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SUMMARY 

This repor t  brjefly describes beam construction, t e s t  procedure and present:; i he results  
obtained for mid-span concentra ted loading of four, two  spa11 c o n t i n u o ~ ~ s  nail p la te  
laminated beams and one solid beam. 

Nail p la te  laminated beam dimensions were  45 x 147 m m  consisting of two laminates of 
ei ther a l l  r e d  guin or r e d  gum and stringy bark in terconnected by nail  plates producing 
bearns spanning 6 m continuous over t h r e e  supports. The solid beam was of r e d  gum v d i t l r  
dimensions of 50 x 150 mm. All t imber was s t ress  graded at F14 and t h e  nail  p la tes  were 
manufactured by Bostitch. 



F1,EXURA.L TESTS ON 11830-SPAN 
CONTIIlTUB'iBS Y4AlL PLA'FE LAMDJATZD 

IlARDWOOD BEAMS 

Four nail plated laminated 11eams 45 x 147 m m  consisting of two laminates, and one solid 
red gum beam 50 x 150 mi11 were supplied for testing by J.M. Hinz & Sons, The Caves. 
The beams were continuous over two, t h e e  metre  spans, and were subject to  a 
concentrated load applied mid-spw of one spzn and in one instance z concentrated load 
applied sin~ultaneously to  mid-span of both spans. 

The testing program was performed t o  assess the 1oa.d response cha.racteristics of the 
beams with particular attention focused on beam failure mode. 

Mr. Henry Hinz, representing 5.13. Hinz & Sons, was present during testing of the soiid 
and three of the four nail plate  laminated beams which was performed on 18 h/iarch, 1936 
in the Heavy Structures Laboratory, Dep'xrtment of Civil Engineering, Capricornia 
Institute. The forth nail plated beam was modified by addition of a plate  t o  the tezsion 
side of t h e  but t  joint and was tested in the presence of Mr. Hinz on L1 March, 1986. 

The nail plate  laminated beams consisted of two laminates, of approximately 45 x 75 nlzl 
non-continuous members, interconnected by Bostitch nail plates located either side of 
the joint as  shown in Figure 1. The laminates were in general red gum, however ill o ~ l e  
beam, some stringy bark laminates were used. The stress grade of the laminates a ~ t d  the 
solid timber beam was F14. 

FIGURE 1 -- 
Plates positioned over end s~rpports and quarter points were 150 x 75 mm, over tlie centre  
support L50 x 115 mrn, and a t  mid-span l t 5  x 125 mm. 

Eutt  joints in the first two beams tested, identified NLBl  and NLB2, were located on Ihe 
compressioil side a t  mid-span. Butt joints in NLB3 were positioned on the tension side a t  
mid-span and over the centre  internal support. 

Premature failure in the tension zone of the nail plates located a t  mid-span of NL,BI; 
resulted in NLB4 being modified in this region. A tension plate  with the nails mzinua!ly 



driven was added in an attempt to increase the moment capacity of the joist; 

TEST ARRANGEMENT 

plate 1 shows a beam being subjected to a concentrated load a t  mid-span of each of the 
two continuous bays. j. 

. - . - . - - - 

To provide the three supports to the beams universal beam sections were bolted to the 
' 

main columns of the Three Dimensional Loadirig.frame. Cap plates with a piece of 38 
mm diameter round welded to them, with the plates in turn being welded to the top of 
the UB, provided a line support to the underside of the beams.' Threaded rods were also 
ielded to the cap plates to allow beams to easily pass through. A plate with' holes drilled 
to fit over the threaded rods and with a piece of 38 mm diameter round welded to the 
underside held the beam in position. Nuts were tightened to  
tightness to provide restraint but not to lock the joint. 

The 120 kN capacity Ritch jacks were connected through a manifold to a handpump. The 
jacks could be operated singly or in tandem, each applying the same load. A pressure 
gauge calibrated against a load cell enabled the load per jack to be monitored to within 
an estimated .accuracy of 5%. 

Dial gauges were located on the underside of each beam and independent of test 
arrangement to measure mid-span deflections. Difficulty was encountered in trying to 
fit the yoke to the beam to eliminate measuring embeddment deformations hence its use 
was abandoned. Because hardwood was being tested it was felt deflection results, up to 



the estimated design load, would.not be unduly affected. 

No lateral  supports, other than tha t  provided by the jacks, were used when testing the 
beams. 

4. LOADING CONDXTgBNS 

In sizing the members of a domestic floor system (1) requires two separate conditions of 
loading t o  be  col~sidered: 

(a) a concentrated load of 1.8 kN 
(b) a uniformly distributed load of 1.5 t o  3.0 kPa 

The above loading case producing the most adverse stress resultants in the mernher under 
design must then be  used t o  size the beam. 

Satisfying strength requirements is a necessary'but not sufficient condition in designing a 
satisfactory floor system. A further requirement is tha t  the floor does not deflect 
excessively under s ta t ic  load conditions. This criteria, if properly invoked, prevents 
vibration of normal spanning floor systems. 

Eecause the  beams were continuous over two spans the loading conditions shown in 
Figure 1 were considered. Also shown a re  the associated shear force and bending 
moment diagrams ( L )  . 

"A- 

- - 
-' 



From Figure 2 i t  call be seen that  Load Case 1 produces the lwgest  mon~en t  and 86.5% of 
the worst shear condition of Load Case 2 a t  mid-span of the loaded bay. Therefore, a 
plated joint located ill this vicin'by would be subjected to  ihe h o s t  severe case of 
combined rnoinent and shear. It  was on this basis that  all  beams were failed with a single 
concentrated load a t  mid-span of one bay. 

4 0.2 Test h a d  

In a tes t  situ.ation several options a re  open in determining the type and magnitude of the 
load to  be a.pplied to  the structu.re. In keeping with. the reyuilrernents of (2) the 10x1 may 
be: 

(a) concentrated 
(b) uniformly distributed 

The application of uiliformly 6istributed loads is t ime consuming and in most tes t  
siiuatiolls of questionable value. This method of load application was not considered in 
the performing of these tests. 

Two other possibilities for establishing the test  load are: 

(i) on the basis of allosvable bending stress, work backwards t o  
determine a design load 

~ (ii) determining the Equivalent Test Load (3) for prototype testing 

For 3 kPrt Live Load ---- 

For joists a t  450 mm centres  and including 0.2 kPa t o  account for floor dead loa2: 

The 1,4 is a load duration, factor which normalises the load to  one of p e r m a n a t  
application. 

For strength equivalence based OE a. concentrated load a.pplied at mid-span of one La;) of 
a two s p m  continuoils system, producing the same be~idillg moment as  a uniformly 
distributed loading over the sarne s3an, gives: 

B.M. c o e f f  of  L o a d  C a s e  3 3 . 1 r, ----------- - -----.--.-----------. 
Peq = B.M. c o e f f  of  Load  C a s e  1 

- - ( 3 . 1  x ----- 0 * 0 9 h )  k~ 
0 . 2 0 3  

St~cseinf to  Allowable Bending Stress - ---- a. ---- ------ 

For this condition: 



For a beam of rectangular crass-section: 

using F14 tinlber and short d.uratioa loading: 

Fb =: 1.4 - (1.4 x 14) MPa 

Also: 

Mdes = 3.18 kN-m 

But from Load Case 1: 

Pdes 0.203.3 = 3.18 

Pdes = 5.2 kN > 1.8 kN 

Based o n a ~ ~ i c - a l e n t  Test Load (ETL) -- --- 

From (3) the ETL for prototype testing i s  given by: 

ETL = 9.9 k32a 

Conversion t o  a concentrated load at mid-span of one bay gives: 
. . \  

0 . 0 9 6  
ETL = (9.9 x 0.45 x 3  x 5 2 5 3  ) kN 

ETL = 6.3 kN > 5.2 kN 

S ~ r n x r ~ a r i z i l ~ ~  i t  can be seen: 

(a) satisfying the requirements of (1) dictates: 

P = 1.8 kN 



loading the beam unt'il i t  a t ta ins  i t s  allowable bending stress 
requires: 

using the ETL calculated from (3) gives: 

Sillce condition (c) would clearly overstress the joists a t e s t l o a d  of 5 k N  was used 
throughout the testing program. This is not unreasonable because satisfrtcCory joist 
performance will  be stiffness rather than strength related when spanning t h e e  metres, 

5. TEST%mTG PROCEDURE 

The testin procedure followed as closely as 'practicable that  described for Prototype 
Testing in ? 3).  

An initial. load of 2 k N  was applied a t  the mid-span of one bay, held for 2 iniuutes, then 
released. No deflections were measured during this loading. The joist was then allowed 
5 ~ninutes  to  recover before further loading. 

The test  load of 5 k N  was then applied a t  mid-spzn to  one span of the joist in 1 kN 
increments. Dusing loading the deflections of dial gauges 1 and 2 (see Fiz. I.) were 
monitored. The tes t  load was held for five minutes and the deflections recorded. The 
load was then released, residiial deflections were noted, and af te r  a 5 milmute recovery 
period they wcre again taken. Results a re  given in Tables 1 through 5. The joists w c r e  
then loaded to  failure in the initially loaded span and except for NLBl def1ecl;on 
readings were not monitored. N L B l  was also the only joist tes ted with the concentratecl 
tes t  load applied simultaneously a t  mid-span of both bays. 

After loading the first sp-ln to  failure a t ~ d  notilig tbc ultimate load the second span mas 
then loaded to  failure. No load/deflectiozi da ta  was recorded during these loncliags. 

Only one span of SB1 was loaded t o  f a i l ~ u  e. 

6. TEST RESULTS . . 

Results obf a.ined from testing the solid and four nail plated laolinated joists zre discusselL 
herein. 

6.1 Beams NLEI, N L B Z ~  SBP 

NLBl and NLBL were tested with the but t  joints arranged a s  shown in Figure 1, i.e., s~rch 
that they were located on tlie compression side in the loaded span. 

L,oading each bay of NLBl singly and simultaneously t o  the test  load of 5 k1.J resulted ill 

n:, visible distress of the nail plates. For single span loading the rnzximu.zn dr:flectio:n was 
23.7 m m  ahmid-span and for both spans loaded s imultaneo~sly maxirnuril mid-spa11 
deflections were 18.3 and 19.9 mrn respectively. Table 1 gives the load/defic?ction data 
for each of the previous?.y znentiorsed load cases, Loading bay  1 .to failr;ire resulted i-n 
initial creaking a t  7.5 kll', At 1.0 kI$ their was no visible signs 01 plate distress in bay 2 ,  
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shear deformations were visible in the plate nearest the ihternal Support in the 
loaded bay. Failure occurred at  a load of 10.5 kN resulting in tension failure of the 
timber under the load p i n t  as shown in Plate 2. Failure in bay 2 occurred a t  a load of 14 

ing in tension failure of the timber under the load point. 

'. . 
TENSION FAILURE IN TIMBER , 

PEATE 2 
~ ~. .-. .. ~ 

Loading each bay of NLB2 individually to  the teat'load again resulted in no visible signs 
of distress of the nail plates. For bay 1 loading the maximum mid-span deflection was 
22.09 mm. Table 2 gives the load/deflection data. Fqilure loads for the two bays were 
14.5 kN and 12 k ~ ,  respectively. Failure modes were tension failures in the timber under 

- .  

PLATE 3 

Loading bay 1 of SR1 to the test load r e ~ l t e d  in a maximum mid-span deflection gf 18.12 
mma Load deflection data is given in Table 3. 
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The faillxc load was 18 kN and the associated failure nlode was a tension failure in the 
timber under the  load point. 

6.2 Beams NU%, NU34 

NLB3 and NLB4 were tested with mid-span butt  joints loczl-ed on the tension side. 

~ ~ l l o w i u g  premature failure of I\TL133, N L 6 4  was f i t ted with a nail plate across the but t  
joint. These plates were f i t ted to the beams by manually cbiving the nails. 

Loading each bay of NLR3 i~idivlcbur~lly to  the test  load resulted in stretching the s teel  
across the joint in the a rea  of maximum normal bending stress. On release of the load, 
the steel strips that  previously stretched, buckled. For bay % loading the maximum mid-  
spar1 deflecCion was 29-78 mm. Failure load was 5 IrN for both bays. Load/deflection 
data £01- the initial load case is given in Table 4 which also sflows a considerable a ~ a o i t l ~ t  
of creep occurri~lg a f te r  5 minutes. 

Loadi~ig the f i ~ s t  bay of NLB4 t o  the tes t  resulted in no visible signs of %ail plate  
distressc However, during the  5 minute hold time col~sidesablc creep occfxred. For bay 1 
loading the maximum mid-span deflection was.~9.68 mm. Load/deflection data is given 
in Table 5. On loading the second bay t o  the tes t  load the vertical ~ l a i l  plate under the 
load faiie6. von the tension side a t  a load of approximately 5 kN. Tne ~naxjmum d(?fleciioiz 
was  3 1.5 inrn increasing t o  42.5 mxn af te r  5 minutes. Loading bay 1 to  failllre res~l l ted  in 
the nails of the tension plate pulling out of the timber. The remainder of tlre plates 
showed no.visible signs of distress. Reloading bay 1 t o  failure resulted in tearizlg of the 
tension plate  material  at a load of 4.5 kN and complete fa i lwe  a t  5 kN &ire to  fracttrre of 
the metal  strips of the vertical plate. 

Figure 3 shows a combined plot of tes t  ivdd vs mid-spdr~ defleciioll f o ~  ?GEE: arid N i 8 t > i .  
Also showl~ is the load/deflection graph for the solid joist SBL. Exccpt for the deflection 
a t  1 kN for N L B t  the three response curves a r e  reasonably linear, whilst for the sc:!id 
beam, j'c is  linear as  would he expected. 

Figure 4 shows a combined plot of tes t  load r s  mid-span deflection for bay 1 loaciing lor 
NLB3, NLI34, and SB1. For the nail plated iaminated joists the r e s p ~ n s e  is r e a s o n ~ ~ ~ l g  
linear to  4 1tN and then becomes non-linear. 
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7. ANALYSIS OF RESULTS 

Failure loads for NLB3 and NJAB4 were 5 kN in each case. Examinatiorl of Figrrre 4 sl~ows 
a limit load to exist a t  4 kN for both joists. Since this load is less t h m  that estimated to 
stress the timber to its allowable value in bendilig this ~irrarzgement of the joists would be 
unacceptable in i ts  present form. 

The failure mode for NLG3 and NLE4 was associated with Iearing of the steel strips in 
the tension zone of the nail plate positioned under the lozr4.. 

Failure Ioads for each and mid-span deflectio~ls a.t the test load of 5 kN are suxnsilarized 
in Tir'tale 6 for NLB1, N i E L ,  and SB1. 

BEAT+.4 FAJLURE L0Pi.D fhN) ~)-S?L1,i4 DEFLIZ (mm) 
ZDElJT BAY 1 BAY 2 @ T7-@,-. ~~~2 1- .LO&LD 

NLB1 10.5 14.0 
N L B i  14.5 12.0 
SB 1 18 .O Nbt 

failed 

TABLE 6 -- 
Failwe load for either bay does not result in a failure load less than t, x Test Load. Also, 
load response is generally linear to the test load. Further, joist fajlure rescii:ed in a 
tension failure of the timber under the applied load in every case. 

From Table 5 i t  is apparent the solid joist is both stronger and stiffer t l ~ m  the nzil plated 
lamiaated rne~~berc-;  Xnw c i g ~ i f i c m t  this .zpparent shortfall in s"cer:gth and stii'F~iess 
maybe is difficult to assess and will not be considered further in thi:; report. In view of 
the fact  the ,joists were spannirig 6 m continuous over three suispcrts it m:.y well, be 
expected that  stiffness and associated Cijrnamic proble111s would far outv,ieigi: any 
adversities related to strength requirements. 

To obtain a more realistic comparison of the strength and stiffness cl-~nractesistics s f  the 
joists thek-  hlOR1s czrd MOE's w e r e  evaluated lor  single ba.y loading n x d  zi:i.e given i ~ r  't';J3!e 
7. Assuming linear joist response to failure F,i;QZi. is given by the rcl.ntionship: 

. > 

where Pfail = single bay failme load in IrN 

L = single bay spanin metres 
3 

Z = section modulus = 
b d G  
-6- 

Evalu~. tion of h40E based on the test load of 5 kN is gi.i~en by: 

0 . 0 3 L  x P x L~ x 1 0  
1 L 

Mas= (----------------------- ---.-- MPa 
ED x 1 



I where: 

P = single bay test load in kl\T 

I L = single bay span in metres 

I SD = mid-span defiection in m m  a t  the test load 

I = second mornelat of area in mrn 4 

BEAM MOR EAOE 
IDENT (M$IP;IIS (MP~S 

TABLE 7 

The MOR for NLB1 was based on the lowest failure load and for NLB2 on the highest 
ultimate lead. The average of these loads is 12.5 kN resulting in an MOli of 47 MPa 
which is 0.8 of tile MOR of the solid joist. SB1 registered a moisture content of 19% and 
on drying to  the equilibrium moisture content would result in an increased MOR,  

The average MOE is given as  (3) 12,500 M P a  which is less than any MOE dete~rrlined for 
the three joists. 

I It should be noted the MORs of Table 7 are for short term loading and would Lave to  be 
reduced by a factor of somewhere between about 4 and. 7 to  account for: 

duration o f  load 
grade factor 
factor of safety 
statistical. co~rsiderations 

On the basis of the limited tests performed tlte fol lo~ir tg observa!lons are notcwnrthyt 

(i) joists with butt j0iut.a on the terlsion side in zvrles of hi611 slrvar ani! 
moment, even if strapped, aye unsatisfaci-o~y in their prescn"c01:i-m 
both from a strength and stififiess viewpoint. 

(i i) joists with butt joints on the co~npression side (NLB1 and 1'JLBZ) in 
zones of high shear and moment develop, on average, of tile ordo. 
of 80% of the s t re~lgth  and 94% of the stiffness of the solid beam. 

(iii) Failure of NL62  and N L E L  resulted from tensioa falcrre of the 
tiinbcr a t  the ~ ~ a i !  plate dilr ectly umder t h ~  load. This failme wzs iu 
all proLability influerrced b y  t h e  fac t  'L3ia'c the nails mere pressed 



into the timber along the edge subjected to  high flexure stresses. 

(iv) nail plates located a t  the quarter point were clearly permanently 
deformed (see Plate  3) a t  joist failure. 

(v) although the joists were tested in isolatioli there was no evidence 
of the occnrrence of ].atera1 torsional buckling. 

Finally the writer concludes: 

(a) If joists m e  to  be manufactured t o  the present dccign specificaiion 
their stress grade should be reduced from tha t  of the equivalent 
solid member of the same laminates. 

(b) To improve performance, if considered necessary, increzsed shear 
resistance at laminate i.rlterfaccs needs to  be developed. 

Koufever, the degree of improvement would seem to  depcnd on remorjng, or 
at least minimising, the a f fec t  the-nails of the nail plates ;~ppca: ho hc\\re oil 
propagating somewhat prematuye tension fail1we of the timber in the zone of 
high shear and moment. 

Testing the beams in isolation deprived thcm of any clla~lce of improved per fo luance  
thxougli the decking providing: 

la teral  load distribution 
tee-beam action 

These structural actions would no dou.bt be present in practice t o  some degree and could 
be  expected t o  significantiy influence joist performance. 
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