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-.l. --,-x" &het. I alt ble 47 bjdka beke t  til brudd. Bjdlcatc bIc f m b d k t  av ;iOnt gnuvirke aan 
bIe sorrert etter reglcac i NS 47. Ti d e  bi&& ble der buiy&c virke av to kvalitæris, med 
lavcstc kvalitet i dc indre 60 % av tv&ttet. Dec ble benyact tre forskjellige IameiltykkeLcr, 
nemlig %", 1" og 2". 

Der bIe cn signifikant forakjel1 i styrke og stivhet mellom laveste og h~ycste virkes- 
: I ;J 

kvaiitet. Variasjonene i sryske og stivhet som funksjon av lamdltykkelsen var ikke signifikant, 
men 2" lameller p i gjenaomoilitt de 5v&aa bj&enc 1 ' 

~ ~ v a r s t e r k t ~ a v k v ~ t e t e n a v ~ i d e y t r e ~ p %  
scrrllrrden. SV& anm av rire CIICC qor av tmnu syntes i kunne d g a e  sterkt reduart 

ctyr~KvirtasomUsZpnkantenavIlmclloic at f i b e r f ~ d t  dcaivarb&digct 
av sagsnittet, var o h  en direkte ksk til brudd. De srrmgerc krav som NS H 7  &r til kviafi nu b t m ,  synes siledes for- 

nuftige ogå for virke til h i m r t e  lmnmdcsjoner. 
- 

I artikkelen sammenlip;ne.s de oppnldde resulcater med tilsvarende verdicr funnet av ThuneU for massive trebjelker av svensk 

furuvirke, samt med de tiiiarte verdier som er angitt i NS 446. De laminerte bjclkcne var i gjennomsnitt ca. 21 % sterkere og 

stivere enn de massive furubjclkene. De ULfatrc bØyniagsspenningene som er foreskrevet i NS 446, synes rimciige, mca kan 
trolig forhmcs noe for virke av hveste Lvaiitet (T 21 0). 

Fo&enc synes i i a d i i e  at e l & d u l c n  fm Iaminerte bjelker av alle virkcskvaiiteter kan settes a. 20 96 h m c  enn 

fh i NS 446- 

Glued laminated timber is receiving increasing 
attention from architects and structural engi- 
neers as an attractive material for many t~pes  of 
strucmres. 

In Norway, laminated timber structures are de- 
signed in accordance with the provisions of the 
Norwegian Standard NS 446 (1) issued in 1957, 
and the materials used for lamination are graded 
according to the suuctural grading rules set forth 
in NS 447 (2). 

NS 446 and NS 447 are to a large extent based 
upon test results from other countries. It was there- 

fore deemed necessary to-investigate their adequacy 
to Norwegian species. 

This report presents the results o£ an experimen- 
tal investigation of the strength and the stiffness 
of glued laminated beams. Major variabIes were 
grades of &ber and thicknesses of laminations. 

2. Acbwiedgement. 

This investigation was carried out as a coopera- 
tive d project of the Norwegian Building 
R.esearch Institute and the Norwegian Institute of 
Wood Working and Wood Technology. The in- 
vestigation was sponmed by the ~ o j . 1  Novegian 
Council for Scientific and Industrial Research. . 

Fig. 1. 

4 Nonrinal dimertsiorts of beams. 



A total number of 47 laminated beams were 
tested to destruction. The beams all had a nominal 
size of 7 X 20 X 450 cm, and were loaded through 
concentrated loads at the third-points with a total 
span Iength of 420 cm, see Fig. 1. 

Fig. 2 shows the cross-sections of the beams. 
Three different series of tests were executed, ac- 
cording to the following scheme: 

Series 0; 13 laminations of 16 mm thickness. in each beam 
Series 1; 9 - 22 B -D- 

Series 2; 4% ->- 45 > -+ 

Each beam consisted of two different grades of 
tirnber with the best grade in the outer 20 per cent 
of the larninations on each side. The Norwegian 
design specifications state that the allowable bend- 

- - 

ing stresses prescribed for the structural grade 
which is used in the outer 20 per cent on each side 
of the cross section can be used even if the inner 
60 per cent of the cross section consists of materials 

- - of the next lower structural grade. 
The structural grading rules of NS 447 are 

briefly reviewed in Section 5. 1. According to these 
ruIes, the tirnber is classified into the following 
groups: 
T390, T 300, T210  or abelow grades, where 

T 3 9 O represents the highest quality. 
Table 1 shows the number of beams which were 

tested in each of the four major groups of grade 
combinations. The following symbols are intro- 
duced : 

A for T390  
B for T300  
C for T'21q 
D for abelow grades. 

Table 1 contains 42 beams. The rernaining five 
beams had combinations of grades which fell out- 
side the outlined pattern. 

The beams are designated according to  the grade 
combinations in such a way that the first letter indi- 
cates the grade of the oucer laminations while the - 
second letter denotes the grade of the inner lamina- 

T a b l e  1. 
Nmzbw of beants hz different test gvtn~ps. 

~r; idcr  AB AD BC CD 

tions. The first nurnber indicates the series to which 
the beam belongs. Hence, the number 1 AB 4 
identifies beam nuinber 4 of series 1 which had a 
conibination of T 390 and T 300 materials. 

4. Matmials. 

Norway spruce from the district of Kirkener in 
S o l ~ r  was used in all beams. Kirkenær belongs to 
one of the best forest districts of Norway and is 
situated approximately 150 meters above sea level 
at a latitude of 61.5 O. 

The materials were selected at random from a 
sawmill in the district, and were kilndried from 
green condition down to a moisture content of 
12 % as soon as possible after the sawing. 

The materials were subsequentty conditioned for 
several months before the production of test spe- 
cimens. 

It appeared that the selected materials contained 
a rather high percentage of compression wood. 

S. I. Structural grading . . . The materials were 
graded after surfacing. The most important re- 
quirements of the Norwegian grading rules (NS 
447) are summarized in Table 2. Additional re- 
quirements are given in NS 447 for the maximum 
admissible sum of knots, which is measured over a 
length of the piece equal to its width but not 
exceeding IS cm 

T a b l e  2. 
Grading Ricles (NS 447) 

Quality CIass T 390 T 300 T 210 

Width of gowth rings (mm) max 3 5 - 
Slepe of grain . . . . . . . . . . . . . max 1/14 1/10 1/7 

Narrow face of plank max 1/4 1/3 1/2 
*a Wide face of plank or board 

2 middle portion . . . . . . max 1/6 1/4 1/3 4 1 Wide face of plank a board 
outer portions . . . . . . . . max I/S 1/6 1/4 

*) Measured in relation to the width of the pertineut face 
of the piece under consideration. . 



Fig. 3. 
Registrittion of kfaots in lit~~~isatiorrs, 

NS 447 specifies that compression wood shall not 
be allowed to a degree that is aworth mentioning,. 
This is a rather vague statement that caused some 
trouble during the grading. 

5.2. Registration . . . All the laminations of 
each beam were placed in a frame in the same order 
as in the beam, and were photographed, see Fig. 3. 
A number of strings identified the positions of the 
knots in the Iongitudinal direction of the beam. 
Color pictures were taken of both sides of the wide 
faces of the laminations. 

5. 3. Lamination . . . The moisture content of 
each lamination was measured by means of a Mar- 
coni electricaf moisture meter. The average mois- 
ture content was 12 %, with variations not exceed- 
" g - r 2 % ,  

A casein glue was used. Glue was spread by 
means of a mechanical glue spreader at the rate 
of 300-3 50 grams per square meter, which was 
applied through double spreading. The gluing oper- 
ation was carried out within maximum 30 hours 
after the surf acing of the laminations. 

The beams were cured for minimum two hours 
at a temperature of 20 O C and a pressure of 8- 
10 kg/crnz. An additiond period of curing of 
at least seven days was allowed before final 
maschining and testing. 

6. Testing. 
The bearns were loaded at the third-points as 

shown in Fig. 1. The loading arrangement, includ- 
ing hydraulic jacks, load cells, rollers and rocker 
bearings, is shown in Fig. 4. The bearing blocks 
were made from teak and were slightly wider than 
the beams. 

The load was applied continuously at a rate of 
approximately 200 kg per rninute, which in the 
elastic region corresponds to a strain rate of ap- 
proximately 225 micro-strains per minute in the 

extreme fibres of the central portion of the beam. 
This relatively slow rate'of loading, which is only 
one third of the speed prescribed by the ASTM 
Designation D 198-27, was chosen in order to 
facilitate the strain readings. 

The corresponding stress rate was approximately 
30 kg/cms per minute, which agrees dosely with 
the stress rate of 28 kg/cm2 used by Thunell (3). 

The deflections in the region of constant bending 
moment were measured by means of a dia1 gage of 
0.01 mm accuracy, as shown in Fig. 4. The distancel 
between the supports of the gage was 130 cm. 

The center deflection was also measured in relat- 
ion to the supports of the beam. This was accomp- 
lished by means of a scale fixed to  the beam in its 
center and a string spanning between the supports. 

Most of the beams of Series 1 were each provided 
with four electrical strain gages. Gages of the types 
Philips PR 9812 and Huggenberger Tepic Type K 
were used. The effective gage lengths were 8 and 
22 mm, respectiveiy, for the two types. 

The strain gages were as a rule plnced across the 
depth of the center cross section of the beam. The 
strains were recorded by means of a self-balancing 
unit of the type Briiel & Kjær. Each set of strain 
readings consisted of two separate readings of each 
gage. The strains were read in a cyclic manner and 
the Ioad was recorded a t  the beginning as well as 
at  the end of the cycle. Loads as well as strains were 
&en averaged. 

After the beam ha&-been tested to failure, a 
portion was cut out approximatefy one meter from 
the end of the beam. From this portion clear wood 
properties were determined. Clear wood compres- 
sive strength was determined for the laminations in 
the extreme 2'' on the compression side. Grres- 
~ond in~ ly ,  tenge strength properties were deter- 
rnined for the laminations on the tension side. 

>- 

li' 

Fig. 4. 
Loadirag arrttngmerrt, 



Fig. 5. 
A brittle failrtre. 

Two different types of failure in tension were 
observed. In most of the beams the wwd was very 
much splintered in the zone of coliapse, see Fig. 4. 
In other beams the zone of failure was very short, 
as shown in Fig. 5, and the character of the failure 
was rather brittle. The brittle failures were gener- 
ally associated with relatively low strengths. 

The most important test results are presented 
in Tables 3, 4 and 5.  The load-deflection relation- 
ships were linear up to a load (P, ) which with few 
exceptions ranged between 60 and 80 per cent of 
the ultimate load. The first wrinkles in the com- 
pression mne udally appeared at a load (P,) &e- 
where between 75 and 100 per cent of the ultimate 
load. 

Moisture content and specific gravity was deter- 
mined for all of the laminations, and shear block 
strength was determined for all of the glue h e s .  

A description of the observed general behaviour - of the beams and the mechanism of failure is pm- 
sented in a separate report (4). All of the beams 
except two failed by a destruction of the tension 
side of the beams. The two beams failed by lateral 
instability. In ail but four beams did the failure 
of the tension side occur after the development of 
wrinkles in the compression side. 

The modulus of elasticity was determined from 
the observed deflection on that portion of the beam 
which had constant bending moment. Fig. 6 shows 
some t y p i d  relationships between observed loads 
and deflections. The recorded deformatiom in- 
cluded a small amount of permanent set. Beam no. 
2E2 was stepwise unloaded as indicated with dotted 
h e s  in Fig. 7 in order to determine the amount 
of permanent set. At the second loading to a previ- 
ous maximum no permanent set was recorded 
except at very high loads. The slopes of the dotted 
curves of Fig. 7 correspond to a modulus of elas- 
ticity of appmximately 150 000 kg/cm2, which is 
nine per cent higher than the modulus computed in 

T a b l e  3. 

Test resz~lts - Serterres O.**) 
.-- 

Ccm-rection 

Bcrm 
No. 

*) Fdme by lated mst;lbilitp. 
++) Notseions: 
b - width of beam, 
h - height of bcrm. - - 
J - moment of incrtin. 
PE - 1 ~ d  at proportional b i t .  

3170 3430 3920 0.81 0.88 461 532 140.8 

2540 3000 3820 0.66 0.79 406 517 117.8 
2840 3040 3900 0.73 078 414 531 155.0 
2350 3150 3610 0.65 0.87 430 492 1352 
2000 - 3020 0.66 > 1.00 - 392 120,O 
- 

p, -load~tfonnationofwria]rl+rmthecompies8mumc 
Pult - ultimate hd. 
0 ,  - &um bading stress at the fint forrmtion of 

wrinkles. 
a,lt - moduluv of rupturr. 
E - moduliis of dasticity. 



T a b l e  4. 

Barm 
b h J p~ p, 

No. 

IBD 1 
2 

1E**) 7.00 20.11 4770 2780 *) 4271 0.65 * *) 632 137.6 

*) Not masured. 
**) E stands for acxrraa. 

Test R e d s  - Series 2. 



Defleciion, mm 

Fig. 6.  
Lond-dcflcctiott cirrves for bcnnrs 2 CD. 

the regular manner from the full line deflection 
curve of Fig. 7. 

A summary of the observed values of the bend- 
ing strength (moduIus of rupture) and the mo- 
dulus of elasticity is presented in Table 6, which 
also contains computed average vdues and stand- 
ard deviations for the individual groups of speci- 
mens as well as the total series. Frequency distribu- 
tions of the bending strength and the modulus of 
elasticity are presented in- Figs. 8 and 9, respec- 
tively. 

An analysis of variance indicated that the diffe- 
rences between the structural grades AB and CD 
are significant on the 95 per cent leve1 of prob- 
ability, while no significant difference was found 
between the different thicknesses of laminations. 

Two beams were excIuded from the statisticaf 
study, viz. beam's no. 1 AB 4 and I AB 5 .  These 
beams need further comment. They both failed 
suddenly in tension, as shown in Figs. S and 10. In 
beam no. 1 AB 4, the early colIapse was clearly caus- 
ed by an attack of fungi. The area around the zone 
of failure in the outer lamination on the tension side 
was weakly colored in dark blue. It is doubtful 
whether such a discolor wouId be detected during 
structural grading. 

Beam no. 1 AB S apparently had more com- 
pression wood in the outer tension lamination than 
the other beams. The amount of compression wood 

was, however, not so large that i t  is likely that 
such a lamination would be excluded from the 
highest structural grade on the basis of the rules 
of NS 447. 

The tensile strength of the mood on each side 
of the zone of failure of this lamination was deter- 
mined by means of small clear wood spccimens. 
These tests did not reveal any abnormality. The 
low strength of the beam may possibly be ascribed 
to minute cracks in the fibres caused by rough 
handling during logging or trsnsportation of the 
timber or by wind forces. 

Unfortunately, the test was discontinued when 
the specimen brolce as indicated in Fig. 10. .It seems 
reasonable to assume tliat the major part of the 
beam was still undamaged at that time. If i t  is 
assumed that the effective cross-section of the beam 
was reduced by two laminations and that the 
strength of the other Iaminations corresponded to 
the average value for tirnber of gade  B, it is found 
that the ultimate Ioad, through a continued load- 
ing, probably could be raised from 163r) lcg to 
2350 kg. This would give a modulus of rupture, 
computed on the total cross section, of approx- 
imately 3 50 kg/'cm2 instead of the value of 242 
kg/cm2 which is Iisted in Table 6. 

A statistical study of the bendiig strength of 
all the beams of grade combinations AB and AD 

Datliellori , mm 

Fig. 7 .  
Load-dcflcctioti clirvcs for brnrtis 2 E .  



Fig. 8. 
Freqirency distrih~tion of Irpnditrg strength. 

Fig. 9, 
Frcqr~ency riixtribsfioti of rnod~iil~r of ' e i o s f i r i ~ ~ ,  

T a b l e  6. 

Grade  

Serier Tcsr 
No. 

Bcnding strcngch (kg/cm2) Modulus of clarriciry (kg/cm2 
No. 

AB AD BC CD ALL AB AD BC CD ALL 

1 628 532 147.2 140.8 
2 648") 517 155.2 117.8 
3 608*') 531 146.5 155.0 
4 554 492 146.2 135.7 

O 5 i62 392 130.5 120.0 
6 568 132.3 

Average 593 493 548 143.0 133.9 138.8 
St. dev. 36 57 70 9.6 4 12.8 

Average 621 622 566 549 f88 150.3 140.2 137.7 126.9 139.3 
St. dcv. 84 40 99 70 64 10.3 9.8 12.7 10.4 12.4 

Average 530 I28 529 131.4 130.1 130.8 
St. dcv. 30 36 3 l 12.2 -- 8.8 10.1 - -  
Avcrage 604 622 548 523 5 62 145.9 140.2 134.6 130.3 136.5 

ALL' ' St. dev. 5 7 4 O 7 1 i E 70 10.0 9.8 12.2 11.3 12.4 

+),.E?taluded from the statistical study. 
*"l. Failurc by instability. 



Fig. 10. 
Faitrrre fit bcam no, 1 AB i. 

assuming 3 i 0  kg/crn2 for 1 AB 5 ,  yielded an aver- 
age value of 587 kg/cm2 and a standard deviation 
of 86 kg/cmq instead of the values presented in 
Table 6. 

It was nor considered reamnable to assume that 
weaknesses such as .&ose described above tend to 

- appear more often in the highest structural grade 
than in the Iower ones. It therefore seems justified 
to exclude the two above' mentioned bwms f g ~ m  
the comparison between the different types of 
beams which is presented in Table 6. 

The results of these two tests as weIi as others 
clearly demonstrated the importance of high 
strength in the outer laminations on the tension 
side. T'be theory of the mechanism of failure out- 
b e d  by the author (4) &o predicts that the 
strength of the extreme tension fibres greatly in- 
fluences the strength of the member. 

Great care should always be taken in order to 
selecr the ve ry best materials for use on the tension 
side. The author bdieves &at existing statistica1 
analyses of the effects of knots in laminated beams, 
which are based on the assumption of a linear - 
stress distribution across the beam at failure, greatIy 
underestimates the effect of knots in the tension 
side. 

The tests alm clearly demonstrated that knots 
in &e neighbonrhaod of the edges of the lamina- 
tiuns were more criticd than t h e  in the central 
part, espedally when the grain disturbances around 
the knots were damaged by the saw cuts, see 
Fig. 11. 

A comparison between Series l AB and i AD 
shows no decrease in strength when eimber of the 
medium structural grade in the interior of the 
beams was replaced with ebelow grades timber. 
A Iarger number of tests might, of course, have 
revealed a minor difference- between the m o  
groups. 

Table 7 shows average moisture content and 
specific gravity of the different types of beams. 
The variations are very small and the beams with 
the highest average moisture content also had the 
highesr average specific gravity. The results in 
Tables 3, -4, 5 and 6 ares therefore, directly com- 
parable without any corrections for moisture cun- 
tent or specific gravity. 

No failure was observed in the glue lines during 
the testing of the beams. Alm the tests of the glue 
lines by means of conventional shear block speci- 
mens indicated that strong and dependable glue 
lines bad been obtained in all the beams. 

A relatively large investigation of the strength 
properties of solid beams of Norway spruce will 
be executed at the Norwegian Institute of Wood 
Vorking and Wood Technology in the near future. 
Before the xesults of &at kvestigation are avail- 
able, very Iittle information is at hand for com- 
parative purposes. 

The allowable stresses given in the Norwegian 
design standard for tunber stmctures NS 446 (1) 
are prciblably to some extent based on the test 
results obtained by Thunell (3) in an investigation 
of Swedish Redwood. It may, therefore, be of 
interest: to compare the strength praperties of the 
laminated beams with those'obtained by Thunell. 
Such a comparison is shown ih Table 8, where the 
data for the solid beams have been corrected for 
a small Gference in the moisture content between 
the two t y p e  of beams. 

The coefficients of variance are lisred in the 
parentheses of Table R. It should be noted here that 
the variances of the two series are noe directly 
comparable, The tests by Thunell included materi- 

Fig. 11. 
Faili~res tbro~rgh edgc hots.  



T a b l e  7. 

Moisrure Conrenr (%) Spccific Gravity * (kE/dm3) 

AB AD BC CD ALL AB AD BC CD ALL 

ALL 11.6 12.0 12.8 12.2 12.2 0.413 0.407 0.424 0.41 3 0.416 

Weighc 
when p is the moisture content. 

als from different districts of Sweden, while all be necessary to make some ascumptions with respect 
the materials for the author's investigation came to factors of safety, effects of sustained load etc. 
from a single district i Norway. The allowable bending stresses for sustained load 

This comparison is also ~roblematic since the will be computed from the following formula 
investigation by Thunell included beams of differ- 
ent heights. His tests clearly indicated increasing 1 
strength with decreasing height. Since the lami- 

' 9 = T m n h .  n1 (P - 2#=1 

nated beams were higher than the majority of the 
solid beams, Table 8 tends to underestimate the whefe 

relative strength of the laminated beams. 
Table 8 indicates that the modulus of rupture as 

well as the modulus of elasticity of the lamidted 
beams made from Norway spruce are on the aver- 
age approximately 25 per cent higher than the cor- 
responding values for solid timber beams of Swe- 
dish Redwood. The coefficients of variance seem 
to be lowest for the laminated beams. 

The values of a_ and s, have been determined 

am = the observed average modulus of rupture 
s, = the observed standard deviation 
ns = factor of safety 

nh = height factor 
n, = sustained load factor. 

9.  Col~zparison wtth NS 446. by means of the iists and are listed in Table 6. 
In a normal distribution only 2.1 per cent of the 

In order to compare the test results with the total number of tests results wiIi fall below the 
Norwegian design specifications (NS 446) it will value (a, - 2 s, ) . 

Coirrparison of Lai~ziuated and Soalid Timber Beai~zs. 

Modulus of rupture (kg/crn2) Modulus of elarricity (k6/crn2) Avcragc Avcragc 
moisture ipecific 
contenr grw~cy 

T 390 T 300 T 210 ALL T 390 T 300 T 210 ALL '5 kg/dm3 

A)  480 450 =n r  438 116000 113000 103000 111000 14.6 0.410 
Solid (22) (23) (22) (17) (18) (18) 

B) 604 f4 8 123 558 146 O00 134 O00 130 O00 137 000 12.2 0,416 
Laminatcd (9.S) (13) (11) (7) (9) (8.S) 

Ratio B/A 1.26 1.22 1.36 lr27 --- 1.26 1.19 1.26 134 

*) From reference (3 ) .  Corrected to 12.2 per cent moisturc contcnt. 
In parentheses: Cocfficients of variince. 



A factor of safety of 1.5 will be used. Severa1 
empirica1 formulas exist which account for the de- 
crease in strength of wood beams with increasing 
height. In laminated beams, which may differ very 
much in height from case to case, this effect should 
preferably be considered separately in each case. 
However, since NS 446 does not specify an dow- 
able strength that varies with the height of the 
beam it seems advisable to base the allowable su~s- 
ses on a fairly large beam height. 

Wood Handbook (6) gives the fdowing empiri- 
cai formuia for the height f a m r  

n, = 0.81 (H? + 143) / (W $_ 88) 

where H is the height of the beam, measured in 
inches. 

It seems reasonable to base the allowable stresses 
for laminated beams on an average height of 75 
cm (30"). Sice  the experimental investigation in- 
cluded beams of approximately 20 cm (8") height, 
a reduction factor 

should be introduced to account for -the reduced. 
strength of higher beams. 

The ratio of the sustained load strength to the 
strength as found in tests of approximately half an 
hour duration may according to Wood ( I )  be esti- 
mated to 0.60. 

Conzpahn~ of Test W t s  witb NS 496. 

Hence we compute the allowable bending stress 
from the following formula 

For the modulus of elasticity it sewns suffiuently 
conservative ta compute the design value by the 
formula 

E a = E m - 2 s  

Table 9 shows a comparsion between the com- 
puted dowable stresses and moddi of elasticity 
and those at present prescnibed in NS 446. 

The bending strews given in NS 446 are indeed 
reasomble. A minor increase in the aliowable stress 
for laminated timber of the lowest strucnuaI grade 
(T 210) seems jnstified 

The moduIi of eIasticity specified in NS 446 
seem to be too conservative for laminated timber. 
An increase in E of 20 000 kg/cmn seems to be 
justified for all  the grades. - * 

10. Stcrnvnary and Concl~csions. 

This report pmsents the results of an experimen- 
tal investigation of forty-seven laminated timber 
beams. It should be emphasized that the materials 
foc all the beams were purchased from a single saw- 
miil in one of the best forest districts of Norway. 

On the basis of the test results, the following 
conclusions seem to be justified: 

Smiend Solid Limkr R a m  Avengc modulus M n d  Compnred 
grada Em &k E ~ ~ ~ / E ,  d .1~ticity d~v iawn ~+M.E.+* 

Design M.E. nitio 4 

E 1 m  Em E, Es 
/ 'NS 

T390 100 000 100 000 1.0 146 O00 10 O00 126 O00 120 000 1.20 
T3 00 90 O00 90 000 1.0 134 000 12 O00 110 000 110 O00 1.22 
T210 70 000 70 O00 1.0 130 000 11 O00 108 O00 90 O00 1.28 

*) u, = 0.32 (u, - 2  sb) 

*O) Ea = Em - 2 IE 



i) A significant difference in stmmgth and stiff- 6) Additional tests should be carried out in 
ness was obsemed between &e beams of the &hest order to substaniate the validity of the m o  pre- 
and the Iowest grade. ceding conclusions for materials from other dis- 

2) No significant difference was fonod for the 
different thickneses of laminations. Beams with 
laminations of 2" thickness had, howeuer, slightly 
lower avemge strength and stiffaess than beams 
with thinner laminations. Il. REFEREMCES 

3)  The strength of laxninated beams depends 
very much on the qdy of the outer laminations 
on the tension side. Even very weak traces of 
fungi may r e k e  the streng& of the beam con- 
siderably. Care b o d d  also be uken in order to 
avoid compression wood in these iaminations. 

4) The dowable stresses specified in NS 446 
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