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There have been many types of glue de-
veloped over the decades that have been 
widely used in glider construction. In a short 
series of articles, we hope to provide some 
background information on these glues, and 

also provide photos of their use in aircraft 
structure. Hopefully this will make it easier to 
determine which glue is used in your glider.
In the first of our series, we featured Kaurit, 
whilst in this issue, we take a look at the old-

est aircraft glue, Casein. With this article we 
hope to highlight Casein's strong and weak-
er points and in doing so, dispell some of the 
misconceptions  this glue over the years..
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For early aircraft, casein was the pri-
mary approved adhesive for wood 
aircraft. Wood aircraft prior to the 

Second World War were likely assembled 
using casein. While there are not great 
numbers of aircraft remaining from this pe-
riod, there have been questions on how to 
inspect and maintain these vintage aircraft.
As a result, I have carried out a literature 
search to find what material is available. 
The Forest Products Laboratory (FPL), part 
of the U.S. Department of Agriculture, has 
published a large number of reports and 
technical notes on the topic of adhesives 
since it was formed in 1910. One of these, 
FPL Report No. 280 (April 1961), Casein 
Glues[1], makes the following comments on 
the long-term characteristics of casein.
If casein-glue joints are exposed for pro-
longed periods to conditions that are fa-
vorable to the growth of moulds or other 
micro-organisms, they will fail in time. The 
resistance to attack by moulds can be in-
creased by the addition of preservatives such 
as the chlorinated phenols, beta-naphthol, 
or phenyl mercury oleate. The copper salts in 
formula probably act to inhibit the develop-
ment of micro-organisms. Tests have been 
developed to evaluate the effectiveness of 
preservatives in casein glues , and these tests 
have been incorporated in specifications for 
mould-resistant casein glues .

While the addition of suitable preservatives 
increases the resistance of casein glues to 
micro-organisms, no casein-glue formula 
has been developed that is completely proof 
against destruction by these agents.
Casein-glue joints can be expected to prove 
permanently durable, therefore, only if the 
moisture content of the wood does not ex-
ceed about 18 to 20 percent for prolonged or 
repeated periods.
The Civil Aviation Safety Authority (CASA) 
of the Australian Government more re-
cently (2005) examined the characteristics 
of casein glue. Here are some comments 
from the CASA Airworthiness Bulletin 02-
011 [2].

Casein has been widely used in the past. 
However, casein is made from milk proteins 
susceptible to attack by micro-organisms if 
the moisture content of the wood and adhe-
sive is above 18%. The joints do not degrade 
instantaneously when wet, but the amount 
of degradation is proportional to the time 
the joint is allowed to remain moist. Casein 
has many advantages as an adhesive, such 
as long pot life and setting at a low temper-
ature. Modern casein formulations contain-
ing fungicide may be an acceptable aircraft 
adhesive.
From these and other sources, it is inter-
esting that the greatest degradation in 
the glue joint comes from prolonged or 

repeated exposure to moisture content 
at or above 18 percent. A single exposure, 
even complete immersion, has little effect 
on joint strength, assuming that the pieces 
are thoroughly dried shortly after the im-
mersion. An example of this is a Hütter H-17 
glider piloted by Theo Heimgartner that 
landed in the Zurisee on May 14, 1939. It 
was reported that the glider was thorough-
ly dried after this water landing and was 
flown again.

A second example comes from flying off 
the sand dunes along the shore of Lake 
Michigan. On at least one flight, the Wolf 
glider, D-Chicago, owned by Joseph Stein-
hauser, landed in Lake Michigan. It was re-
covered from the lake, tipped onto its nose 
to dry out, and returned to flight the next 
day. This was captured in the accompany-
ing photos.

Photo via Klaus Heyn and originally published in Swiss 
Aero Revue

Photo via Joe Steinhauser
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FPL Report 1050 (September 1934), Behav-
ior of Casein and Blood Glue Joints under 
Different Conditions of Exposure by Don 
Brouse[3], shows that casein joints sub-
jected to high relative humidity, either 
continuously or repeatedly, can drop to 
25percent of original strength in 6 months 
or less. However it can take two years of 
constant immersion to drop to 25 percent 
of the original strength.
FPL Technical Bulletin 205 (October 1930), 
Gluing Wood in Aircraft Manufacture by T.R. 
Truax[4], has many good illustrations of 
aircraft components during construction. 
But another major element was a discus-
sion on the durability of the glue joints. 
The following two paragraphs and figure 
from this report support the other reports 
of that time. In addition, they relate the 
moisture content within a wood sample to 
the relative humidity in the environment.

DURABILITY OF AIRCRAFT GLUES. 
None of the glues in practical use at pre-
sent can be expected to form permanent 
joints in aircraft parts that are subject to 
prolonged saturation with water, such as 
seaplane hulls and floats, unless the glues 
or joints are especially treated. Even the 
most water-resistant blood-albumin or 
casein-glued joints, which show a strength 
when first saturated with water of 25 to 
nearly 100 percent of their dry strength, 
fail completely when exposed without pro-
tection for a long time to free water or to 
extremely high atmospheric humidities. 
Failure in such cases is apparently caused 
by chemical decomposition of the glue or 
by its deterioration from the action of fun-

gi and bacteria or perhaps both. Further-
more, unprotected water-resistant joints, 
which are known to withstand a limited 
number of soaking periods of several days 
each followed by drying out without seri-
ously affecting their strength, fail eventu-
ally if subjected to a long series of large 
moisture changes by alternate wetting 
and drying. Under such cyclic conditions 
mechanical failure may be a factor in the 
breakdown of the joints in addition to 
chemical decomposition or the action of 
fungi.
Casein and blood-albumin glues, or even 
high-grade animal glues, do not deterio-
rate under conditions that produce about 
12 per cent moisture content in wood, 
which is close to the average found in a 
survey of aircraft stations.  At such a mois-
ture content, which is considered fairly 
representative, well-made joints of prop-
erly constructed members may reasonably 
be expected to remain permanent with 
only ordinary protection. Glue failures, 
however, are reported to occur in parts of 
aircraft under unusually adverse service 
conditions, where the moisture content 
of the wood undoubtedly exceeds the 12 
per cent average considerably. Adequate 
data are not available for determining the 
exact critical moisture content at which 
casein or blood-albumin glues retain their 
strengths permanently and above which 
deterioration sets in. The available data 
indicate, however, that the critical range 
of moisture content is within 15 to 20 per 
cent for wood. Wood subjected to relative 
humidities of approximately 75 to 85 per 
cent and to a temperature of 70° F (21° C) 
takes on an equilibrium moisture content 
within this range. (Fig. 1.) Under condi-
tions where the wood retains 20 per cent 
or more moisture there is no positive as-
surance of the permanence of glues with-
out special treatment.

This shows that aircraft without special 
surface treatments should not be stored 
where relative humidities are above 70-
75% at 70° F (21° C).  To do so would likely 
cause glue failure.
It is also clear that aircraft, regardless of 
glue type, should not be stored where 
condensation causes moisture levels to be 
high, particularly if droplets form on the 
structure.  This moisture could be detri-
mental to not only the glue, but also the 
surrounding wood.
There were also comments in FPL Techni-
cal Bulletin 205[4] about methods to in-
crease the durability of glued joints.

INCREASING THE DURABILITY OF GLUED 
JOINTS
As a result of research work at the Forest 
Products Laboratory special treatments of 
glues and joints have been discovered that 
materially increase the durability of glued 
joints under severe exposure. ..... The spe-
cial treatments were of three general kinds; 
namely, (1) addition of preservative mate-
rials to the glues before making the joints; 
(2) preservative treatment of plywood that 
had been glue with untreated glues; and 
(3) treatment of glues before making joints, 
followed by the application to the glued 
joints of aluminum powder in spar varnish, 
which is an effective moisture-excluding 
coating.
The combination of preservatives in the 
glue along with a moisture-resistant var-
nish was presented as a means to ‘materi-
ally increase the durability of glued joints 
under severe exposure.’  Clearly, this would 
also improve the behavior under less se-
vere conditions.
Paint is also referenced in CASA Airworthi-
ness Bulletin 02-011[2] (where MC means 
moisture content):
In general, wood will not crack or rot once 
dried to a suitable MC provided it is pro-
tected by paint externally and good quality 
spar varnish or epoxy varnish applied to in-
ternal structure surfaces to slow down the 
rate of change of MC.
So both wood and the glue joint may be 
protected by a good spar or epoxy varnish.
There is limited information in the past 40 
years on the aging of aircraft wood glue, 
and most of this focuses on the resin glues 
that were used post-war. Ulrich Müller 
published an article in the journal Wood 
Research in 2004[5]. It has a single example 
where a casein glue joint was tested. An 
Information Paper from the Building Re-
search Establishment (BRE) in 1984[6] also 
contains a single data point. The informa-
tion generated in these articles confirms 

Photo via Joe Steinhauser

FIG 1- Relation of the equilibrium moisture 
content of wood to the relative humidity of the 
surrounding atmosphere at three temperatures
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the same conclusions that were presented 
back in the 1930’s; casein that is kept dry 
provides very good glue joints.
Another item should be mentioned about 
casein glue joints.  Hans Jacobs noted in 
Werkstattpraxis[7] that when repairing a 
glider piece that contained a casein joint, 
Kaurit may not be used, since the alkaline 
characteristics that remain in the wood 
from a casein joint can inhibit the acid 
from properly curing the Kaurit.  However, 
casein may be utilised to repair structure 
previously glued with resin glues. I have 
not found any reference to repairing a ca-
sein joint with other glues, such as resor-
cinol or epoxy, so test samples would be 
prudent before proceeding with repairs 
using those glues.
So how do the government authori-
ties deal with casein glue? Chapter 6 of 
the FAA Aviation Maintenance Technician 
Handbook discusses Aircraft Wood and 
Structural Repair[8]. It makes the following 
comment about casein glue:
Casein glue should be considered obsolete 
for all aircraft repairs. The adhesive deterio-
rates when exposed to moisture and temper-
ature variations that are part of the normal 
operating environment of any aircraft. 
It further suggests that resorcinol or an ap-
propriate epoxy should be utilised for air-
craft joints. It also provides details on how 
to prepare the wood and then make and 
test a joint. 

The Australian authority, CASA, has taken 
a different position. Instead it states in Air-
worthiness Bulletin 02-011 [2]:
Modern casein formulations containing fun-
gicide may be an acceptable aircraft adhe-
sive. 
The British Gliding Association* (BGA) leaf-
let AMP 4-4,[9] discusses inspection and 
repair of wooden structure (see below). 
The following sentence describes their 
position, which does not define a specific 
solution. [*it should be noted that the BGA is not 
an official Governing Body and has been delegated 
administrative self-regulation of gliding within the 
Governing UK CAA framework. Ed].
Major repairs, which includes all repairs 
which affect the structural integrity of the 
glider, are to be supervised and certified by 
a BGA Senior Inspector. 
So these Airworthiness Authorities are not 
in total agreement, but it is evident from 
research and common practices of a prior 
era, that casein was an excellent choice to 
assemble early aircraft. It remains a good 
choice for glue repairs to the older vin-
tage gliders. It is best if the glue includes 
an anti-fungal additive and is further pro-
tected from moisture with a varnish coat-
ing. If casein glue joints are protected from 
moisture and microbes (and hopefully the 
wood is protected as well), the structure 
of an early vintage glider may be kept air-
worthy. 

Neal Pfeiffer 2016
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Casein is made from curd from milk (when 
milk sours, it separates into curd and whey). 
The first step is to remove the fats, before 
the process of removing the natural acids 
and impurities. Whilst the highest grades 
of casein is not essential to make glue, a 
good glue should be free of insecticidal 
infection, be of a low fat and acid content, 
and free of foreign matter. Whilst casein is 
essentially water resistant, it should not 
however, be considered totally waterproof 
(as is extensively covered elsewhere in this 
article). If subjected to repeated soaking, 
tests have shown that casein does not 
generally perform as well as a strong, 
well-made phenol-or resorcinol-resin-glue 
joint or joints made with un-extended 
urea-resin glues.
Whilst today the chances of people utilis-
ing casein for glider production or repair is 
highly unlikely, there are however several 
considerations that need to be taken into 
account whilst carrying out repairs and re-

medial works involving casein joints. One 
major concern is casein glue-joints being 
exposed to conditions for prolonged peri-
ods that are favourable to the growth of 
moulds and micro-organisms. 
If exposed to high levels of moisture, 
mould will result which will lead to the 
eventual breakdown of the joint as the 
glue itself becomes the food source 
(which is another reason as to why drain-
age holes were so important in areas of 
high moisture/water retention!). Despite 
the fact that manufacturers routinely 
added preservatives to act as inhibitors 
of micro-organisms and the completed 
wood structure was varnished, it will not 
totally eliminate mould in pro-longed 
conditions with high moisture.
Casein glue is easily identified by both smell 
and appearance. In its natural form, casein 
joints take the appearance of a milky-white 
glue, often of a thick consistency.   
Today when dealing with casein, the 

course of time will have often altered the 
appearance of the glue through aging, 
or worse still, when repeatedly exposed 
by excess moisture, attacks by microbes 

(fungicides) which may eventually devour 
the glue, often leaving only either a brown 
stain or white residue where the glue once 
was (as indicated in the attached photos).

A sound casein joint in the GHC Viking 1.Note 
the glue-line in this photo still retains much of its 
original colour.  Photo:  Colin Simpson

Casein Glue  A working guide
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Glues that have been exposed to repeated 
high levels of moisture and have broken 
down, can give off a strong distinctive smell, 
much like that of a strong cheese, or as many 
will often refer to, as smelling a bit like ‘cats 
pee’ and should be considered as an early 
marker of more serious problems within.

Despite casein’s obvious limitations as a nat-
ural glue, many myths over recent decades 
have manifested over the integrity of casein 
glues, much of which, has been largely un-
substantiated and in some cases, has done 
harm to the reputation of well-maintained 
and stored casein airframes. A well-pre-
pared casein powder, mixed correctly (with 
water) and applied in the recommended 
manner (taking particular note to the shelf 
life of the mixed glue, typically measured in 
hours) and correct clamping pressures, pro-
duces an excellent long-term joint in sheer 
that is stronger than the wood itself. Adding 
water as an extender to already mixed glue 
(which was a common practice in general 
carpentry shops in years gone by) should be 
avoided at all costs for aircraft production, 
as this can weaken the resulting joint.  
Contrary to more dismissive modern day 
beliefs, casein has proven to have good ag-
ing and good gap-filling properties (>1mm) 
however, especially when compared to 
gap-filling urea-formaldehyde (UF) thick 
glue-lines (Ref: Müller[5]), with up to 50% 
higher strength levels being recorded in 
some samples. RAKNES (1997) concluded 
that casein glues retained their dry strength 
better than gap filling UF adhesives after 
natural and accelerated aging, because 
moisture and heat ‘plasticise’ the glue. This 
will give better stress relaxation and better 
load distribution compared to UF adhesives. 

So what are the practical things to keep 
in mind when dealing with casein? Casein 
has been around since the ancient Egyp-
tians. Being the best performing glue of 
the time, it was a natural choice for manu-
facturers with the advent of aviation. Ca-
sein was commonly used up to, and the 
immediate years after WW2. Notably, the 
Polish manufacturer, SZD, who used ca-
sein right up to the construction of the 
Jaskolka , with the first non-casein SZD 
product being the SZD 22, Mucha Stand-
ard in 1958 (SAN used casein up until 1963 
in the production of the Jodel).

One major consideration when carrying 
out repairs with casein-glued gliders/air-
craft, is that the glue has high levels of al-
kalinity through aqueous alkaline solvents 
in the production process of casein. These 
levels of alkalinity can have significant ef-
fects on the curing of acid based glues 
such as Aerolite and can render the result-
ing new joint as virtually useless due to the 
reduction of the hardeners acidity by the 
residual alkaline of casein. Therefore care-
ful preparation of casein joints need to be 
considered when using acid based glues 
for repairs.
The BGA publication,  ‘Standard Repairs 
to Gliders’, outlines the preparation of old 
casein joints by first instructing the clean-
ing of all remnants of the glue, before 
liberally painting the immediate area of 
both surfaces to be glued with aerolite 
acid hardener and allowing to dry. Re-
peat the process of painting the surfaces 
with acid hardener, which should have 
by now, removed any traces of residual 
alkalinity in the immediate area requiring 
re-gluing. This process MUST be adhered 
to religiously when utilising repairs with 
acid based glues and must be carried out 
under the supervision of suitably qualified 
personal. 
So in a final summery, Casein can be ex-
pected to prove permanently durable if 
the airframe has been stored correctly and 
the moisture content of the wood has not 
been exposed to prolong or repeated peri-
ods of high moisture. History and rigorous 
testing has proved that casein is a trusted 
and proven glue over the longer term, 
however like all glues, its limitations must 
also be acknowledged and acted upon 
through thorough and sound inspection/
repair techniques.

Bruce Stephenson 2016

An example of good longevity. Note the 
soundness of the joints in this 1917 Bristol F2b 
box-spar.  Photo: David Underwood

Close up of a nose-rib casein joint that has totally 
broken down on the 1935 prototype Kite 1. 
 Photo: David Underwood

Prototype Kite 1. Nose rib with major breakdown 
of casein glued joint.  Note the remains of the 
white fungas residue  Photo: David Underwood

Prototype Kite 1. Stub-spar webbing showing 
completely failed joints with soldiers removed. 
Note the'brown tinged areas' around where 
the actual joint was originally clamped under 
pressure. Photo: David Underwood

Well-preserved casein glue joints on a pre-war 
Slingsby Dagling wing rib.
  Photo: David Underwood


