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Abstract
Study of the design and fabrication of

structural sandwich panels was initiated
at the Forest Products Laboratory in the
mid 1940’s. It was recognized that , even
with extensive basic research,
additional information would be needed
on the long-term serviceability and
durability of sandwich panels as a
building component. Accordingly, an
experimental unit was built on the
laboratory grounds in 1947 to provide
for long-term exposure tests of panels.

• Selected sandwich panels placed in
the exposure unit were evaluated for
bending strength and stiff ness after

• various lengths of service between the
years 1947-1 978. Panels were
construct ed with a variety of facing
materials including plywood, aluminum,
particleboard, hardboard, paperboard,
and cement asbestos , and with cores of
paper honeycomb, polyurethane, and
extruded polystyrene. Measurements
were kept of the bowing of panels due
to seasonal climatic changes.

This information should be useful to
f building manufacturers , building code

authorities, and others concerned with
design and manufacture of housing.
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introduction
The sandwich panel is a layered were encouraging, there was , and is no design of the unit allowed tor periodic

structural system composed of a tow def~n~te correlation with actual durabihty removal , testing, and reinstallation or
density core material bonded to , and over a long period of time , so that in replacement of individual wall , roof , and
acting integrally with , relatively thin, 1947 the laboratory erected an floor panels. The unit served the
high strength facing materials. When experimental unit to monitor the actual purpose of a research facili ty and was
used as a wall , roof or floor element in in-service performance of sandwich not intended as a demonstration house.
housing, the sandwich panel provides panels. The floor layout included a central
exceptional strength for the amount of Over the past 31 years, panels have control room and two adjoining rooms
material used. In a load- bearing wall , been periodically removed from the unit
the two facings act as slender columns and tested for bending strength and The Original UnIt— 1947
continuously supported by the core stiffness. From time to time , some of the Construction of the originalmaterial to resist compression and original panels have been replaced with experimental unit was carried out inbuckling. In bending due to a live load new ones which incorporated new core June 1947 (fig 1). I he overaiior wind load applied to a panel, the and facing materials and adhesives, dimensions were 38 feet 6 inches by 12facings take most of the tensile and Over the same period, records have feet 6 Inchescompressive forces and the core been kept of the bowing of panels from Foundation and Floor —An 8-inchprovides resistance to shear. The core season to season. Panels have been wide concrete foundation was poured

• and facings acting integrally provide examined for deterioration due to with anchor bolts provided at 4-tootexceptional stillness to the member . weather and biological decay. After 31 intervals Two 6-inch-thick cross wallsIn response to the scarcity of building years of testing, the panel exposure provided support for the roommaterials immediately following World program has been terminated This final partitions.War II. and to the development of a report documents the cumulative test In the east room , a crawl space wasgreat variety of core and facing results and presents a summary provided beneath the floor panels Thematerials during the War , the Forest analysis of the tests and other recorded room was heated with a forced hot-Products Laboratory instituted a data water system using ~i-inch copperresearch program to design and tubing pressed into the core material ofevaluate the performance of sandwich History and Design of the the floor panels at 6-inch intervals• panels. Application of a new and untried Experimental Unit Additional supply and return outletsconstruction to housing raised many were installed along the outside wallsquestions concerning design. choice of The experimental unit was designed for baseboard heating, to be used alonematerials, fabrication techniques, to evaluate, under actual weathering or in tandem with the floor systemsatisfaction of code requirements, and conditions, the long-term performance _________________________
long-term structural performance . While of a variety of types of sandwich panels Maintained at Mediso n, Wia in c~opeiation with
the results of accelerated aging tests intended for house construction. The the I,inivt*rsit~ of W iscOnsin
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experimental unit and reconstruct it at a
new site in 1968 (hg 4) The dimension
of the long side was modified to 32 feet
6 inches. which accommodated nine
panels instead of the previous ten (fig.
5) Three sandwich floor panels , instead
of tour , were placed in the west room , 

‘

The radiant heatIng system was U ‘

replaced by electric space heaters in
the relocated unit , although the copper ‘ .

tubing in the floor panels remained . 1
intact. ‘ 

-‘

Panel Descriptions - :  
-

~ 
—-

Afte r the installation of the original
panels in 194 7, some of them were
replaced from time to time with new
panels incorporating newly developed
materials. The core and facing materials
used in all panels, along with the type of Figure 4. —Sandwich experimenta l unit as re-erected in 7968. (M 135 634-3)
adhesive , are described in table 1. •~~~ P44f tS 

_________________ N

Original Panels— 1947 ‘°-‘~“ ..2~.— ~~~~ ‘~‘ 
~~~~~~~~ ~~~~~ 

• 
~~~~~ 

~~~~~~ 3#4 IA? • IA’!

Panels installed in 1947 had one type
or another of paper honeycomb core. A
variety of facing materials was used.
mostly wood-based but also some 

- / 0 6 C Aaluminum DOOR
Core Matenal . —Four types of paper “°A’ 

ROOF PAA’(LShoneycomb core were used in the _— . .  __
~~
_ _  

~~~~~ 
.~ __

original panels
An expanded type core (Fig. 6) was

produced from sheets of paper bonded
flatwise at intermittent lengths and then 

_______ _______ — 
W INDOW 

______ ______ ______

pulled—or expanded—to develop a ‘O~’~ S53 SSJ ‘ 9~? ‘51 45.? ‘iO$3 .05, ’ 354 ~~~~~~ ~x~~’

hexagonal pattern. Only the ‘ — ---
~~
-- C4LL

commercially manufactured panels had
expanded cores. Figure 5. —Positions of numbered wall and roof panels in the sandwich

The three other core types were made experimental unit (1968). (M 138 281)
from a corrugated kratt paper weighing
about 45 pounds per ream (500 sheets were assembled with flutes materials , two panels (3N 1, 3S1) were
24 by 36 in.). impregnated with about 15 perpendicular to the facings removed and two replacement panels
percent of a water-soluble phenolic Facings. —The facings used on the installed, one with ¼-inch cement
resin. The corrugated sheets were original panels manufactured by the asbestos board facings (3N2) and the
bonded together with an acid-catalyzed laboratory were plywood or veneer: .4 ’  other with ‘ i-inCh high-density
phenolic resin inch, three-ply Douglas-fir , exterior hardboard facings (3S2). A second pair

The core designated XN (fig. 7) was type; ‘/a-inch, three-ply Douglas-fir of panels (8t41 , BS1) was replaced by
made up of corrugated sheets glued exterior type, with 25 percent phenolic two with ‘/s-inch high-density hardboard
together with corrugations of adjacent resin-treated paper overlay on one face; facings (Sf42 , 8S2).
sheets at right angles. The assemby was two-ply Douglas-fir of 1 / 1 0-inch m ,e~ p —cut in the required thickness and veneers, with the grain of the veneers at
arranged so that alternate corrugated right angles and a resin-treated paper One of the two pairs of commercially
sheets were positioned with flutes overlay on one side; ~4-inch Douglas-fir manufactured panels with aluminum
parallel and perpendicular to the facing. veneer with a resin treated paper facings (9N1, 9S1) was replaced w ith

The core designated XF was identical Overlay on both sides; and %-inch . live- two panels (9N2, 9S2) of unbalanced
to that designated XN except that it was ply Douglas-fir . exterior type (for floor construction, having ‘b-inch high-
placed in the panel with all flutes panels) density hardboard on one face and
parallel to the facings This orientation The facings on the commercially porcelainized steel on the other . The
results In better insulation, but it is weak manutactured panels were 0.02-inch core material was a type PNL paper
in flatwise compression. The limited aluminum honeycomb. a variation on the type PN
glue surface between corrugations isa A I nt Panels—1948 core with layers of single-faced
likely cause of low shear strength. •p aceme corrugated board (corrugated paper

The core designated PN (fIg. 8) was For the purpose of observing the faced on one side with a flat sheet of
assembled with all flutes parallel Panels performance of a wider variety of facing paper, assembled as shown in fig. 9).
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H - — Us,.stiiat.d 444 1947 190$ 21 .339 4/425 .311 + I
197$ 31 “ “ .324 + 4  — 104 —

I (ipasdsd 0.02-mcliaiuniln um — 3 1947 190$ 21 1123’ I/ISO 1.03$ + $

1171 31 ‘ ‘ 1.050 +11 51 21 -43
I Cacruplud PS 1,4-lucia. 3-pip plpss.d - 4% 1947 191$ 21 .374 1/315 350 + S

1575 31 “ “ .351 + 4  — 109 —
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Tllh.1.— Pasl deicnpOas~. (coflhinu.dl

Pail Ca. Ippa Facii ’ Ippe .dOsiss Md pass iluckaiss (apsis. StIll... ’ StimajIl.
ma cupiractisu dIll Is. lair, III 5.15,1 Fssi Cheap illiai ’ V5,ai Chaip

a. ldIsd •705V11 Dalicits. D.O.d. D.I5.ctuua
psasritie

I.. Yr I.. is. Pd LI/It” 1h/ft: PcI
FLOSS P00(1.3

CerrupludlO 3’S-mda,5-pip pipm.d Pres.d-au hst uils 6 1947 154$ 21 .297” 1/415 230 +23
tshau 137$ 3% “ “ .251 + 13 316 103 -57

2 - - - 6 494 7 150$ 21 25711 4/4*5 243 +11 I197$ 31 “ - .241 +17 376 319 -IS
3 “ - 6 19*7 454* 21 .297” 1/415 .230 ÷23

197$ 31 - “ .225 ÷24 376 152 -60
4 “ -. 6 1547 196$ ~~ 29711 4/4*5 241 +17 376 301 -20

510 fac,a05 ii mass matsaid amiss slid *45 pipussat ins Ds~ a,,lir.
D.flsduplds~~s isdl20 1s/fl’ls ~~~paum 2 5 0 0 ’  lur ril pauls, mad 40*’ft’ laOmaa p.um. Saia i%m~~~fsima$ pa.~~ssd lll lschss l.r rs.f~~d fts.r p~~u~Tmf I Mbcas. p.sI ol .dst,cI cmaidructea.
‘fqseiisl smf.rs lul saw 90-tack ~ ae is, sa$ psal aid 444-md. spsa a .1 Md Nisi p~ sk
‘Ou.’haif I si ml ps.i I.t.t .us-hlf r.maiis Mt place.
“Oserlip cs.iIs I rsiasaprs~sIsd h,aft pups.
‘P1p1h14.. Slit s.d aider M,lata lu~s I pip.rIs.,d I acmg.
‘Part,cl.b.rd faracaM salk u sia (I/l et heal ealpits) us epsied arIacs. Piasnol naSa hiud.r-$ pencil Ia IliOs , 10 psrcs.t iii finet
‘Iharnaum-tacad real peaslu earn dsl s.d fir 15 0/0’ load. A
‘O.srip. si ~~ Is. pausta. I

Replacement Panels—1961 1/s-iflch tempered hardboard facings exposure periods of various lengths of
(4N2, 4S2). time up to 31 years.

The panels with ¼-inch cement The results are summarized for other
asbestos facings (3N2) arid ‘li-inch Replacement Panels—1968 structural tests which were required as
high-density hardboard facings (3S2), background research in the initial
which had been installed a year after Some of the newer panels were Cut ifl design and development stages prior to
the original panels, were in turn half , and half of each panel reinstalled. 1947.
replaced with a pair of commercially One pair of the original panels (5N1,
manufactured panels having 0.1-inch 5S1) was completely removed . New Test Methodology
paperboard facings (1N2, 1S2). panels included a pair with ¼-inch 2

layer partic leboard facings surfaced All panels were tested for stiffness
Replacement Panels—1962 with Douglas-fir flakes (8N3, 8S3). prior to installation, and duplicate

A new generation of core materials panels were destructively tested forwas employed in other panels. One pair bending strength to provide a basis for
When the experimental unit was of panels used the expanded type of comparison with additional tests after

disassembled in 1962, most of the paper honeycomb core with exposure.
existing wall panels were cut in half , polyurethane foamed into the cells to a Whenever old panels were replaced
with half of each panel being depth of 1 inch (9N3, 9S3, fig. 10), and prior to the end of the exposure period
reinstalled. The additional space for another pair used a solid core of in 1978, they were immediately tested to
new panels was used for a pair of extruded polystyrene (1 0N3, 1 0S3, fig, failure. In 1962 and 1968, when many of
panels with facings of ¼-inch 2-layer 11). Both sets of panels were faced with the panels were cut in half and one-half
particleboard surfaced with redwood ¼-inch Douglas-fir plywood overlaid of each replaced , the replaced halt was
flakes (2N2, 2S2), a pair with Y2-inch with medium-density paper. tested to failure. Also in 1968, when the
medium-density fiberboard facings experimental unit was disassembled
(3N4, 3S4) and a pair of unbalanced Long—term Structural and moved to a new site, all panels were
panels with ¼-inch birch plywood on Performance tested for stiffness.
the interior face and ‘Is-inch-thiCk Tests were conducted in accordance
aluminum-faced hardboard on the Test methodology and test results are with ASTM Standard E72-74aW.2 A
exterior face (1 0N2, 1 0S2). An presented here for tests conducted on typical test setup is shown in figure 12.
additional set of panels (4N1, 4S1) was panels to determine bending strength 

~Un~~ lined numberm in parentheses refer tocompletely replaced with panels using and stiffness prior to and following Literature Ci I d  near end of report .
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PS..’) I,’ .1 fli ,5~~rr l l s ,irll l~iptpr ,rl _________
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A ’ te ’  C~~~~PS,i It ’ t~,i5ed on (he .ir hilt .11
.u’~s .  ‘ ‘ tmpt rp n ¶ ‘ ‘ .it .~ crr • lrr qt ’ in stre ngth pf
ess t h a i  20 perce nt  ~ n,’t srgi l i l lc , Ir rt

¶ ‘ ‘ e  ,, timate s t re r r q t r i  s’~f the ftr ,i jPrit ~ ~~ r’I
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ufl~’4 .iflqe,1 o r terr.led to decrease 1____
, I p l i l .~~~ in th e case p1 panels fac~ o

‘I” p.ipt’rbp lra 1 N_ ~ 1521 aluminum
,.‘Nl .7S 1 9N1 ~S 11 an,l hardboard
(4 N.7 4S2 1 E ‘,~ ‘ rtm in these worSt cases
¶ ‘ ‘p Iact pr  ,rl u t r m ate I,’ JCSis~r~ s t rength
s In  rema rre,I 3 75 fo r papt’rhe,lrsl ,~ 5
?pI a luminurr ,urid S Ipr hardbOard

~~r panels w i t h  .14’, cr1 tht’ corrugated
t’, pes pP paper core ultimate strength F i g ure 5 —PN type of cot ugated-paper honeycomb ce ’e (M 88875 F)
‘ e ” t m ,l ’re~f about the same pr else
increased , as was tt-ie c ase In all of the “ .‘ . 

.

panels laced w i th  Douglas-fir p1’, W pi.”d
t. \s ’t’P(IPIiS w e r e  the panels faced with
‘I’,it e r , .IiS O thtn thai’s Douglas-fir cement
,ishestps (3N21 and hardboard ~3S2

~ NS’ but not 8S2)
~ pp P ~“,v’e/s — Prior to exposure. the

,tt ’ l lect,p n p1 rppl panels did not excee d
¶h ts design mit p It  270 of span length .
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,. 
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panels with a type \N paper core , and ‘

one ,tmI the aluminuni.faced panels
Prio r to ex posure  a duplicate panel . 

-

was t ested to failure pIll’, for aluminum- .—

I,i~ ej panels , and its ultimate strength 
~ :“

w a s  more than three times the required
design strength of 15 pounds per
square fept fo r aluminum roof panels

[ A :: other panels were for a design
st ’ t” igth p1 25 pounds per square toot

In flat roof panels there was concern ‘

It’ at moisture condensation in the core .
Vt i.iiild cause decreased performance .
,il ter a period of exposure. Therefore. - 

~~~
‘- ‘ ‘ 

. , ‘

Pet panels w e re  constructed both with Figure 9 —PNL type of corrugated-paper honeycomb core with flat inte rlea i/es
.1 1 ,1 ~ rthout ventilating ducts A between the corrugated sheets. (M 87223 F)
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Table 2.—Mechanical properties of several core materials equivalent to the current ASTM
- 

Shear nronerties 1 Standard C291-6 1 (~) to determine
Core material and Phenolic Compressive which component of the snndwli’h

arrangement I resin strength” Shear Modulus Of assembly had been weakened bystrength rigidity laboratory aging.
1,000 The results me presented in table 5

Pct Lb ln~ Lb/In. ”' Lb/In ” for a variet y of aging processes In
50-16 XN corrugated paper 5 30 28 — processes i througt’s 3, the value of

15 63 14 — tensile strength is the average ol 10
60-16 expanded paper 10 45 — — specimens taken from each of 4 panels

20 95 91 10.3 In processes 4 through8 . the value is
1 25-tb expanded paper 35 360 306 20 6 the average of ~i specimens taken from
112 - 114 glass Cloth with ‘.‘4-inch each of 4 panels at the end of each

cells unknown 286 165 119 cycle or time interval When exposed to
0 002-inch foil with ~ -nnch cells 234 152 29.1 a temperature of 180” F or soaked in
0 002.inch foil with ‘~4 -inch cells 436 244 41.9 water for 48 hours, the adhesive bond

C.mpnø~~ r,~u r inom i mpIm, I ,u ~h.u e 5, fi, u,r,j’s u ’l ‘n;~f ldwich ,‘u.me a s øn,,ia i4i~r4II’, su,i,im, ’Ir# ,i weakened appreciably The effects of
‘Co .p ’n wuiir \N pI~ ØI lImOSI il l t)pln,liuiQ Au Oti 1~~i4 ,.im~ ,s, I’nl~~n’øu, tw,r ~ipp i pn~los cycling under less extreme temperature

conditions or varying humidity
choice of core and facing materials Comparison with unaged control conditions were less severe
were subjected to the laboratory aging specimens showed that aging reduced Compression tests of sAndwich
process as described in (~~

) and stiffness from 6 to 15 percent and shear Øanels — ‘the load-carrying capacity of
equivalent to the current ASIM strength from 18 to 32 percent. several 8-foot high wall panels was
Standard C481 -62 (a). The process Comparison of laboratory agunp tested by applying an edgewise
consisted of six cycles of the following, processes —In 1947 , because the compression force Recorded
Immersion in water at 120” F for I hour: resnlts of the standard laboratory aging deformation was negligible at loads
spraying with wet steam at 200” F for 3 process had not (and still have not) below 500 pounds per lineal toot Three
hours, storage at 10” F for 20 hours: been correlated with the results of aluminum-faced panels tailed as a result
heating ri dry air at 210” F for 3 hours, actual long-term exposure , small of local buckling in a facing at loads
spray ing with wet steam at 200” F for 3 specimens of one type of sandwich from 2.300 to 3.100 pounds pet lineal
hours : and heating in dry air at 210” F panel construction—a commercially foot . A panel with ‘ 4 .inch plywood
for 18 hours. Specimens were tested for manufactured panel with 0.02 - inch facings failed at 19,000 pounds per
bending stiffness and also for shear , aluminum facings and resin-treated lineal foot.
according to a procedure reported in paper honeycomb core bonded with a Impact tests —In one procedure
(20) which is equivalent to the present phenol vinyl glue—were subjected to a followed for impact loads, panels weiti
ASIM Standard C273-61 (4~ The variety of different aging processes as supported horizontally near the ends
results , originally published in (Z Q) are outlined in table S Each specimen was and a 60-pound sandbag was dropped
summarized in table 4 of this report then submitted to a tension test on the center of the panel at inc reasing

TIbI. 3 wcilluIKaI prap.nI~.s aS *...eaI Iitin~ mat.taala

Mo,,Iu,, impaui pusnOw,
(m ilan usplailloar’ Cumpipusuwi ltd iffisawn 
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heights until failure occurred The Table 4 — The percent retention of bending stiffness and shear strengthmaximum height at failure was 8 feet for for laboratory aged s~indwich specimens compared toa plywood-faced wall panel . 7 fee t for an
aluminum-faced wall panel . more than unaged control specimens
10 feet for a floor panel , and 4 feet for Core F .ic ings Stiffness Shear
an aluminum-f aced root panel Strength

No damage resulted from a 3-foot Pct Pct
drop on wall and roof panels or a 6-foot X N Three-ply, 1 4-inch Douglas-fir plywood with paper 90 71
drop on floor panels , these heights had overlay
been suggested as minimum XN Three-ply, 1 4- inch Dougl~is-fir plywood 86 81
performance requirements for panels XF Three-ply, 1 4-inch Douglas-fir plywood 85 82

In a second procedure, a 2-inch XN Two - ply, 1 10-e r ic h Douglas-fir veneer with paper 85 68
diameter steel bail was dropped from a overlay
height of 4 inches . Dents of from 001 to XN Single-ply, 1 t~- unch Douglas-f it ~eneeu with paper 94 72
0 03 inch were measured in panels with overlay
various facing materials Dents of equal
depth were more noticeable in a A facing composed of wood or a Moasture also affects the strength of
smooth , bright aluminum facing than in wood-based material is hygroscopic , paper honeycomb core materials Thefacing materials with a dull finish or that us . water vapor us absorbed by the ratio of strength an a wet versus drytexture Such as fiberboard wood facing or evaporated from nts condition Is about 30 percent for

surface until an equilibrium is reached compression and 45 percent for shearEnvironmental with the surrounding eisvu,oiirnent With Condensation may occur within the
Performance an increase of moisture th e dimensions paper honeycomb cores of exterior wall

of the facing increase while its or roof panels in cold climates In
The effect of variations in moisture structur a l properties a’.’ generally laboratory tests , a sandwich panel wascontent and temperature on the reduced Table 3 cumnna rnzes the raffect placed in an opening between a heatedst ructi,ua l properties and dimensions of of rnousture On the durniansions and room maintained at 75” F. 50 percentsandwich panels are discussed stru tural proper ties of several facing relative humidity , and a cold room atPoternt uai condensation problems materia ls used i i i  the ex perimen tal unit -15” F These conditions are mote

associated with paper honeycoru b Douglats fu r plywood, for urist .orice severe than would normally be
encouritereti in a residence The panel
tested was 4 feet wide by 7 fee t 6 inches
high At the end of 102 days of
exposure, the panel weight had

n eased by about 8 5 pounds or about
12 percen t of origin al we ight . much of
which was irs the form of ice in the
honeycomb cells .

• 
‘ Irs 1978 prior to tests for bending, all

pane’is w e re visually checked for signs
of biodegradation , particula rly irs the

• 
- paper con e  material None was

observed
1 Temperature

The effect of temperature on strength- 
• of sandwich panels us generally riot

critica l ins building construction . The
• 

‘ strength of most wood materials
Flanges about 0.33 to 0. 50 percent

tram that at 68” F per degree of
/ ‘gore  l~’ -— T~p ucii! 51~ (up fo r a p a i te /  to be tpsti-ial f~ r bsmirdunq s tren,q th anal stuffir es~ temperature change Adhesives that

,n 1978 ~M 74 739- 2) become plastic at high temperatures
should be used with care where there is

cores are also discussed Finally. the expanded by 0 1 percen t of its original a possibility of high temperatures in
results of records kept on the bowing of length due to a chan ge irs relative service. On the other hand,
panels due to seasonal changes in humidity . When soaked , it lost about 18 thermosettlng adhesives that have not
climate are presented percent of its original stiffness and been fully cured may become hardened

strength Impact resistance , on the and strengthened by exposure to highMoisture other hand, is slightly affected . In temperature. This was shown in tests of
Moisture may affect the structural comparison . hardboards and laminated sandwich specimens with phenol resin-

properties of core and facing materials paperboards expand at a greater rate treated paper honeycomb cores
and the dimensional integrity of the than plywood, and their structura l bonded to aluminum facings with the
facings Potential condensation properties tend to be reduced at a phenol-vinyl resin adhesive.
problems must also be considered proportionally greater rate In laboratory tests of sandwich panels
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Table 5. —Tensile strength of one type of sandwich panel cons(wction
exposed to several different laboratory aging processes’

ExposLane Test aesuits
Location of

Retenenica , D Total time Tensile failure
num ber escr ption 

~~fOre testing strength’ in In
-. ~~- . 

glue paper
Weeks Day. Cycles Lb/In Pci Pci

1 Condition ed at 80” F and 65 percent relative humidity. Tested 75 58 42
dry

2 48 hours iii water at 80° F Tested wet 2 44 82 18
3 1 hour at 180’ F Tested at ¶80 ’ F 28 94 6
4 Continuous exposure to 97 percent relative humidify at 80” F 1 70 69 31

2 85 54 46
4 78 58 42
8 873 39 61

12 69 60 40
16 88 46 54

5 I cyc le(4 weeks): 2 weeks at 80” F andglpercent relatuve 4 I 91 49 51
humidity, and 2 weeks at 80” F and 30 percennt relative 8 2 74 59 41
humidity Then repeated 12 3 71 63 37

16 4 95 31 69
24 6 80 34 66

6 1 cycle (2 days): 1 hour un water at l22° F, 3 hours in wet 2 1 49 79 21
steam at 200 ° F , 20 hours at 10” F, 3 hours at 212 ” F, 3 4 2 50 91 9
hours in wet steam at 200” F, and 18 hours in dry air at 6 3 66 77 23
212 °F Then repeated 8 4 38 96 4

10 5 41 86 14
12 6 32 94 6

7 I cycle (2 days). 24 hours at 158” F , arid 24 hours at 40” F 10 5 92 42 58
Then repeated 20 10 82 33 67

30 15 82 57 43
40 20 83 30 70

8 1 cycle (2 weeks ): 2 days In water 12 days at 800 F and 30 2 1 88 35 65
percent relative humidity Then repeated 4 2 63 59 41

6 3 80 52 48
8 3 83 28 72

12 6 50 53 47
‘Panel constructed of 0.020-inch alumunum facings and a 2-Inch-thick resin-treated paper honeycomb co r e bonded with a phenol vinyl

adhesive
~Strength values are the average of 10 specimens taken from each of 4 panels

under a severe temperature differential to year. panels bowed slightly outward during
of 700 F on one side of the panel and Plywood-faced panels with paper the winter months, and bowed slightly
-20° F on the other , bowing of the cores. — The north panels were flat only inward the rest of the year (fig 21).
panels occurred immediately toward the in July and bowed out to a maximum of South panels were essentially flat from
warm side. With continuing exposure , about ‘/~ inch in February (fig. 18). May to October and bowed slightly
the bowing decreased due to South panels were essentially flat from Inward during the colder months.
absorption of moisture on the cold side, May to November and bowed out to Particleboard-f aced panels (2N2 ,

S I B about 1/10 inch during the winter. 2S2). —North and south panels varied•asona ow.ng O~ ane,s Plywood-faced panels with similarly with a continuous outward
Bowing of sandwich panels us the polyurethane foam/paper cores — bow, from a minimum of about 2.’ 10

bending which occurs as a result of North and south panels bowed in similar inch in the summer to a maximum in the
internal forces that develop in the patterns and reached a maximum at winter of 4 . 10  inch for the north panel
facings of the panel. In panels used in about 4 ’ 30 of an inch in January (fig. and 3 / 10 inch for the south panel (fig
the exterior of buildings, these internal 19). Both panels were at a minimum 22).
forces develop as a result of a during the warmer months , with the Particleboard-faced pan els (8N3 .
difference in moisture and temperature north panel essentially flat and the 8S3). —North and south panels bowed
conditions between Inside and outside south panel below 1/10 of an inch. in similar pattern s, the north panel
facings which causes an unbalance in Plywood-faced panels with extruded reaching a maximum at 4 ’ lO inch and
the rates of dimensional change. polystyrene cores. —North and south the south panel at 3/ 10 inch in January

The bowing of wall and roof panels in panels bowed in similar patterns , the (fig. 23). Both panels bowed inward
the experimental unit was studied over a north panel reaching a maximum of slightly during the warmer half of the
15-year period for the original panels, a about 4 ,/ 10 inch and the south panel 3.’ year.
4-year period for panels installed in 10 inch in January (fig. 20) . Both panels Paperboa rd-faced panels (4 inches
1962 , and a 3-year period for those bowed In slightly during the summer thick) —Bow of north and south panels
anslalled in 1968 . In general , a cyclic and early fall. was almost identical with maximum
pattern bowing was observed from year Aluminum-faced panels. —North outward bow during the winter months
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within a narrow range 011/1010 3/10: inch. The south panel bowed outward
for the most part with a maximum of

• 2/10 inch in April and a slight inward
bow in January of 1/10 rich- - 

~~ Roof panels. —The pattern of bowing
of the plywood roof panels is a reverse- 
image of that for aluminum roof panels
(fig. 28), In January, plywood panels-

, . . - . . reached a maximum outward bow of
- . - ‘ 3/10 inch while aluminum panels

bowed inward slightly, in July, plywood
panels bowed inward to 1/10 inch,
while aluminum panels buwed outward
the same.

- Conclusions

~~~~~~
: _ - 

- ‘ 
- .  Structural Performance

— 
- ‘ 

Performance of sandwich panels in
the experimental u nit , for periods up to
31 years , indicates that panels of— -~~~~ ~~. . ~. ,: ,, ,

~ nominal thicknesses can be
~ 

,.. 
.

- 
~ ~~~~~~~~~~ . satisfactorily used in housing- ~~~~ ‘ ‘~~ °

~~
‘ construction. Between 1947, when- T -‘ ~~~~~~~ “~ sandwich panels were essentially an

untried innovation , and the completion
Figure 13. —View of panel ready for testing showing both the long arid short yokes of testing in 1978 , there have been

with transducers for measuring midspan deflection (M 147 139-1) several commercial applications of
sandwich panels to housing. With the

__________________________________________________________________________ increased emphasis on conservat ion of
limited natural resources , sandwich

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• ,. ~~~~~~~~~ -

______________________________________________________________ 

-
‘ ______ period. After exposure, only the

~~~~~~~~~~~~~~ - ‘1) paperboard-faced panels deflected- 
-.~~~~~ 

more than the original design limit.- 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ‘~11~~~~~~~~~ Plywood-faced panels with corrugated
-~~ ~~~~~~~ paper cores performed best , actuall y

_______________ 

becoming slightly stiff er with age.•1.1 I 
~~1M4!L i p 

~~~~~~~~~~~~~~~~~~~~~~~~~
- ~~ ,,-- — -~ - faced with paperboard , aluminum , and

hardboard tended to decrease inFigure 14. —View of shear failure in the paper honeycomb core material along the strength. There is some evidence thatglue line in a panel faced with plywood (panel No. 1N1). (M 147 ~03-7) plywood-faced panels with the
corrugated paper core actuallyof 2/10 inch and with a slight inward throughout the year fro m a minimum of increased in strength, with thebow in late summer (fig. 24). 1 / 10 inch to a maxi mum of 4/10 inch in exception of two floor panels whichMedium-density hardboard-faced the winter months. registered a sharp decrease.panels. —North and south panels Cement asbestos-faced panel. —T he Failures did not occur in the gluebowed outward throughout the year in one panel on the north wall had a bond, except in the case of aluminum-similar patterns (fig. 25). Bowing was continuous outward bow from 2/10 faced panels. Regardless of the type ofminimal in the summer , reaching a inch in summer to 4/ 10 inch in winter core material , whether papermaximum of about 4 / 10  inch in the (fig. 26). honeycomb, polystyrene , ornorth panel and 2/ 10 inch in the south Panels with unbalanced facings. — polyurethane, failure was usually bypanel during the winter. The inside facing of these panels was ¼ shearing in the core .High-density hardboa rd-faced panels. inch birch plywood and the outside

—North panels were flat in July and panel was aluminum-faced hardboard vs on en a e ormance
August and bowed out greatly to a (fig. 27). North and south panels varied In contrast to 1947, there is a majormaximum of 1/2 inch in March (fig. 26), preatiy in the pattern of bowing, The concern today that housingSouth panels bowed Out continuously north panel bowed inwardly all year construction be able to meet rigorous
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Figure 18 —Seasonal bowing of Figure 21. —Seasonal be wing of Figure 24.—Seasonal bowing of
plywood-fac ed panels with paper aluminum-faced panels (15-yea r paperboard-faced panels (4-year
cores (15-year average), average), average).
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Figure 19.—Seasonal bowing of Figure 22.—Seasonal bowing of Figure 25.—Seasonal bowing of
plywood-f aced panels with urethane partic leboard-faced panels (2N2, 2S2) medium-density hardboard-faced
cores (9N3, 9S3) (3-year average), (4-year average), panels (4-year average).
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Figure 20.—Seasonal bowing of Figure 23.—Seasonal bowing of Figure 26.—Seasonal bowing of high-
plywood-faced panels with styrofoam particleboard-faced panels (8N3, 8S3) density hardboard- and cement-
cores (10N3, 10S3) (3-year average). (3-year average), asbestos-faced panels (15-year

average).
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Figure 27 — Seasonal bowing of panels Figure 28 —Seasonal bowing of roof
with plywo od outside , aluminum- panels (15-year average)
faced hardboard inside (4-year
average). (M 1469 17)

(M 145 909)
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