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1. Historical background: 

Heavily influenced by Philibert de L'Orme, many 16th Century 

arr.hitects employed nailed planks to form the rounded shapes 

required for building large arches or ~omes. This technique in­

volved the use of planks joinej vertically: the curve wa~ obtained by 

planing and moulding the edge of the planks according to a pre-esta­

blished model. Thus, the wood was mainly subjected to axial strain; 

but in view of the necessarily minimal thicknesses of the planks, 

and since it was impossible to guarantee the strength of the overall 

assembly, bending was a connon occurrence, representing a considerable 

danger to the stability of the structure. 

In 1832, F.my adopted the principle of forming curved sections, 

regardless of the size of the trees available by overlapping curved 

strips, aligned by brackets and bolts featuring large-diameter 

washers. This teclmiqµe - employed on a number of occasions - failed 

to gain widespread popularity, due to the poor knowledge at the time 

about the rational use of timber, its mechanical strength properties, 

and its behaviour in relation to bolts. 

In 1906, Hetzer decided to try and assemhle planks by glueing 

them together with casein glue. During the next three decades, 

breakthroughs in the field of synthetic adhesives 1~d to the 

discovery of a method capable of achieving results l~ir.h would have 

seemed inconceivable at the start of the century. Initially rein­

forced with neils and bolts, glueing is today employed successfully 

without reinforcements, thanks to synthetic resins of outstanding 

effectiveness. 

2. General: 

'fhe term "~lued-laminated wood" {called "glulam" by way of ab­

breviation), is used to desc~ibe a compact material consisting of 

thin 1.:.tyers of sawn timber, featuring parallel grain, held together 

by special adhesives. 

This modern utilization of wood features countleas technical 

and economic advantages: 

l 
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Size-wise: 

Compared to traditional solid beam dimensions. by joining to­

gether an adequate number of layers. it is possible to achieve 

widths and lengths that are far greater than those dictated ny the 

df.ameter and height of the available trees. 

Shape-wise: 

Shapes need not be restricted to straight ones alone; specific 

milling and curving operations easily produce curved shapes that 

could otherwise never be produced from a tree trunk. 

With regards to vood defects: 

In beams sawn from whole tree trunks, it is impossible to eli­

minate the knots in th~ wood: hence due attention must he paid to 

the negative effects these knots may have on t.he beam's mechanical 

strength characteristics. Instead, laminates are assembled in such 

a wav that the knots are staggered, thus drasticallv reducing i::heir 

negative influence within a given section. Hence, it is possihle 

to select each lamina separately, and position those with knots 

near the lon~itudinal axis or near supports, Le. where bending 

stress is less marked. 

With regards to moisture content: 

Even after mcnths of treatment, solid beams still contain SCJ!lle 

degree of moisture; moreover, as the drying procesr continues, 

shrinkage leads inevitably to splits or cracks at the perimeter of 

the beam. Laminates, instead, can be dried to uniform perfection, 

below the threshold at wh~ch wood is suhject to fungal attack: 

these will be thus in the very best condition to guarantee maximum 

dimensional stability and overall duration. 

From the architectural and aesthetic viewpoint: 

The variou~ shapes, curved or whatever, that can ~e achieved by 

using glued laminates, may well solve any of the static or aesthetic 
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problems existin~ '.-·it!: massive 1.;ooden structures: spans of even 

Hln Meters can '.1e t·uilt usinh p,luPd laminates; moreover, they are 

idea! in the field ol r.1oclular construction, especiailv in dPvelopin)": 

.:..ountries. 

F.conomically speak in.&_: 

\·:ith respect to massive Fooden structures that reriuire stan­

dard sizes (at least in the manufacturinR of hPams), not always 

iJ'!llTlediatcly available in a forest, glulam heilll'.s feature the 

important 'bonus of he in.·~ ma<le 0 11t of sawn t imrer supplied by any 

S<l"-'llii 11. The s:11.T1 t imhPr can furthermore come in am: I Pngth, even 

siwrt, ::;o that evPn low-C111<1lit~· scrap sections car; l:e used. ,\11 

these factors, tk1t <lrf' alrt>ady of considerable ir.q1ortance per st>, 

are like~ise valuahle wit~in the general framework of timber as 

a raw materL1l, reriuiri.1» the rational 11tilizatfPn of the whnlt: 

output. 

In a course dt•V>1ted t,1 thf' ,1~sessment of W••<'·d\:c·rking machinerv, 

it would not lw .1f'('r•'(•fratp t.1 desrrihe thE.' i:1et!iod" for cakul:it i1w 

the propf'rties ,,;- ,,lructun·s m;ide nf µluc·d lamin:ites; we will thus 

simply stress the> fact that glulam structures ;in· virtu2lly as 

stronr as structures made of solid wood. 

Experience has, in fa~t, shown tiiat if co.1struction p1·ocedurf's 

are c;;.rried out In strict compliance with relevant specifications 

and regulations, wor~ing stresses can be increased hy even ten per­

cent: neverthelt..~ss, nianv experts advise the acloption of specific 

reduction coeffi~lents, if the heirht of the section exceeds 30 cm, 

and the profile is not straight, i.e. when the curving of the sheets 

h;is introduced stresses. In this case, due ar:tent ion must he paid 

to the relationship het:ween ~11teet thickness and bendlnv radius: 

the reduction coeffidents drop from 0.93 if the thickness/radius 

ratio is 0.05 percent, to 0.RS If the ratio I!; Pnf' rPrcent, and 

to 0. 77 if the f !v11rc· i ; 1. S pE·rcf'nt. 
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3. Manufacturing specifications: 

Choice of timber: 

Tim~er affected by fungi 0r other pests and parasites must 

be rejected. In this connection, it must be noted that in dried 

timber, th~ presence of large grub holes or smaller dar~ish tunnels 

(dug by ambrosia beetles) ds of little consequence, since none 

of the insects are still alive at this stage. On the contrary, 

if there are small tunnels filled with powder the same colour as 

the wood (signalling the presence of powder post heetles), then 

the insects may still be alive, and thus the timber is seriously 

threatened. 

Among the other defects that are serious er.our,h to warrant 

rejecting sawn timber are the following: 

- lamina deformations due, for instance, to the presence of 

reaction wood (abnormal wood in trees that are not straight or per­

fectly rectilinear); 

- cup shakes; 

- pitch pockets or gum pockets: 

- cross grain: 

- decayed knots. 

Though the glued laminate structures made in Europe and North 

America are almost exclusively fashioned out of conifers, it i~ 

also possible to utilize hardwoods: many tropical or suhlropical 

countries widely and successfully employ this type of timber (eg. 

Eucalyptus, Limba, Ilombe, M!ranti, etc.). Other tirnhers, such 

as :troko, are also utili7.ed for building straip,ht or curved members 

in thP hull of certain types of watercraft. 

Lamina conditioning and preparation: 

One condition that is absolutely essential in guaranteeing the 

success of a glulam atructure is the even distribution of moisture, 

which ~ust be corr~ctly Lelated to thP ambient air. The following 

11.llits have been advised: 

- indoors 12 % <: 3 t) 

- outdoorP 15 % (+ 3 %) 
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With regard to lamina dimensions, the experts have not yet 

agreed on a definite specific•tion. However, we suggest a thick­

ne~s of 25 mm and width of 20 cm. 

The laminas must always be joine<l via multifinger joints: for 

laminaa to be employed in areas of the structure featuring lower 

bending stresses, joints may also be effected directly between the 

two square ends, or vh a plain scarfput if the minifinger jointing 

equipment is located on a production L<.ne, it is best to chose 

the same system for all laminas. 

PlaninJL_<!!ld gagiug: 

Laminas must feature perfectly smooth surfaces, as well as a 

constantly even, carefully gauged thickness. 

Glu<!ing: 

Only after the previous requisites have been fulfilled will 

it be possible to glue the laminas together using the adhP.sive 

best suited to the type of structure involved, and in particular 

also to the degree of hunidity of the location it is to be erected 

in. 

Lamina edges must be positioned accurately, and ends must be 

staggered with respect to the laminas themselves, an<l also 

to any knots present, 

Finishing: 

Even if glueing operations are performed with the utmost care, 

th~re will virtually always be bulges on the surface of the wood. 

Thus, surfaces must be planed by means of machines specifically 

designed to handle this task. Subseque~tly, antiseptic products may 

be applied to protect the laminate from biological alteratione (fungi, 

insect3), and from fire: it is in any case worth mentioning that 

glulam, even wJ.thout fire-proofing treatment, behaves extremely vell 

in the presence of fire. 
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