformation of two test samples at the specified time during the long term creep test. 
2. Data in Italic font are the standard deviation of the deformation. 
3. Delta H is the difference of the deformation between 1296 hours of creep test and initial creep deformation within 24 hours.
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Figure 6 - Effect of different orientation of ribbon direction of honeycomb (9.5 mm face 

panel, 65% RH) 
 
 

 
Figure 7 - Effect of different orientation of ribbon direction of honeycomb (9.5 mm face 

panel, 90% RH) 
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Figure 8 - Effect of different orientation of ribbon direction of honeycomb (6.3 mm and 

3.2 mm face panels, 65% RH) 
 
 

 
Figure 9 - Effect of different orientation of ribbon direction of honeycomb (6.3 mm and 

3.2 mm face panels, 90% RH) 
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6.5.2 Effect of Different Types of Face Panels on the Creep Deformation of Sandwich Panels 

With same thickness of face panels and core, it seems that no obvious difference in creep 
deformation between different types of face materials appears. The reason is that: 
 

1. For the sandwich panels made with 9.5 mm face panels, the magnitude of creep 
deformation has a different trend under different environment conditions: Sandwich 
panels made with MDF face have less creep deformation than those made with 
particleboard face panel under the 65% relative humidity at 20°C (Figure 9), while the 
trend reversed under 90% relative humidity at 20°C (Figure 10). 

2. In addition, for the panels made with 6.3 mm face panels, there is no consistent trend as 
comparing particleboard face panels, sandwich panels made with MDF face have higher 
creep deformation in one direction (x-direction), but lower deformation in the other 
direction (y-direction) (Figure 9 and Figure 10). 

3. As for the different environment conditions, for the sandwich panels made with 6.3 mm 
face panels, the creep deformation is consistent between 65% and 90% relative humidity 
(Figure 9 and Figure 10). 

 

 
Figure 10 - Effect of face panel type on the creep deformation of sandwich panels  

(65% RH) 
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Figure 11 - Effect of face panel type on the creep deformation of sandwich panels (90% RH) 

 
6.5.3 Effect of Different Thickness of Face Panels on the Creep Deformation of Honeycomb 
Sandwich Panels 

Figures 11 and 12 clearly show that creep deformation reduced with increased face thickness 
regardless of the type of face materials used. However, there is one exception for the panels 
made with MDF face with honeycomb ribbon direction across the length of the test specimen.  
 
Comparing the long term creep deformation with short term flexure stiffness (or peak load) of 
the sandwich panels, in general, higher flexure stiffness of the sandwich panels under short term 
test would result with smaller creep deformation under long term creep test (Figure 2 vs. Figures 
11 and 12). 
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Figure 12 - Effect of face panel thickness on the creep deformation of sandwich panels 

(65% RH) 
 

 
Figure 13 - Effect of face panel thickness on the creep deformation of sandwich panels 

(90% RH)
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6.5.4 Effect of Different Environment Conditions on the Creep Deformation of Sandwich Panels 

There is a very clear trend that we can observe from Figure 13 to Figure 17. The creep 
deformation is obviously higher in the sandwich panels under the higher environment humidity 
(90% vs. 65%), regardless of honeycomb ribbon orientation, face panel type and face panel 
thickness. The average of the increase in creep deformation is 1.07 mm (or 256%), comparing 
panels tested in 90% RH with the panels tested under the 65% RH at 20°C. 
 

 
Figure 14 - Effect of different environment conditions on the creep deformation of sandwich 

panels (65% RH vs.90% RH with 9.5 mm particleboard face panels) 
 

 
Figure 15 - Effect of different environment conditions on the creep deformation of sandwich 

panels (65% RH vs.90% RH with 9.5 mm MDF face panels) 
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Figure 16 - Effect of different environment conditions on the creep deformation of sandwich 

panels (65% RH vs.90% RH with 6.3 mm particleboard face panels) 
 

 
Figure 17 - Effect of different environment conditions on the creep deformation of sandwich 

panels (65% RH vs.90% RH with 6.3 mm MDF face panels) 
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Figure 18 - Effect of different environment conditions on the creep deformation of sandwich 

panels (65% RH vs.90% RH with 3.2 mm veneer laminated hardboard face panels) 
 
6.5.5 Equilibrium Moisture Content and Unrecoverable Creep Deformation of Sandwich Panels 
After Creep Test 

Table 10 shows the equilibrium moisture content and unrecoverable creep deformation of the 
sandwich panels right after the creep test. The data is presented in two different groups: the first 
group consists in the samples tested under 65% relative humidity with a temperature of 20°C and 
the second group in the samples tested in 90% relative humidity at the temperature of 20°C. As 
can be seen in the table, the equilibrium moisture content is much higher in the samples that were 
exposed to 90% relative humidity and is at least twice the moisture of the samples tested in 65% 
relative humidity. For the unrecoverable creep deformation, the sandwich panels exposed to 
higher relative humidity (90% RH) have much higher unrecoverable creep deformation than the 
panels exposed to 65% humidity. This suggested that the creep behavior depended highly on the 
environment condition. To avoid creep deformation of the sandwich panels, they should not be 
used in high humidity environments, or at least have effective surface treatment or coating. 
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Table 10 - Equilibrium moisture content and unrecoverable creep deformation of sandwich 
panels at the completion of the creep test 

Panel Type 

65% RH 90% RH 

Unrecoverable 
Deformation 

(mm) 

Moisture 
Content (%) 

Unrecoverable 
Deformation 

(mm) 

Moisture 
Content (%) 

3.2 mm HBx 0,16 9,1 0,71 21,0 

 0,20 0,1 0,27 3,0 
3.2 mm HBy 0,09 9,1 0,19 18,5 

 0,12 0,1 0,11 0,1 
6.3 mm PBx 0,14 9,4 2,96 24,6 

 0,10 0,0 0,63 0,9 
6.3 mm PBy 0,11 9,3 1,49 21,0 

 0,04 0,1 1,68 2,6 
9.5 mm PBx 0,16 9,4 0,83 21,3 

 0,06 0,1 0,46 2,3 
9.5 mm PBy 0,18 9,4 0,95 21,3 

 0,04 0,0 0,11 1,9 
6.3 mm MDFx 0,26 8,2 3,89 24,6 

 0,07 0,0 2,47 3,0 
6.3 mm MDFy 0,16 8,1 0,35 18,6 

 0,01 0,0 0,43 0,0 
9.5 mm MDFx 0,13 8,1 0,75 20,1 

 0,05 0,0 0,14 2,3 
9.5 mm MDFy 0,16 8,2 0,79 20,0 

 0,06 0,0 0,08 2,9 
Note: 

1. Data in the table are the average of two test specimens. 
2. Data in Italic fond are the standard deviation. 
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6.5.6 Relation between Short Term Properties and Long Term Behavior of Sandwich Panels 

Figure 18 and Figure 19 show the interrelation between short term properties and long term 
behavior of sandwich panels. The peak load and flexural stiffness of the sandwich panels from 
static bending test are selected as the short term properties. The creep deformation after 
1296 hours is selected as the indication of creep behavior of the sandwich panels. From an 
engineering point of view, these two data sets could be the most interrelated data sets among all 
test data studied. As can be seen in the figures, there is a weak correlation between creep 
deformation and the peak load. However, the correlation between creep deformation and flexural 
stiffness is rather weak. It suggests that it would be difficult to predict the long term creep 
behavior of the sandwich panels using the short term flexural properties. 
 

 
Figure 19 - Correlation between short term peak load from static bending test and creep 

deformation under long term loading (all data, remove one outsider) 
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Figure 20 - Correlation between short term flexural stiffness from static bending test and 

creep deformation under long term loading (all data, remove one outsider) 
 
 

7 Conclusions 
The following conclusions are based on the results of the experiment: 
 

1. The strongest facing material used to make the sandwich panels was the 3.2 mm hardboard with 
wood veneer lamination on both sides running along the long axis of the panel and test specimen, 
followed by the 6.3 mm MDF and the 9.5 mm MDF. In contrast the 3.2 mm hardboard with wood 
veneer running perpendicular to the long axis of the panel was weak in bending. 

2. Exposure to high humidity caused strength loss of up to half of the original strength of the 
material, the greatest extent of strength loss being experienced by the 6.3 mm MDF sheets. 
Weakness was linked to a higher change in moisture content for this type of facing. 

3. Thinner facing materials tended to take up a greater amount of moisture during exposure to high 
humidity, and therefore experienced greater linear expansion and thickness swelling. The 
direction of the veneer grain of the thin hardboard facing greatly affected its dimensional stability 
– linear expansion was significantly greater if the veneer grain ran perpendicular to the long axis 
of the specimen.  

4. Sandwich panels made with thicker facings were generally stronger than those made with thinner 
facings if particleboard or MDF were employed. For a given thickness, panels made from MDF 
were stronger than those made from particleboard. Sandwich panels made from particleboard or 
MDF had a higher loading tolerance prior to failure if the honeycomb was oriented in the 
x direction, i.e. ribbons running parallel to the length of the sandwich panel. 

5. By far, the best material to use for sandwich panels, particularly if a light weight structure is 
required, is thin veneered hardboard PROVIDED the veneer grain runs parallel to the long axis of 
the sandwich structure. However the sandwich structure is greatly weakened if the wood veneer 
grain runs across the length of the sandwich panel. 
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6. Sandwiches made from thicker facings tended to experience a greater loss of strength when 
exposed to high humidity. The sandwiches made with the 6.3 mm MDF also lost a greater 
proportion of their original strength and stiffness, in keeping with the greater moisture uptake and 
loss of strength in this particular type of facing. 

7. As expected, the higher honeycomb column height resulted in greater compressive strength of the 
sandwich structure, but, interestingly, using MDF produced a sandwich with superior 
compression strength than particleboard when facing thickness and honeycomb height remained 
the same. 

8. Facing-core bond strength did not differ greatly between facing materials, except for sandwiches 
made with the 9.5 mm particleboard were lower in bond strength, possibly due to being 
manufactured under slightly different conditions than the other panels, since there is no evidence 
that facing material itself affects glue bond strength. 

9. The methodology used to assess delamination of sandwiches exposed to high humidity needs to 
be changed since swelling and deformation of the solid wood backing boards during specimen 
conditioning ruptured the glue lines in most of the sandwich specimens, allowing mould ingress, 
and thereby producing artificially low values for bond strength. Bond strengths of specimens with 
little or no damage to the glue lines were not markedly lower than sandwiches conditioned to 
65% RH, suggesting that the polyurethane glue and the paper honeycomb itself is relatively 
resistant to deterioration of the bonding interface during exposure to consistent high humidity 
over a six week period. 

10. The testing procedure for evaluating long term creep behavior of the sandwich panels was well 
established at the FPInnovations laboratory (Quebec City, QC, Canada). The configuration of the 
setup and its data acquisition system provided adequate accuracy to obtain the creep deformation 
data. 

11. In general, creep deformation was affected by the orientation of ribbon direction of Kraft paper 
honeycomb core material. The creep deformation was smaller in the sandwich panels where the 
ribbon direction paralleled with the length of the test specimens (x-direction), comparing to the 
test samples with honeycomb ribbon direction in y-direction. 

12. There was no obvious difference in creep deformation of the sandwich panels between different 
types of face materials of same thickness. 

13. Creep deformation reduced with increased face thickness regardless of the type of face materials 
used. 

14. The creep deformation was significantly higher in the sandwich panels under higher environment 
humidity (90% RH vs. 65% RH), regardless of honeycomb ribbon orientation, face panel type, 
and face panel thickness. 

 
There is also a need to develop a better test method to effectively evaluate the performance of the 
different adhesive systems in the interface of surface panels and honeycomb core under different long 
term environment conditions. 
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8 Recommendations 
The results of the experiment suggest that it would be difficult to accurately predict the long term creep 
behavior of the sandwich panels using their corresponding short term flexural properties as the correlation 
between creep deformation and flexural properties was rather weak under the testing procedure and 
condition used. Further study should be conducted to develop better test methods and analytical tools to 
accurately predict the long term creep behavior of the sandwich panels using short term properties. 
 
There is also a need to develop a better test method to effectively evaluate the performance of the 
different adhesive systems in the interface of surface panels and honeycomb core under different long 
term environment conditions. 
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Appendix I  

Typical Deformation of Sandwich Panels in Creep 
Test under 3-Point Bending in 65% Relative Humidity 

at 20°C 
(Period of loading: 0 – 1294 h) 
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Note: 
X: duration in hours 
Y: deformation in the center of the span of the testing specimen
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Note: 
X: duration in hours 
Y: deformation in the central of the span of the testing specimen 
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Note: 
X: duration in hours 
Y: deformation in the central of the span of the testing specimen 
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Appendix II 

Typical Deformation of Sandwich Panels in Creep 
Test Under Loading Configuration of 3-Point Bending 

in 90% Relative Humidity at 20°C 
(Period of loading: 0 – 1294 h) 

 
 



Determination and Prediction of the Creep Behavior and Performance of Light Weight Hollow Core Panel under Long Term Static Loading and High Humidity 
Conditions 

 
 

  

                                                            37 of 39 

 

 
 
 

 
Note: 
X: duration in hours 
Y: deformation in the center of the span of the testing specimen 
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Note: 
X: duration in hours 
Y: deformation in the center of the span of the testing specimen 
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Note: 
X: duration in hours 
Y: deformation in the center of the span of the testing specimen 

 


