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This r epor t  p resen t s  t h e  r e s u l t s  obtained from eleven racking 

t e s t s  performed on 600 x 600 mm model panels  t o  eva lua te  t h e  

s u i t a b i l i t y  o r  otherwise of var ious  pa r t i c l eboards  a s  a sheathing 

media i n  dwelling const ruct ion .  The panel frames were cons t ructed  

o f  F8  Radiata Pine members 70 x 45 mm sheathed with 4mm Fine l ine ,  

6 mm Texpan, 9 mm Texpan, 1 0  mm Pineboard, and 7 mm Radiata Pine 

plywood. A pre l iminary  t e s t i n g  programme was implemented i n  

which t h e  sheathing was a t tached t o  t h e  timber framing members 

using n a i l s  a t  75 and 38 mm cen t res .  A f i n a l  t e s t i n g  programme 

followed i n  which n a i l  c e n t r e s  were expanded t o  150 mm except 

f o r  one t e s t  using 6 mm Texpan f o r  which connection was 

e f fec ted  by g lu ing us ing Ara ld i t e .  

.. 
Karri  plywood sheathingwas not  a v a i l a b l e  a t  t h e  t ime of  - t e s t i n g .  
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SECTION 1 

GENERAL TEST DETAILS 

INTRODUCTION 

The t e s t i n g  programme desc r ibed  h e r e i n  was performed f o r  t h e  A u s t r a l i a n  

part ic leboard Research I n s t i t u t e  (APRI) on p a r t i c l e b o a r d  sheathed,  t imber  

framed model wa l l  pane l s .  t 

The pane l s  were cons t ruc t ed  a t  CIAE from 70 x 45 mm F8 Radiata  Pine 

framing ma te r i a l  suppl ied  by J . B .  Hinz 6 Sons, Rockhampton. The shea th ing  

ma te r i a l  was e i t h e r  suppl ied  through A P R I  o r  purchased l o c a l l y  and 

cons i s t ed  o f :  

4 mm F i n e l i n e  

6 mm Texpan - s tandard  

9 mm Texpan 

A l l  o f  t h e  above were suppl ied  through APRI 

10 mm Pineboard purchased l o c a l l y  

7 mm F11 Radiata  Pine p l y  purchased l o c a l l y  

3 mm F22 Karr i  Plywood y e t  t o  be suppl ied  through APRI 

The n a i l s  used f o r  a l l  t e s t s  were 2.8 mm diameter  x 40 mm ga lvanised  
. 

PURPOSE OF TESTING PROGW4E 

The purpose of t h e  t e s t i n g  programme was t o  eva lua t e  t h e  above range of  

p a r t i c l e b o a r d s  a s  p o t e n t i a l  shea th ing  m a t e r i a l s  t o  r e s i s t  racking  f o r c e s  

induced i n  t imber  framed dwell ings due t o  l a t e r a l  wind. 

The fol lowing f a c t o r s  were considered t o  b e  of  importance when perform- 

ing t h e  eva lua t ion :  

( i )  t h e  need t o  u s e  plywood shea th ing  t o  p o v i d e  a  

performance based s tandard  a s  a  means of  d i r e c t  comparison. 

P a r t i c l e b o a r d  shea th ing  developing a  model panel  s t i f f n e s s  

comparable t o  t h a t  o f  an equ iva l en t ly  t h i c k  plywood sheathed 

panel  must a t  l e a s t  be  considered a  candida te  f o r  f u l l  

s c a l e  racking  t e s t s .  This of  course  must u l t i m a t e l y  

de?end upon whether o r  no t  i n i t i a l  s t i f f n e s s  is t h e  only  

c r i t e r i a  t o  be  considered i n  a s s e s s i n g  racking  r e s i s t a n c e .  



2. 

( t i )  apply ing  t h e  Nail  Force equat ion  ~ e ~ e e " )  t o  determine 

a connector  s t i f f n e s s  t o  enable  t h e  r ack ing  r e s i s t a n c e  

o f  a  f u l l  s c a l e  wal l  t o  be  eva lua ted  i f  necessary  

( i i i )  t o  i n v e s t i g a t e  t h e  load t r a n s f e r  mechanism of  t h i n -  

shea th ing  compared t o  t h i c k  shea th ing  

LOADING R I G  

1 .3.1 General 

A l l  model pane ls  were t e s t e d  i n  t h e  s p e c i a l  loading frame loca t ed  i n  

t h e  Heavy S t r u c t u r e s  Laboratory of t h e  C i v i l  Engineering Department, 

CIAE.  F igure  1.1 shows a diagrammatic r e p r e s e n t a t i o n  o f  t h e  frame with 

a panel  pos i t i oned  ready f o r  loading .  

The loading  i n  a l l  t e s t s  was app l i ed  by means of  a  50 kN c a p a c i t y  

Enerpac hydrau l i c  jack  r e a c t i n g  a g a i n s t  t h e  loading frame. The load 

was app l i ed  by a  hand opera ted  pump and measured by a  load  c e l l  connected 

t o  a  4% d i g i t  Fluke mul t imeter .  Accuracy o f  measurements o f  a p p l i e d  

loads  i s  es t imated  t o  be  wi th in  + 5%. - 

I 1.3.2 Model Racking Tes t  Arrangement 

I 
The model pane ls  were a t t a c h e d  $0 t h e  75 x 38 mm channel  and t h e  r e i n -  

fo rc ing  rod f i t t e d  p r i o r  t o  b o l t i n g  t h e  channel t o  t h e  loading  frame a s  

shown i n  F igure  1.1. 

Dial gauges 1 and 6 were pos i t i oned  a s  shown i n  F igure  1.1 t o  measure 

t h e  h o r i z o n t a l  racking  and loading  frame d e f l e c t i o n s .  Dia l  gauge 2 

was a t t ached  t o  monitor panel  r i g i d  body movement. Hence t h e  t o t a l  

panel  d e f l e c t i o n  a t  t h e  corner  remote from t h e  load is given by: 

Even wi th  t h e  r e i n f o r c i n g  rod pos i t i oned  a  small  amount of  panel  r o t a t i o n  

was observed. However, because it was small  and occurred  i n  a l l  t e s t s  

t o  about t h e  same degree i t s  e f f e c t  on h o r i z o n t a l  d e f l e c t i o n  A was 

neglec ted  
I 
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1 . 4  MODEL PANEL CONSTRUCTION 

m e l v e  frames o f  t h e  type shown i n  Figure 1 .2(a)  were cons t ructed  

from 70 x 45 mm seasoned F8 Radiata p ine  studding.  The frames were 

purposely constructed such t h a t  without t h e  sheathing a t tached they 

were mechanisms. S t r a i n  gauges were a t tached a t  t h e  mid-lengths of  

members A,  B ,  and C t o  determine t h e  fo rces  ( ax ia l  and bending) i n  
L 

these  members when t h e  panel was subjected t o  racking.  Panels . 

sheathed with t h e  following board mate r i a l s  were s t r a i n  gauged: 

4 mm t h i c k  F ine l ine  

9 mm t h i c k  Texpan 

6 mm t h i c k  Texpan 

10 mm t h i c k  Pineboard 

Figure 1.2(b)  shows a t y p i c a l  panel complete with n a i l i n g  schedule and 

s t r a i n  and d i a l  gauge l o c a t i o n s .  The purpose of  t h e  s t r a i n  r o s e t t e  

was t o  monitor sheath ing response and hence, i n  conjunction with t h e  

s t r a i n  readings from t h e  framing members, enable system response t o  be 

determined. The funct ion  of t h e  d i a l  gauges was t o  obtain.  a q u a l i t a t i v e  

desc r ip t ion  of  t h e  buckling modes assumed by t h e  sheathing under racking.  

To e l iminate  t h e  p o s s i b i l i t y  of twis t ing  of  t h e  model panels ,  a l l  frames 

were sheathed both s i d e s  with t h e  ma te r i a l  t o  be evaluated.  

Nails used t o  connect a l l  sheathing t o  framing members were 2.8mm 

diameter x 40 mm long galvanised c l o u t s .  Using t h e s e  n a i l s  ensured a t  

l e a s t  10 x diameter pene t ra t ion  even f o r  t h e  10 mrn t h i c k  boards.  

MODEL PANEL TESTING PROGRAMME 

I The panel t e s t i n g  programme d iv ides  i t s e l f  n a t u r a l l y  i n t o  t h e  two 

following phases: 

( i )  p r e l  iminiary t e s t i n g  programme 

( i i )  f i n a l  t e s t i n g  programme 

1.5.1 Preliminary T e s t i ~ g  Programme 

Tests  performed on t h e  t h r e e  s t r a i n  gauged panels ,  4 mm Fine l ine ,  9 mm 

Texpan, and 6 mm Texpan provided t h e  oppor tuni ty  t o  evaluate  t h e  t e s t i n g  

procedure . 



These were constructed with n a i l s  a t  75 mm cen t res .  The panels  

were loaded t o  1 kN o r  2.5 kN depending upon considered response and 

all s t r a i n  and d i a l  gauge readings monitored. The load was then 

released and t h e  panel n a i l i n g  p a t t e r n  was halved t o  38 mm cen t res  and 

t h e  ~ a n e l s  reloaded, once again monitoring a l l  gauge readi-ngs. The 

load was again re leased,  d i a l  gauges 3 ,  4 and 5 removed and t h e  panels 

loaded t o  f a i l u r e .  

~ ~ f ~ r m a t i o n  obtained from these  t e s t s  i s  discussed i n  some d e t a i l  i n  

Sect ion 2 of t h i s  r e p o r t .  

1.5.2 Final  Test ing Progra~mne 

Except f o r  t h e  10 mm Pineboard panel which had n a i l s  a t  75 mm cen t res  

a l l  o t h e r  na i l ed  panels  t e s t e d  had n a i l s  located  a t  150 mm cen t res .  

This modificat ion was considered necessary a f t e r  viewing t h e  r e s u l t s  

obtained from t h e  prel iminary t e s t s .  

The r e s u l t s  of  these  t e s t s  i s  discussed i n  d e t a i l  i n  Section 3 of t h i s  

r e p o r t .  



M ~ E L  PANEL TEST RIG 

FIGURE 1.1 



F I G U R E  1 .2 (a )  



SECTION 2 

PRELIMINARY TESTING PROGRAMME 

INTRODUCTION 

The t e s t  programme o r i g i n a l l y  proposed t o  APRI was based on work done 

previously by ~ c ~ e e ' ' )  a t  C I A E  on model pane l s  o f  hardwobd framing 

sheathed with plywood. The t e s t  programme followed i n  t h i s  work 

appl ied  t h e  racking  load  below t h e  h o r i z o n t a l  menber t o  ensure  frame 

r o t a t i o n  was no t  i n h i b i t e d ,  a  procedure adopted f o r  t h e s e  p re l imina ry  

t e s t s ,  except f o r  t h e  f i n a l  t e s t  o f  t h e  s e r i e s .  

Nail spacings used i n  t h e  o r i g i n a l  C I A E  t e s t s  were 75 and 38 mm c e n t r e s  

and t h i s  n a i l  geometry was r e t a i n e d  f o r  t h e  p re l imina ry  t e s t s .  

The main d i f f e r e n c e s  between t h e  t e s t s  desc r ibed  h e r e i n  and t h o s e  

performed o r i g i n a l l y  were a s  fo l lows:  

p i n e  s tudding  was used ,  n o t  hardwood 

( i i )  frames used were 600 mm on n a i l  c e n t r e s ,  n o t  450 mm 

( i i i )  n a i l s  used were 2.8 mm d iameter  x  50 mrn l eng th  

ga lvanised  c l o u t s ,  no t  2.03 mm d iameters  x 32 

Bos t i t ch  power d r iven  n a i l s  

( i v )  s t u d s i z e s u s e d w e r e 7 0 x 4 5 m m n o t ,  7 5 x 3 8 m m  

4mm F I N E L I N E  TEST RESULTS 

Model pane l  No. 1 was pos i t i oned  i n  t h e  loading  frame a s  desc r ibed  i n  

Sec t ion  1 . 3 .  The 4 mm F i n e l i n e  shea th ing  was a t t a c h e d  t o  t h e  t imber  

I 
framing me~r~bers by n a i l s  a t  75 mm c e n t r e s .  The r ack ing  load was 

app l i ed  below t h e  h o r i z o n t a l  member A t h u s  inducing bending i n t o  t h i s  

member. This p o i n t  i s  f u r t h e r  i l l u s t r a t e d  i n  P l a t e  2.1 which a l s o  

shows t h e  p o s i t i o n  of t h e  s i x  d i a l  gauges. 

Data s h e e t  1 (Test  1) shows t h e  s t r a i n  and d i a l  gauge r ead ings  f o r  0.1 kN 

load increments up t o  1.1 kN. The load was then  r e l e a s e d  and r e s i d u a l  

va lues  of  s t r a i n  and displacement taken .  The racking  loads  R have t o  be  

modified i n i t i a l l y  by t h e  f a c t o r  545/600 = 0.91 and then  halved t o  

o b t a i n  t h e  racking  load / s ide .  Dial gauge 6 r ead ings  have n o t  bken 

included i n  t h e s e  d a t a .  



qPi5-*+ Sheet  2 (Test  2) shows t h e  racking  load and corresponding 

,bWizontal d e f l e c t i o n  of  t h e  panel .  During t h i s  loading  s t r a i n  

I 
were n o t  t aken  and d i a l  gauges 3 ,  4 and 5 were removed. 

pollowing t h i s  loading ,  t h e  model frame was checked f o r  squareness  and 

addi t iona l  n a i l s  d r i v e n  t o  reduce t h e  n a i l  spac ings  t o  38mm c e n t r e s .  

Data Sheet 3 (Test 3 )  Shows t h e  s t r a i n  and d i a l  gauge r ead ings  f o r  
L 

t h e  loading increments  t a b u l a t e d .  During t h i s  loading  i t  was proposed 

t o  t a k e  t h e  panel  t o  f a i l u r e .  However, a t  8 .1  kN t h e  hold-down b o l t  

secur ing  t h e  bottom h o r i z o n t a l  member t o  t h e  75 x 38 mm channel 

f r ac tu red  t h e  w e l d r e s t r a i n i n g  it t h u s  t e rmina t ing  t h e  t e s t .  

This panel  was l a t e r  f a i l e d  a f t e r  f u r t h e r  modi f ica t ions  had been made 

t o  t h e  t e s t  procedure.  

~t t h i s  s t a g e  t h e  loading  frame was modified by r e p l a c i n g  t h e  damaged 

holding down b o l t  by one s u f f i c i e n t l y  l a r g e  t o  wi ths tand  t h e  app l i ed  

2.2.1 Analysis  o f  Resu l t s  

Before a t tempt ing  t o  ana lyse  t h e  r e s u l t s  t h e  fo l lowing  p o i n t s  concerning 

t h e  s t r a i n  readings  should be  noted:  

( i )  i f  s t r a i n  r eac ings  a r e  equal  b u t  o f  o p p o s i t e  s i g n  

then  pure  Sending e x i s t s  

I ( i i )  i f  s t r a i n  r ead ings  a r e  equal  b u t  of  t h e  same s i g n  -- 
1 t h e n  a x i a l  forces onlv exi qt 

( i i i )  

- - - - - - - -. - 

s t r a i n  r ead ings  a r e  

- 

unequal b u t  oppos i t e  s i g n  

then  u n i a x i a l  s t r e s s e s  a r e  l e s s  t han  bending s t r e s s e s .  - 
Imp1 i e s  bending predominates.  

I ( i v )  i f  s t r a i n  r ead ings  a r e  unequal b u t  o f  t h e  same s i g n  

then  u n i a x i a l  s t r e s s e s  a r e  g r e a t e r  t han  bending 

s t r e s s e s .  Implies  a x i a l  f o r c e  predominates.  



me r e l a t i o n s h i p  between s t r e s s  and s t r a i n  f o r  l i n e a r  e l a s t i c  

.-hers subjec ted  t o  u n i a x i a l  fo rce ,  g i v e s ,  t ak ing  t h e  average va lue  

of ~ ~ d u l u s  o f  E l a s t i c i t y  f o r  R a d i a t a ' p i n e  a s  11,800 MPa, t h e  followj-ng 

force f o r  1 micro s t r a i n .  

p = aA = (0.0118 x 70 x 45) N 

P = 37.2N/1 micro s t r a i n  

Since t h e  s t r a i n  readings  i n  members A and B a r e  a l l  n e g a t i v e  then  

un iax ia l  coi~lpression e x i s t s  i n  conjunct ion  wi th  some bending. The 

s t r a i n  readings i n  member C a r e  of oppos i t e  s i g n  wi th  s i g n i f i c a n t  

d i f fe rences  i n d i c a t i n g  cons ide rab le  bending t o  be p re sen t  w i th  

un iax ia l  t ens ion .  

S t r a i n  r o s e t t e  readings  show t h e  presence  o f  a  compression f i e l d  

running i n  t h e  d i r e c t i o n  o f  gauge 9 and a  t e n s i o n  f i e l d  i n  t h e  d i r e c t i o n  

of  gauge 7 .  This  i s  o f  course  as expected,  however i f  t h e  7 and 9 

d i r e c t i o n s  coincided wi th  t h o s e  o f  t h e  p r i n c i p a l  s t r a i n  d i r e c t i o n s  

then  it would be expected t h a t  t h e  s t r a i n  r ead ings  o f  gauge 8 would 

be small  o r  zero.  The s t r a i n  r ead ings  o f  gauge 8 a r e  l a r g e  and 

negat ive  and may wel l  have been inf luenced  by t h e  ou t  of  p l ane  bending 

due t o  buckl ing o f  t h e  shea th ing .  

Readings from d i a l  gauges 3,  4 and 5 show t h e  buckled modes f o r  t h e  

75 mm and 38 mm n a i l i n g  p a t t e r n s  t o  be  a s  diagrammatical ly  i l l u s t r a t e d  

i n  Figure 2.1.  

2 .2 .2  F a i l u r e  Mode 

Loading r e s u l t i n g  i n  bending or" member C produced no apparent  d i s t r e s s  

of t h e  n a i l s  nor  o f  t h e  shea th ing  a p a r t  from t h e  buckled modes shown 

i n  Figure 2 . 1 .  During t h i s  loading  f a i l u r e  o f  t h e  t imber  frame, i n  

t h e  form of s p l i t t i n g  through t h e  b o l t  h o l e  a t  t h e  loaded end, d i d  occur .  

Frac ture  o f  t h e  weld r e s t r a i n i n g  t h e  hold down b o l t  a t  t h e  loaded end 

a l s o  occurred a t  a  load o f  approximately 8 . 1  kN. 



.. 

FIGURE 2.1 

After increas ing t h e  dimensions o f  t h e  hold down b o l t  and r e t e s t i n g  

f a i l u r e  of  t h e  sheathing followed i n  t h e  form o f  n a i l  p u l l  through 

a t  t h e  loaded end causing a bending f a i l u r e  o f  t h e  pa r t i c l eboard  a s  

shown i n  P l a t e  2 .2 .  

The a c t u a l  buckled mode f o r  t h e  38 mm n a i l  spacing Is shown i n  P l a t e  

2 . 3 .  This photograph a l s o  shows t h a t  bending s t r e s s e s  due t o  buckling 

out  o f  plane should no doubt s i g n i f i c a n t l y  inf luence  t h e  s t r a i n  r o s e t t e  



r"bq , , 
: ~,..~h 2 . 1  sholis f o r  t h e  ca se  when bending of t h e  v e r t i c a l  member c 

n a i l  spacing has  no apprec i ab le  e f f e c t  on nodel .pane1 s t i f f n e  

This implies  t h a t  once s u f f i c i e n t  connect ion has  been developed t o  

enable t h s  shea th ing  t o  assume t h e  r equ i r ed  buckl ing mode a s s o c a i t e d  

1 a c e r t a i n  load  l e v e l  a d d i t i o n a l  connect ion has  no in f luence  on 

I load response. This  does n o t  imply however, t h a t  u l t i m a t e  load 

carrying capac i ty  remains unchanged wi th  increased  connec t iv i ty .  
* 

2.3 9mm TEXPAN TEST RESULTS 

~ o d e l  panel No. 2 ,  a f t e r  a t t a c h i n g  of shea th ing  t o  t h e  t imber  frame 

using n a i l s  a t  75 nlm c e n t r e s ,  was pos i t i oned  and loaded i n  t h e  same 

manner a s  t h e  4 mni F i n e l i n e  panel .  

Data Sheet 1 (Tes t  4 )  shows t h e  s t r a i n  and d i a l  gauge r ead ings  f o r  

0.1 kN load increments  t o  1.1 kN and 0 . 5  kN load increments from 1 . 5  

t o  3.5 kN. The load  was then  r e l e a s e d  and r e s i d u a l  va lues  o f  s t r a i n  

and displacement recorded.  Racking loads  have been modified and 

halved t o  o b t a i n  t h e  r ack ing  load / s ide .  Dial  gauge 6 r ead ings  have 

not been included i n  t h e s e  d a t a .  

Data Sheet 2 (Test  5) shows t h e  racking  load and corresaonding. - - 
t a l  d e f l e c t i o n  o f  t h e  pane l .  During thj.s loading  s t r a i n  

readings were no t  taken  and d i a i  gauges 3 ,  4 and 5 were removed. 

Following t .his loading  t h e  model frame was checked f o r  squareness  and 

add i t i ona l  n a i l s  d r iven  t o  reduce t h e  n a i l  spac ings  t o  38 mm c e n t r e s .  

Data Sheet 3 (Test  6) shows t h e  s t r a i n  and d i a l  gauge readings  f o r  

t h e  loading  increments t a b u l a t e d .  The load  was then  r e l e a s e d  and 

r e s i d u a l s  noted p r i o r  t o  loading  t h e  panel  t o  f a i l u r e .  

Data Sheet  4 (Test  7) shows t h e  l o a d / d e f l e c t i o ; ~  d a t a  recorded dur ing  

loading t o  f a i l u r e .  The load a t  which f a i l u r e  occurred was observed 

t o  be approximately 11 .6  kN. 

S S .  













3.1 Analysis  o f  Resu l t s  

For t h e  75 mm n a i l  c e n t r e s  t h e  s t r a i n  readings  i n  members A and B 

a r e  b a s i c a l l y  nega t ive  i n d i c a t i n g  u n i a x i a l  compression e x i s t s  wi th  

some bending. The s t r a i n  readings  o f  member C a r e  o f  oppos i t e  

1 s ign  and approximately t h e  same magnitude i n d i c a t i n g  t h e  e x i s t e n c e  of 3. 

f pure bending. This  response  i s  d i f f e r e n t  from t h a t  o f  t h e  4 mm 

Fine1 i n e  pancl  . I 

S t r a i n  r o s e t t e  r ead ings  a r e  s i m i l a r  i n  form t o  those  observed i n  t h e  

Fine1 i n e  pane l .  

For t h e  38 mm n a i l  spac ings  t h e  s t r a i n  readings  i n  members A and B 

t a r e  o f  oppos i t e  s i g n  showing bending t o  be  p re sen t  g e n e r a l l y  wi th  
I . u n i a x i a l  compression. 

S t r a i n  r o s e t t e  r ead ings  show t h e  same t r e n d  a s  p rev ious ly .  

Dial gauges 3 ,  4 and 5 show p o s i t i v e  readings  f o r  bo th  n a i l i n g  p a t t e r n  

i n d i c a t i n g  a tendency f o r  t h e  s h e a t h i n g t o  buckle convex out  from t h e  

framing members i n  a h a l f  s i n e  wave. 

2.3.2 F a i l u r e  Mode 

Loading r e s u l t i n g  i n  bending of -membe~ C caused a f i r s t  f a i l u r e  t o  

occur  i n  t h e  t imber  frame, aga in  i n  t h e  form of  s p l i t t i n g  through t h e  

b o l t  h o l e  a t  t h e  loaded end. The second f a i l u r e  t o  occur  was a s p l i t t  

through t h e  b o l t  h o l e  v e r t i c a l l y  below t h e  loaded co rne r .  

Plate 2 .4  shows t h e  gene ra l  d i r e c t i o n  o f  t h e  n a i l  deformations.  The 

d i r e c t i o n  o f  the.  f o r c e  i n  t h e  shea th ing  i s  o f  course  oppos i t e  t o  t h e  

n a i l  f o r c e s .  Th i s  would mean t h e  f o r c e  ac ros s  t h e  diagonal  from b o t t o  

l e f t  co rne r  t o  t o p  r i g h t  co rne r  i s  compression and along t h e  oppos i t e  

d iagonal  a t e n s i o n .  This  i s  a s  p r e d i c t e d  by t h e  s t r a i n  r o s e t t e .  This  

t y p e  of a c t i o n  imp l i e s  t h a t  t h e  s e c t i o n  t o  t h e  l e f t  o f  t h e  d iagonal  

running  from t h e  bottom l e f t  t o p  r i g h t  co rne r  i s  c o n t r i b u t i n g  ve ry  l i t  

to s t r u c t u r a l  a c t i o n .  The system i s  t h e r e f o r e  working a s  a braced 

frame a s  shown i n  F igure  2 . 2 .  

ing  

t l e  



A consequence o f  t h e  f a i l u r e  a t  b o l t  h o l e  i n  t h e  bottom r i g h t  co rne r  

of t h e  frame was t o  cause premature t e a r i n g  away of  t h e  shea th ing  from 

t h e  n a i l s  i n  t h i s  a r e a .  This  mode o f  f a i l u r e  prevented t h e  shea th ing  

from developing f u l l  s t r e n g t h .  From t h i s  t e s t  it can be  concluded 

t h a t  i n  o r d e r  t o  deveiop f u l l  shea th ing  s t r e n g t h  e a r l y  f a i l u r e  o f  t h e  

t imber framing members must be prevented.  

This p o i n t  w i l l  b e  d iscussed  more f u l l y  i n  Sec t ion  3.. 

Graph 2.2 shows f o r  t h e  c a s e  o f  bending o f  t h e  v e r t i c a l  member C, 

n a i l  spac ing  does i n c r e a s e  panel s t r e n g t h ,  bu t  n o t  t o  any g r e a t  e x t e n t .  















2.4 6mm TEXPAN TEST RESULTS 

Model panel No. 3 ,  a f t e r  a t t ach ing  t h e  sheat ing t o  t h e  timber frame 

by n a i l s  a t  75 mm cen t res ,  was posi t ioned and loaded i n  t h e  same 

manner a s  two previous model panels .  

Data Sheet 1 (Test 8) shows t h e  s t r a i n  and d i a l  gauge readings f o r  
* 

0.1 kN load increments t o  1.0 kN and 0.2 kN load increments from 1.0 k 

t o  2 kN. A t  2.5 kN t h e  load was re leased and res idua l  s t r a i n s  and 

displacements recorded. Racking loads have been modified and halved 

t o  obta in  t h e  racking load/s ide .  Dial gauge 6 readings have not been 

included. 

Data Sheet 2 (Test 9) shows t h e  s t r a i n  and d i a l  gauge readings f o r  

iden t i ca l  load increments a s  f o r  Test 8. However, i n  t h i s  case  t h e  

load was applied d i r e c t l y  t o  member A i n  an e f f o r t  t o  e l iminate  some 

I 
of t h e  bending from member C.  

Data Sheet 3 (Test 10) shows t h e  racking load versus d e f l e c t i o n  r e s u l t  

fo r  a pen1 with n a i l s  a t  150 mm cen t res .  The loading f o r  t h i s  case  - - 
s again applied d i r e c t l y  through member A. 

2.4.1 Analysis o f  Results  
--. 

- - 

For t h e  75 mm n a i l  cen t res  t h e  s t r a i n  readings i n  members A and B a r e  

a l l  negative ind ica t ing  un iax ia l  compression e x i s t s  with some bending. 

S t ra in  readings i n  member C a r e  of  opposite  s ign with t h e  p o s i t i v e  

readings predominating ind ica t ing  t h e  presence of  bending with a x i a l  

tension.  S t r a i n  r o s e t t e  readings a r e  s i m i l a r  i n  form t o  those  

previously recorded. 

For t h e  38 mm n a i l  cen t res  s t r a i n s  i n  members A and B fol low t h e  same 

general p a t t e r n  a s  f o r  t h e  75 mm cen t res  case.  However, t h e r e  i s  an 

obvious increase  i n  t h e  nagnitude of t h e  a x i a l  compressive forces .  

S t ra in  readings of member C ind ica te  an appreciable  reduction i n  bendi 

as would be expected due t o  loadink along t h e  a x i s  of member A. 



ro se t t e  readins a r e  again s imi la r  t o  previous cases,  

wading the panel with n a i l s  a t  38 m centres t o  f a i l u r e ,  with t he  load 

plied alon,n the  longitudinal axis  of member A, resu l ted  i n  f i r s t  

fa i lu re  occurring a t  t he  bottom l e f t  corner of t he  panel due t o  the  

nails bending and t h e  heads pull ing through the  sheathing. Nail head 

rotation was a l so  observed a t  the  bottom r i g h t  corner where t he  bottom 

member had s p l i t  through t h e  hole, Some .sheathing d i s t r e s s  was evident 

around these n a i l s  but premature f a i l u r e  of the  bottom framing member 

5s considered t o  have caused t h i s .  The f a i l u r e  load f o r  the  frame 

was estimated at  approximately 13-6 kN, 

Figure 2.3  shows t h e  d i rec t ion  of naif movement a f t e r  f a i l u re ,  

- Loading of t h e  panel with n a i l s  at 150 mm centres  resul ted i n  first 

f a i l u r e  occurring a t  t he  hole i n  t he  ve r t i ca l  member C r e su l t i ng  i n  

pull-out of a plug of timber due t o  bearixg of the  bo l t ,  The load a t  

which t h i s  occurrea w a s  approximately 7 kN. 

Connector f a i l u r e  resu l ted  i n  t he  n a i l s  deforming i n  t h e  pa t te rn  shown 

jln Figure 2.4, 

.Graph 2 -3  s3ows that increasing the number of  n a i l s  a t taching sheathing 

timber frame marginally increases panel s t i f fnes s ,  
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SECTION 3 

FINAL TESTING PROGRAMME 

3.1 INTRODUCTION 

mr ing  t h e  prel iminary t e s t i n g  programme discussed i n  Section 2 of 
1 

t h i s  r epo r t  s eve ra l  f a c to r s  influencing t e s t  r e s u l t s  became evident.  

The most important of  these  observed f ac to r s  a r e  summarized a s  follows: 

( i )  
' 

loading such as  t o  cause bending of t h e  v e r t i c a l  

member C resu l ted  i n  frame act ion of  t h e  type 

i l l u s t r a t e d  i n  Figure 2 . 2  

( i i )  premature f a i l u r e  of  t h e  timber frame caused 

sheathing f a i l u r e s  r a t h e r  than connection 

f a i l u r e s  i n  t he  th icker  par t ic leboards  

( i i i )  having a na i l i ng  pa t te rn  using 38 mm and even 

75 nun cen t res  did not  provide c l e a r l y  defined 

information concerning connection f a i l u r e  

To minimize bending of t h e  v e r t i c a l  member C during loading a s t e e l  
' packing p i e c e  was devised which allowed t h e  load t o  be applied along 

t h e  a x i s  of member C but  did n o t  i nh ib i t  r o t a t i on  of t h e  frame. 

Elimination o f  premature frame f a i l u r e  was f a c i l i t a t e d  by introducing 

the r e in fo rc ing  rod shown i n  Figure 1.1. The function of t h e  rod 

was t o  prevent  frame f a i l u r e  a t  t he  b o l t  holes a t  t h e  top and bottom 

': corners o f  t h e  loaded end. 

Except f o r  model panel No. 8,  i n  which n a i l  spacings were 75 mm on 

centres ,  a l l  panels t e s t ed  i n  t h i s  pa r t  of t h e  programme e i t h e r  had 

na i l s  a t  150 mrn cen t res  o r  were glued, a s  was t h e  case f o r  t e s t  panel 

9mm TEXPAN TEST RESULTS 

Model panel  NO. 5, a f t e r  a t taching of sheathing t o  the timber frame 

Y n a i l s  a t  150 mm cen t res ,  was positioned i n  t h e  loading frame with 

the r e i n f o r c i n g  rod located a s  shown i n  Figure 1.1. 



Data Sheet 1 (Test 11) shows t he  racking load versus def lec t ion  r e s u l t s .  

s t r a i n  and d i a l  gauge readings were not taken during loading. 

Data Sheet 2 (Test 12) gives t h e  racking load/deflection r e s u l t s  f o r  

the  same panel a f t e r  having been squared up and renai led a t  38 mm 

centres .  Again s t r a i n  and d i a l  gauge readings were not taken. 

t 

3.2.1 Analysis of Results 

In t h e  second loading case t he  load suddenly re leased i t s e l f  f o r  some 

reason. This same phenomena occurred i n  a l a t e r  t e s t  but was a t t r i bu t ed  

t o  t h e  hydraulics of t h e  loading equiDment r a the r  than anything untoward 

associated with t he  model panel t e s t s .  

3.2.2 Fai lure  Mode 

For t h e  150 mm n a i l  centres  case the  panel was loaded u n t i l  connection 

f a i l u r e  was observed a t  12.5 kN. The f a i l u r e  mode o f  t h e  n a i l s  was 

the  same a s  t ha t  shown i n  Figure 2.4. 

After squaring t he  frame and rena i l ing  a t  38 mm cen t res  it was f e l t  

t h a t  t h e  n a i l s  a t  150 mrn centres  would o f f e r  l i t t l e  o r  nothing t o  

i n i t i a l  panel s t i f f n e s s .  In loading t he  panel t o  f a i l u r e ,  a load of . 
18.6 kN was a t t a ined  a t  which load t h e  75 x 38 mm support channel 

t o  which t h e  panel was bol ted bent a t  t h e  re inforcing b o l t .  The t e s t  

was terminated a t  t h i s  s tage and t he  channel s t ra ightened and 

s t i f f ened .  The panel was not t e s t ed  fu r the r .  

Graph 3.1 shows t h e  150 mm na i l ing  pa t te rn  t o  provide a decided 

b i l i n e a r  type of  response. I t  may be t h a t  i n  the  i n i t i a l  s tage of 

loading t he  n a i l s  respond i n  a ce r t a in  s t i f f e r  mode, e.g. double 

curvature,  and then with increased loading rever t  t o  a can t i l ever  type 

response. For t h e  38 mrn n a i l i ng  pa t te rn  t h e  i n i t i a l  high s t i f f n e s s  

would seem t o  be more l i k e l y  due t o  f r i c t i o n  ra ther  than t h e  n a i l s  

responding i n  some s t i f f e r  mode. 









.3  7mm RADIATA PINEPLY TEST RESULTS 

,del panel  No. 6, a f t e r  attachment of t h e  sheathing with n a i l s  a t  

mm c e n t r e s ,  w a s  p o s i t i o n e d  i n  t h e  loading frame a s  previously  

sscribed. 

rta Sheet  3 ( T e s t  131 shows t h e  racking load versus deElection 

,suits. S t r a i n  and d i a l - g a u g e  readings  were not taken during loading.  

,3.1 A n a l y s i s  o f  R e s u l t s  

re r e s u l t s  f o r  t h i s  t e s t  a r e  s t r a i g h t  forward. 

,3.2 F a i l u r e  Mode 

re  ane el w a s  l o a d e d  u n t i l  connection f a i l u r e  was observed a t  7 .2  k ~ .  

be f a i l u r e  mode of t h e  n a i l s  was t h e  same a s  f o r  t h e  9 mm Texpan 

reath i n g  . 

aph 3 . 2  shows a l i n e a r  load-def lec t ion  response t o  about 3.5 k~ 

!ter which it becomes non- l inea r  t o  f a i l u r e .  A t  low loads t h e  e f fec t  
! f r i c t i -on  a t  t h e  n a i l s  i s  apparent  r e s u l t i n g i n  a f a i r l y  high 
~ i t i a l  s t i f f n e s s .  --. 

-. 







3.4 4mm F I N E L I N E  T E S T  RESULTS 

Model panel No. 7 was sheathed with n a i l s  a t  150 mm cen t res  and 

pos i t ioned i n  t h e  loading frame. 

Data Sheet 4 (Test  14) shows t h e  racking load versus  d e f l e c t i o n  

r e s u l t s .  S t r a i n  and d i a l  gauge readings were not  taken during 

loading. a 

3.4.1 Analysis of  Results  

The r e s u l t s  f o r  t h i s  t e s t  a r e  again s t r a i g h t  forward. 

3.4.2 F a i l u r e  Mode 

The panel was loaded u n t i l  ma te r i a l  f a i l u r e  was observed a t  4 . 5  kN. 

The f a i l u r e  mode i n  t h i s  case  d i f f e r e d  from t h o s e  previous ly  described 

i n  t h a t  no v i s i b l e  n a i l  movement occurred. However, t e a r i n g  of  t h e  

ma te r i a l  was eyidenced i n  t h e  same general  d i r e c t i o n  a s  t h e  n a i l  

deformations o f  t h e  th icke r  boards. The impl ica t ion  h e r e  i s  t h a t  

t h e  n a i l  i s  s t r o n g e r  than t h e  sheathing mate r i a l  and, f o r  example, 

whi l s t  t h e  n a i l  appears not  t o  deform along t h e  t ens ion  diagonal say,  

t h e  ma te r i a l  t e a r s  permi t t ing  t h e  n a i l  t o  move. This type  o f  a c t i o n  . 
i s  shown diagrarflmatically i n  Figure 3.1. A s i m i l a r  s i t u a t i o n  e x i s t s  

along t h e  compression diagonal .  

The d i r e c t i o n  o f  n a i l  fo rces  must be i n  t h e  opposi te  d i r e c t i o n  t o  

t h a t  o f  ma te r i a l  t e a r i n g  and the re fo re  conform t o  t h e  same s o r t s  

of deformations a s  those  observed f o r  t h e  t h i c k e r  boards.  

Graph 3.3 shows t h e  load/def lec t ion  response t o  be  l i n e a r  t o  about 

1.5 kN a t  which s t a g e  it becomes non- l inear  t o  f a i l u r e .  A s  f o r  

t h e  previous case  t h e  e f f e c t  o f  f r i c t i o n  is  a l s o  i n  evidence a t  t h e  

lower load l e v e l s .  



FIGURE 3 . 1  







3.5 10 ]run PINEBOARD TEST RESULTS 

Model panel No. 8 was sheathed with n a i l s  a t  75 rm cen t res  and 

pos i t ioned i n  t h e  loading frame. 

Data Sheet 5 (Test 15) shows the  s t r a i n  and d i a l  gauge readings f o r  
y 

0.1 kN load increments t o  1 kN and 0 .2  kN load incremsntk from 

1 .0  kN t o  2.4 kN. The load was then re leased  and r e s i d u a l  values 

o f  s t r a i n  and displacement record .  

Data Sheet 6 (Test 161 shows t h e  racking load and corresponding 

hor izon ta l  d e f l e c t i o n  o f  t h e  panel .  During t h i s  loading s t r a i n  

readings were not  taken and d i a l  gauges 3,  4 and 5 were removed. 

Data Sheet 9 (Test 19) which sho~vs t h e  t e s t  da ta  obtained f o r  model 

panel No. 11 i s  included h e r e s i n c e i t  p e r t a i n s  t o  Pineboard. These 

I r e s u l t s  were obtained a f t e r  sheathing t h e  timber frame us ing n a i l s  a t  

I 150 mm cen t res  and racking t h e  panel .  

3.5.1 Analysis o f  Resul ts  

For model panel No. 8,  which has n a i l s  a t  75 mm c e n t r e s ,  t h e  s t r a i n  

readings i n  members A and B show these  member t o  be  subjec.ted t o  a x i a l  

compression combined with bending. Member C i s  subjec ted  mairlly t o  

bending with t h e  a x i a l  f o r c e  varying between being a low compressive 

t o  a low t e n s i l e  fo rce .  

S t r a i n  r o s e t t e  readings show t e n s i l e  fo rces  t o  e x i s t  i n  t h e  d i r e c t i o n  

o f  gauge 9 and compressive fo rces  i n  t h e  d i r e c t i o n  o f  gaEge 7. 

Dial gauges 3,  4 and 5 show negat ive  readings ind ica t ing  a tendency 

f o r  t h e  sheathing t o  buckle concave i n  towards t h e  framing members i n  

a h a l f  s i n e  wave. 

3.5.2 F a i l u r e  Mode 

For both model panels  No's. 8 and 11 connector f a i l u r e  occurred 

r e s u l t i n g  i n  t h e  n a i l s  assuming t h e  deformed p a t t e r n  shown i n  Figure 2.4. 

The respec t ive  f a i l u r e  loads were 16.5 kN and an est imated 15 kN. There 

was no evidence o f  sheathing d i s t r e s s  a t  f a i l u r e .  



Graph 3 . 4  shows t h e  i n i t i a l  s t i f f n e s s  t o  be approximately halved by 

doubling t h e  d i s t ance  between n a i l  c e n t r e s .  Both curves d i sp lay  t h e  

same tendency t o  s o f t e n  and then regain  s t i f f n e s s  f o r  some inexp l i cab le  

reason.  





I 
CS)' 
I-; 
-4 

2 

b! 
k 
t- 

' Q  
I 

,~?i l 
i".- 

-4 
q 
-% t 0" 

I\ 

" 4 

$ 
0 

+% & 

a 
2 -. 
Y 
<.J 

$. 





3.6 6mm TEXPAN TEST RESULTS 

Model panel  No. 9 was sheat.heJ wi th  n a i l s  a t  150 1x1 c e n t r e s  and 

pos i t i oned  i n  t h e  Loading frame. 

Data Sheet No. 7 (Test  17) shows t h e  r ack ing  load and corresponding 

h o r i z o n t a l  d e f l e c t i o n  o f  t h e  pane l .  During t h i s  loading  s t r a i n  

readings  were no t  taken,however t h e  readings  o f  d i a l  gauges 3 ,  4 and 
b 

5 were recorded.  

Model panel  No. iO xas sheathed us ing  A r a l d i t e  g lue  t o  a t t z c h  t h e  

shea th ing  t o  t h e  t imber  frame. The g lue  was spread over  t h e  f u l l  

width o f  t h e  menbers b u t  on ly  over  t h e  l eng th  bounded Sy t h e  two 

extreme n a i l s  f o r  a  member. 

Data. s h e e t  No. 8 (Tes t  18) shows t h e  s t r a i n  and d i a l  gauge r ead ings  

f o r  0 .1  kN load increments  t o  1 .0  kN, l.OkN load increments  t o  4 kN 

and 2 kN load increments  t o  10 kN. 

3.6.1 Analysis  o f  Resu l t s  

For pane l  no. 9 r ead ings  from d i a l  gauges 3 ,  4 and 5 i n d i c a t e  t h a t  

t h e  shea th ing  bucliles i n  a h a l f  s i n e  wave up t o  a l o a d  o f  2 . 5  kN and 

then  assumed t h e  form o f  a  f u l l  s i n e  wave. 
.. 

Model panel  No. 10 s t r a i n  r ead ings  show members A and B t o  be sub jec t ed  

a x i a l  compression combined wi th  bending. Member C i s  sub jec t ed  t o  

bending wi th  a x i a l  compression a t  t h e  h ighe r  va lues  o f  racking  load.  

This  presence o f  a x i a l  compression i s  no doubt due t o  t h e  r e s t r a i n i n g  

e f f e c t  o f f e r e d  t o  member C by t h e  r e i n f o r c i n g  b o l t .  

S t r a i n  r o s e t t e  readings  show t h e  u s u a l . t r e n d  o f  a  compression and 

t e n s i o n  f i e l d  however t h e  compression e f f e c t  seems T a i r l y  s i g n i f i c a n t .  

However, s i n c e  t h e  s t r a i n r e a d i n g s o f  gauge 8 a r e  s i g n i f i c a n t  t h e  

imp l i ca t ion  i s  t h a t  t h e  p r i n c i p a l  s t r a i n  d i r e c t i o n s  a r e  no t  i n  t h e  

d i r e c t i o n s  o f  t h e  main d i agona l s  o f  t h e  panel .  To what e x t e n t  t h e s e  

s t r a i n s  a r e  e f f e c t e d  by ou t  o f  p l ane  bending due t o  shea th ing  buckl ing 

is  a l s o  a  p o i n t  o f  con jec tu re .  



Dial gauges 3 ,  4 and 5  show t h e  buckled mode of  t h e  glued panel 

t o  be of  the  same form a s  t h a t  f o r  t h e  panel with n a i l s  a t  150 m 

cen t res .  

3 . 6 . 2  F a i l u r e  Mode 

For model panel No. 9 connection f a i l u r e  occurred result incq' in t h e  

n a i l s  assuming t h e  t y p i c a l l y  c l a s s i c a l  deformed p a t t e r n  as soc ia ted  

with t h e  t h i c k e r  sheath ings .  The f a i l u r e  load was 10.5 kN. 

For model panel No. 10 f a i l u r e  was sudden and accompanied by a loud 

"bang" a s  the  sheathing on one s i d e  of  t h e  -panel f a i l e d  i n  t ehs ion .  ~ This f a i l u r e  is shown schematical ly i n  Figure 3 . 2 .  

FIGURE 3 . 2  

The racking load a t  which f a i l u r e  occurred was i n  excess o f  20kN. 

Graph 3 . 5  shows t h e  s i g n i f i c a n t  inc rease  i n  panel s t i f f n e s s  due t o  

gluing t h e  sheathing t o  t h e  timber framing. 
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SECTION 4 

CONCLUSIONS & RECONMENDATIONS 

4 . 1  INTRODUCTION 
t 

In  making conclus ions  from observa t ions  o f  t e s t s  and t e s t  r e s u l t s ,  

on ly  d a t a  obta ined  from t h e  F ina l  Tes t ing  ~rogramme w i l l  b e  con- 

s ide red .  'I'his does n o t  imply t h a t  t h e  Pre l iminary  Tes t ing  Progranune 

was of  no benef ik  b u t  r a t h e r  t h a t  problems were i d e n t i f i e d  and 

r e c t i f i e d  i n  t h i s  phase.  

Connector s t i f f n e s s e s  f o r  t h e  va r ious  mechanical ly  fas tened  boards 

a r e  evaluated f o r  comparative purposes.  The b a s i s  f o r  comparison 

is  t h e  performance of t h e  Radiata  p i n e  plywood shea th ing  pane l .  

Conclusions a r e  l i s t e d  and b r i e f l y  d i scussed  and recomr~~endations 

r ega rd ing  t h e  p r o j e c t  p re sen ted .  

4.2 MODEL PANEL CONNECTOR STIFFNESSES 

Using t h e  Nail  Force a n a l y s i s  equat ion  and apply ing  it t o  t h e  . 
model wal l  pane l s  having t h e  n a i l i n g  p a t t e r n  shown i n  F igure  4.1:  

FIGURE 4.1 -- 



From symmetry: 

2 2 xxi = zy i2  = 4 ( 3 0 0 2  + 300' + 22s2  + 7 5  ) 

2 = 945 ,000  INTI 

From graphs 3 .1 ,  3 . 2 ,  3.3, 3 . 4  and 3 . 5 :  I 

Also: 

h = 600  mm 

. - 
N/mm f o r  a l l  above cases  . . c = ---- 1.31 

. 
Hence : 

- 450 = 344 N/m ' T P ~  - 1.31 

- = G l l  N/mm 
' T P ~  - - 1 . 3 1  



Graph 4 .1  shows a p l o t  of Racking Load versus  Deflect ion f o r  a l l  of  

t h e  sheathing mate r i a l s  except t h e  10 rrd,i Ptneboard which has an 

i n i t i a l  panel s t i f f n e s s  s l i g h t l y  l e s s  than t h e  6nm Texpan. I t  can 

be seen t h a t  a l l  model panel s t i f f r ~ e s s e s  a r e  bounded by 6mrn Texpan 

1 
1 

glued (upper) and t h e  4n1m Fine l ine  with n a i l s  a t  l50mm cen t res  ( lower) .  

1 For ease of  reference  Table 4.1 s e t s  out  r e l evan t  inform&tion 

pe r t a in ing  t o  t h e  t e s t  r e s u l t s .  From t h e  propor t ional  l i m i t  column 

it can be seen t h a t  t h e  Pineply remains l i n e a r  e l a s t i c  t o  t h e  h ighes t  

load and f o r  t h e  l a r g e s t  d e f l e c t i o n  with t h e  6mm Texpan being t h e  

next  S e s t .  goweher, it can a l s o  be seen t h a t  a l l  pa r t i c l eboard  

sheathing mate r i a l s  except t h e  4mm F ine l ine  a t t a i n  a considerably 

higher u l t ima te  load t o  connection f a i l u r e  than does t h e  plywood. 

Observations of  t e s t s  would tend t o  i n d i c a t e  t h a t  n a i l s  i n  tile plywood 

sheathed panel a l l  a t t a i n  t h e i r  maximum load carry ing capacit-y a t  

about t h e  same time r e s u l t i n g  i n  a f a i r l y  instantaneous gross  

r o t a t i o n  of  t h e  sheathing r e l a t i v e  t o  the  timber f r an ing .  However, 

with t h e  pa r t i c l eboard  sheathed panels  t h e  tendency i s  t o  have c e r t a i n  

n a i l s  becoming highly  loaded r e s u l t i n g  i n  s u f f i c i e n t l y  l a r g e  l o c a l  

deformatiuns t o  cause load t r a n s f e r  t o  t h e  next  most h ighly  loaded 

n a i l  group. This mechanism, although r e s u l t i n g  i n  t h e  same deformed 

n a i l  p a t t e r n  a s  t h e  plywood sheathing a.t f a i l u r e ,  prolotlgs t h e  a b i l i t y  

of  t h e  panel t o  s u s t a i n  load. 

Comparison o f  connector s t i f f n e s s e s  shows a l l  boards, except t h e  4mnl 

I' Finel ine ,  t o  have a g r e a t e r  connector s t i f f n e s s  than t h e  Pineply.  

Hence, f o r  a given n a i l  geometry, e t c .  a l l  o f  t h e s e  boards would 

I 

I 
provide g r e a t e r  racking r e s i s t a n c e  than t h e  Pineply on t h e  b a s i s  o f  

ca lcu la t ions .  





TABLE 4.1  

U l t .  Racking 
Load (kN) 

4.5 

10.5 

12.5 

15 

7.3 

+ 

F a i l u r e  Mode 

Mater ia l  t e a r i n g  
a t  connectors  

Nai l  r o t a t i o n  

Nail  r o t a t i o n  

Nail  r o t a t i o n  

Nail  r o t a t i o n  

Connector 
S t i f f n e s s  . 

Sheathing 
Mate r i a l  

Propor t ional  L i m i t  

t 

Load (kN) 

2.0 

3.50 

3.0 

1.2 

4.5 

F i n e l i n e  

Texpan 

Texpan 

Pineboard 

Pineply 

i 

Thick 
(11~~) 

~ e f L n . ( m )  

2.5 

3.75 

1.85 

1.10 

5.2 

Fas t ene r  
Spacing 

4 286 

6 1 150 344 

61 1 

332 
/ 

321 

9 

10 

7 

150 

150 

150 



4 .3  CONCLUSIONS FROM MODEL PANEL TESTS 

The following conclusi.ons have been reached on t h e  b a s i s  of  observ- 

a t i o n s  of  t e s t s  and a n a l y s i s  of  t e s t  r e s u l t s .  

( i )  The load response c h a r a c t e r i s t i c s  of  panel I sheathing 

depends on t h e  r e l a t i v e  s t r e n g t h  and s t i f f n e s s  of 

t h e  connector compared t o  sheathing m a t e r i a l s  in -  

p lane  t e n s i l e  and compressive s t r e n g t h .  

A consequence of  connector s t r e n g t h  exceeding t h a t  

of  t h e  sheathing mate r i a l  r e s u l t s  i n  t h e  sheathing 

t e a r i n g  behind t h e  f a s t e n e r  r a t h e r  than t h e  connector 

deforming excess ively .  

( i i )  Loading panels  such t h a t  bending i s  induced i n t o  

member C r e s u l t s  i n  h a l f  of  t h e  panel being i n -  

e f f e c t i v e  i n  load t r a n s f e r  and t h e  mechanism of load 

response o f  t h e  panel being o f  t h e  form show11 i n  

Figure 4 . 2  (a) . 

I t  could be  expected t h a t  f o r  th inner  sheathing which 

f a i l s  i n  accordance with ( i )  t h e  mechanism of  load 

t r a n s f e r  would be  of  t h e  type  shown i n  F+'igu,e 4.2 (b) 

whi l s t  f o r  t h e  case  o f  t h e  t h i c k e r  ma te r i a l s  it would 

be  of  t h e  form shown i n  Figure 4.2 (c)  . 

Figure 4.2(a)  Figure 4.2 (b) Figure 4 . 2  (c) 

LOAD TRANSFER MECI-IANI SMS -- 
FIGURE 4 - 2  



( i i i )  Even f o r  t h e  t h i c k e r  sheathing m a t e r i a l s  load 

t r a n s f e r  is  dependent upon t h e  sheathing buckling. 

For t h i c k  boards t h e  buckling mode i s  a h a l f  s i n e  

wave a t  low loads tending t o  a f u l l  s i n e  wave a t  

h igher  loads.  

A s  a r e s u l t  o f  t h i s  type  of sheathing buckling 

t h e  panel tends t o  assume t h e  unsymmetri.~ buckled 

shape shown i n  Figure 4 .3 .  

BUCKLED SHAPE 

-FIGURE 4 . 3  

( iv)  Gluing t h e  sheathing t o  t h e  timber framing members, 

i n  t h e  case  o f  t h e  th inner  boards, has t h e  fol lowing 

e f f e c t s :  

(a) s i g n i f i c a n t l y  inc reases  panel s t i f f n e s s  

(b) promotes sheathing f a i l u r e  r a t h e r  than 

connect ion f a i l u r e  

(c) f a i l u r e  is  rap id  and without warning 

(v) S t r a i n  r o s e t t e  readings must be viewed wi th  some 

caut ion ,  p a r t i c u l a r l y  f o r  t h e  t h i n n e r  boards where 

buckling out  of  p lane  must induce h igh bending 

s t r e s s e s  t h u s  preventing t h e  in-plane t ens ion  and 

compressive s t r e s s e s  from being c o r r e c t l y  evaluated.  

To e l imina te  t h i s  problem would r e q u i r e  a s t r a i n  

r o s e t t e  e i t h e r  s i d e  o f  t h e  sheat ing  mate r i a l  t o  

enable bending s t r a i n s  t o  be i s o l a t e d .  



For t h i s  reason t h e  s t r a i n  r o s e t t e  readings have 

been used q u a l i t a t i v e l y  r a t h e r  than q u a n t i t a t i v e l y .  

(v i )  The r e a l  e f f e c t  o f  increas ing t h e  number o f  f a s t e n e r s  

i s  not  p a r t i c u l a r l y  c l e a r ,  i . e .  doubling t h e  nunber 

does not  n e c e s s a r i l y  double panel s t i f f n e s s .  However, 

t h e r e  is  l i t t l e  doubt t h a t  it does incGease u l t ima te  

load carry ing capaci ty  o f  t h e  panel .  

( v i i )  For t h e  same n a i l i n g  pa.ttern t h i c k e r  boards have a 

h igher  panel s t i f f n e s s ,  a t  l e a s t  i n i t i a l l y ,  than 

t h e i r  th inner  counterpar ts .  

4 . 4  RECOMMENDATIONS 

4.4 .1  Regarding Par t ic leboard  a s  sheath ing 

From t e s t  r e s u l t s  obtained from t h e  model panels  it is  evident  t h a t  

a l l  o f  t h e  boards t e s t e d  have some racking r e s i s t a n c e .  

Also from t h e  t e s t i n g  programme it can be seen t h a t  t h e  6mm Texpan 

board o f f e r s  t h e  g r e a t e s t  p o t e n t i a l  a s  a  sheathing mate r i a l  when 

compared t o  t h e  7mm Pineply. Reasons f o r  t h i s  observation a re :  

(i) it is  of  s i m i l a r  th ickness  t o  t h e  Pineply 

( i i )  i t s  racking load /de f l ec t ion  response c h a r a c t e r i s t i c s  

a r e  s i m i l a r  t o  those  of Pineply and i t s  ca lcu la ted  

connector s t i f f n e s s  i s  s l i g h t l y  g r e a t e r  

( i i i )  i t s  u l t ima te  load carry ing capac i ty  f o r  n a i l s  a t  

lSOmm cen t res  is g r e a t e r  than t h a t  f o r  Pineply.  

4.4.2 Regarding Prdj  e c t  

I t  is  recommended t h a t  t h e  next  s t age  of  t h e  p ro jec t  i . e .  t h e  
I 

t e s t i n g  of f u l l  s i z e  wall panels  [projec t  4-01-1)3)continue us ing t h e  

6mm Texpan board a s  t h e  sheathing mate r i a l .  
I 
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