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Load Bearing Strength of Sandwich Panel Walls with Window Openings
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Torsten HOGLUND

Professor
Royal Inst. of Technology
Stockholm, Sweden

Torsten Hoéglund, born 1936,
received his civil engineer-
ing degree 1963 and his doc-
tors degree 1972 at the Dep.
of Structural Mechanics and
Engineering at the Royal
Institute of Technology,
Stockholm. After eight years
as a consulting engineer, he
is since 1982 professor of
steel structures. He has
been involved in local buck-
ling problems in thin-walled
steel structures.

SUMMARY

Sandwich panel elements used as walls of buildings are often weakened by holes for windows. In
this paper is discussed the design of vertically and horizontally placed sandwich elements with
openings for windows in different positions.

RESUME

Les panneaux sandwich utilisés comme éléments de fagade de batiment sont souvent affaiblis
par les ouvertures nécessitées par les fenétres. Cet article traite du dimensionnement des
panneaux sandwich disposés verticalement ou horizontalement et comportant des ouvertures
pour fenétres en différents emplacements.

ZUSAMMENFASSUNG

Sandwichkonstruktionen, die als Wandelemente benutzt werden, weisen hiufig Schwachungen
infolge der Anordnungen von Fenstern auf. In diesem Beitrag wird der Entwurf und die
Berechnung senkrecht und waagrecht eingebauter Sandwichelemente mit Fensteréffnungen in
verschiedenen Positionen behandelt.
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1. INTRODUCTION

Sandwich panel elements with foam-in-place cores and light-gauge cold-formed
metal skins are becoming more and more popular as external walls of buildings
both in Sweden and in many other countries. As often as not it is necessary to
fit windows, vents and doors into the panel wall. Door and larger openings
normally need to be strengthened by using, for example, a steel frame. It is,
however, not necessary to strengthen openings for windows if the sandwich ele-
ment is designed so that it may cope with the extra forces, especially those at
the corners of the window.

Numerous alternative solutions are possible for the fitting of sandwich elements
and the positioning of windows. The sandwich elements may be horizontal or ver-
tical, simply supported or continuous. The windows may occasionally be symmetric-
ally placed in the element, but are normally placed independently of the element
joints. Fig. 1 shows some typical window positions in industrial building walls.
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Fig. 1 Example of window positions in sandwich element walls
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In many cases the windows are so close to each other, e.g. case b) and e) in
Fig. 1, that the sandwich elements and windows must be supported by special
beams.

In the following it is assumed that the window frames are fastened in the cor-
ners only and that no composite action with the sandwich elements exists.

2.  SIMPLY SUPPORTED VERTICAL ELEMENTS

2.1 Windows in every second element

The element between two windows in Fig. 1 a) will be acted upon by symmetrical
forces, wind load on the element itseif, shear forces from the adjacent elements
above and below the windows and shear forces from the adjacent windows. If the
bending stiffness in the transverse direction is slightly less than that in the
longitudinal direction (for example sandwich elements with flat or linear skins
as in Fig. 2) and if the element length is large compared to the element width,
the element can simply be designed for the maximum bending moment in a section
through the upper corners of the window opening and the shear force in a section
through the lower corners. Furthermore the shear force in the element joints
close to the corners must be checked, se below.
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Fig. 2 Sandwich element with linear skins

2.2 Torsional rigidity

When there is more than one element between the windows, the elements between
the windows will be acted upon by asymmetrical forces. The distribution of the
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loads from the windows and from the elements above and below the windows depend
on the bending, shearing and torsional rigidity of the elements. According to
Timoshenko [1] all values of torsional rigidity ny based on purely theoretical

considerations should be regarded as a first approximation, and a direct test
must be recommended in order to obtain more reliable value. Therefore, two
simple torsional tests according to Fig. 3 and two bending-torsional tests
according to Fig. 4 were made. The torsional tests gave

6K, = 84 kNn® and 147 KNm’
for 55 and 85 mm thick elements with the cross section shown in Fig. 2 and skins

of 0.42 mm steel sheet.

These values may be compared with values according to a medified Bredt's
formula, compare Fig. 5,

4 (2bs/3)2 h2
GK =
v 4 (25573Gft + f§ﬁ7i§c555

2 for the core, t =

which, for G = 81000 N/mm% for the sheet, 6. = 8 N/mm
0.42 mm and bs = 1083 mm, gives

2

6K, = 78 kNm® and 148 KNm? (1)

for h = 55 and 85 mm respectively.

Fig. 3 Sandwich element Fig. 4 Sandwich element in bending
in torsion and torsion

Fig. 5 Model for calculating the torsional rigidity GKV. X = bs/3.

The deflection of the torsional-bending test elements of Fig. 4 were compared
with a finite element calculation based on 24 elements in the longitudinal di-
rection and 2 elements in the transverse direction, Isoparametric, orthotropic
plate elements taking into account shear deformation (Mindlin-theory) with four
nodes were used. The torsional rigidity was supposed to be ny = GKV/2b =

37 kNm.

It can be seen in Fig. 4 that the agreement between tests and calculations was
good.
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2.3 MWindows in every third element

A finite element calculation was carried out for the example in Fig. 6 a) where,
by using geometrical symmetry, one whole element and half of the element above
and below the window were studied. The window was assumed to have the same
width as the sandwich elements. )

Calculated deflection, bending moments and shear forces in the element joint are
shown in Fig. 6 c), d) and e) respectively,

N . J B c
i
18
' 3
2 - -1ds é
=z ] ]
g
b F G
§ 7 /
b) 11 «c) e)
|53, 1070 | E A D

Fig. 6 a) Window in every third element
b) Finite element mesh
c) Deflection
d) Bending moment
e) Shear force in element joint

Fig. 6 c) shows that torsion in the element ABCD is small. Therefore, the
bending moment on both sides of the element is almost the same. The bending
moment in the element above the window is about 1.5 times that of an element
which was supposed to be simply supported on the window. The maximum bending
moment is only slightly larger than 1.5 M0 where Mo is the moment at a section

through the upper corner of the window for one isolated element. This result
was used when the approximate formulae in 2.6 were derived.

The shear force in the joints between the elements has a marked peak at the
upper corner of the window opening. A very rough estimate for the peak value
is

V=25g¢g bw. (2)

2.4 Test on joints between elements

The shear capacity of the joints depends, of course, on the shape of the joints.
Tests on joints shown in Fig. 7 gave shear strengths which were 55 to 70 % of
the shear capacity of the element in the longitudinal direction. During testing
crack 1 in Fig, 6 a) appeared at 60 to 80 % of the collapse load (which occurred
when crack 2 arose}. In the rules in Fig. 8 the shear strength of the joints
were, on the safe side, supposed to be half of the shear strength of the element.
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Fig. 7 Testing of the joints between sandwich elements

2.5 Two or more elements between windows

When there are two or more elements between the windows the bending moment in
the element next to the window will decrease. The reduction depends on the re-
lation between the bending, torsional and shear rigidity of the element,

For the type of element shown in Fig. 2 the following reduction factor for the
bending moment can be used

k = 0.6 + 1.6/n° (3)
where n is the number of elements between the windows.
The shear forces will not decrease to the same extent, which is why no reduction
is recommended.

2.6 Design formulae

Proposed design formulae for the type of elements shown in Fig. 2 are given in
Fig. 8. As was pointed out in the introduction the formulae are valid for the
case where the window frames have been fastened in the corners only. The
formulae are conservative if there is composite action between the window frames
and the sandwich panels.

Simply supported Bending moments and shear forces according
vertical elements to the following formulae shall be Tess than
— allowable values for the actual sandwich panel:
0.58 b
: _ ) LA 1.6 S
M —M0(1+W)(0.6 +—n?—>f0r'n_2
= M =2 M0 for n = 1
— _ 949 _9
m Mo =20 1 -9
Furthermore M 2 q£2/8 kNm/m
U2t V = 5ab, 2 qe?/2 and
v >2t, 2q (8/2 - g+ h,)(1 + 1.2 b, /a) kN/m
bw <12 bs where
q = wind load (kN/mZ) bS = element width
t, = element thickness (m)
n~ = number of whole elements between windows

Fig. 8 Proposed design rules for vertical sandwich elements with flat or
creased skins
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3.  SIMPLY SUPPORTED HORIZONTAL ELEMENTS

It is assumed that the windows are so close to each other that the wind Toad on
the windows will be almost evenly distributed along the adjoining sandwich ele-
ments, see Fig., 9.

Fig. 9 Windows in horizontal elements

3.1 Sandwich element supported on three edges
The deflection v of the element below the windows is the sum of vy due to bend-

ing moments, Ve due to shear forces and Vi due to torsional moments.

v, =B (a, +q - q) where B =5 2%/(384 EI) (4)
vg =5 (q, + q - q,) s = 2%/(8 6A,) (5)
v = T (q, + q,) T = 2% /(16 6K,) (6)

At the Tower edge of the element below the window the deflection v =
Vp * Vg T Vg = 0 which gives

I

q. = q, (1 - 28) + qg (1 - B} where - (7)

B T/(B+S + T) (8)

The above is strictly correct only if the distribution of the bending deflection
is affined to the shear and the torsional deflection. The maximum deflection,
bending moment, shear forces and torsional moment is then

Voax = (2.9, + 9 ) (B +S) 28 (9)

Moay = (2 0, +ag) B 17/8 (10)
Viax = (29, +a.) B 2/2 (11)
Toax = (29, +4a)(1 - 8) b, 2/8 (12)

The torsional moment gives shear stresses which shall be added to the stresses
due to the shear forces, The shear stresses due to the torsional moment are
derived according to the model in Fig. 5.

T =7 (ZbT/%)g'?b 737 ~ ! 7 (13)
¢ s s 0.30 h b,

where the factor 1.5 accounts for the peak value of the shear stress in
Fig. 5 a).

A fictitious shear force can be derived
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v T
_ _ max max
Teq = T hpg = [hbs * T30 hbj hb (14)

which, with VmaX
qq = Q bs gives

and Tmax according to (11) and {12} and q,, = Q bw/z and

Te = qbs 2 (1 + bw/bs)(0'833 - 0.33 )

q
where q is the wind load.

3.2 Sandwich elements elastically supported along one longitudinal edge

The element above the windows in Fig. 9 is supported by the other elements above
the windows. If the upper edge of the top element is simply supported, then the
direct wind 1oad on the elements gives no torsional moments. The shear stresses
are then less than in the element below the windows while the bending moment

is larger.

The deflection of the elements caused by the load on the window can be written
vy = (g, -a)(B +5S)-(q,+aq) T=1(a-a)(B+S)+(a +a,) T (15)

which with regard to egn (8) gives

qy = (g, + a,)(1/2 - 8} (16)
and similarly
Gy = (Q1 + Q3)(1/2 = B) (17)

If there are only two elements, then 9, = 0 and the total load on the element
above the window will be

¥q = q, +q,-q =qg +q, (1+8)/2

If there are three elements g = 0, o = (0.5 - B) a4 and from egn (16)
ay = q, (172 - 8)/(1 - (172 - §)°) (18)

B is often close to 1/2 which is why the denominator for practical design can be
put equal to unity. The design formulae can then be summarized as in Fig. 10.

h, o2
] , M=g (e (1+8) « 5 khm/m
S
! | h
I I~ v=q;a(1+5ﬂ)(o.83-0.33 B)  kN/m
T S
g =T/(B+S +T) where
5 g8 K 22 b
B = ;S = s T = 3
384 EI° BEA T6 6K,

Fig. 10 Proposed design rules for horisontal sandwich elements
with flat or lined facing
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4,  CONTINUOUS ELEMENTS

The temperature difference between the inside and outside of the sandwich ele-
ments can be considerable. If the elements are continuous, then restraining
forces must be considered in design. Even if higher permissible stresses are
used for the combination of forces due to temperature differences and wind load,
this Toad combination is governing. Testing of two continuous elements sub-
Jected to a combination of distributed load and temperature difference has shown
that elastical behaviour can be supposed.

Despite the simplification of design methods the calculation involved for the
design of continuous elements with window openings is considerable. The design
tables for permissible loads have therefore been constructed for a number of
spans, window positions and window sizes, compare Fig. 11 a) and b). As these
tables are applicable for specific products only, they are not included here.

—

a)
Fig. 11 Continuous sandwich elements with windows
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