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(ii) 

SUMMARY 

This report describes the construction of, and static and dynamic tests performed 
on, a 3.6 x 3.6 m "low profile" floor system. The timber framing system compriscd 
200 x 35 rnrrl x F8 bea,rers connected planar with 200 mm deep, double plywcb 
1)oaans as joists. ?'he walking surface of the floor was sheathcd with 13 rnm tllick 
structural plywood gluelnailed to the bearers and joists. The two adjacent edge 
joists were at 360 mm centres with the internal joists at 480 mm centres. The 
underside of the floor was lined with 10 mm gyprock connected "in-situ" after the 
"plywood sheathed only" construction had been subjected to a full range of tests. 
The new construction was then subjected to the identical set of static and dynamic 
tests. A further dynamic test involving determination of the resonant frequency 
with the floor subjected to 1 /3 of the live load was also performed. 



1. INTRODUCTION 

Plywood Services supplied TWP with double plywood web joists, solid Oregon pine 
bearers (scc Plate 1) and 13 mm thick x 2400 x 1200 structural plywood sheathing 
t,o const,ruct a low profile floor system having dimensions 3.6 x 3.6 m. 

Although the Capricornia Institute 3-Dimensional Loading Frame is only 3.3 m 
wide, the 3.6 x 3.6 m floor, mounted on its own steel sub-floor frame was fitted into 
t , l ~  space hctween four col~~mns by arranging it such that a floor diagonal was 
oriented along the longitudinal axis of the Frame as shown in Plate 5. Locating the 
floor in this manner allowed the longitudinal RSJ (see Plate 5) to be positioned such 
that a jack coneer~trated load could be applied to any desired point on the floor 
surface. Also, moving the reaction beam to one side of the loading frame, allowed 
concrete blocks to be applied simulating uniformly distributed loading (udl) as 
shown i n  Plates 6 and 7. 

After testing the floor system for both static and dynamic response the underside 
was sheathed with 10 rnln thick gyprock and the system subjected to the same test 
procedure as described in Section 3. 

2. FLOOR DESCRIPTION AND CONSTRUCTION 

lZloor construction varied from the norm in that the solid Oregon pine bearer and 
the double plyweb joists were confined to the same plane. Hence, the plywood 
sheathing when glue/nailed to the floor was directly connected to the bearer, which 
does riot happen in normal bearerljoist floor construction. Such a system has 
become known as a "low profile" construction. 

2.1 Joists 

The joists consisted of 70 x 35 mm x F5 pine flanges slotted in two positions to 
accommodate 7 mm thick plywood webs, 35 mrn apart, as shown in Plate 1. The 
overall depth of the 'oist was 200 mm with one end blocked for manufacturing 
purposes (see Plate 21 and the other end left open. In construction of the floor, 
blocked and unblocked ends were alternately positioned adjacent to each other at 
the same end of the floor. 

Ynt,erconnection to the solid bearer was effected through a glue (Maxbond)/nailed 
connection. 

' 1 ' 1 1 ( ~  I,wo (vI~:(~ jois1,s oil I )o l , l l  siclcw of 4,llc floor wt\rc sp;lc.c\tl at, 36,0 rulll ccr~lrcs alltl 

( , I I o  i ~ ~ i , c > r l ~ ; s l  joist,s ;\I ,480 111111 c(\111,rcs. 

Tllc solid Oregon bearers were 200 x 35 mrn x F8, that is, they were the same depth 
as the joists. At  positions where joists framed in, the bearers and joist flanges were 
predrilled, to accommoda,te 4 - 3.15 mm diameter x 75 rrlm long nails. The reason 
[or grcdrilling was to enslire the joists were not split during nailing. Although a 
signilicarnt proportion of the shear would be transferred through the plywood i t  was 
still considered desirable to enstaro no splitting occurred during construction. 
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2.3 Bearer/SubFloor Connection 

Bearers were connected to the flange plate of each steel stump by means of a piec 
of angle bolted to the bearer end at  mid--height as shown in Plate 1. A clamp wa 
then applied to the angle and stump plate cap as shown in Plate 3. This method c 
connection is considered to be absolutely minimal and thus provides a "lowc 
bound" on floor boundary support. 

2.4 Sheathing 

The walking surface of the floor system was sheathed with 2400 x 1200 x 13 mr 
thick structural plywood. Connection between the plywood and the top faces of th 
bearers and joists was effected by glue/nailing. The glue used was Maxbon~ 
elastomeric adhesive manufactured by H.B . Fullers. The necessary clamping force 
to ensure satisfactory glue bond was provided by nailing the plywood to the timbe 
framing using 2.8 mm diameter x 40 mm long hand driven galvanised clouts. Th 
glue was allowed a week-end to cure before any load was applied to the floor. Thl 
plywood sheathing lay-up is shown in Plate 4. 

Aftcr tlie static arid dynamic serviceability testing prograin was cotnpleted tlir 
underside of the floor system was sheathed with 10 mm thick x 3G00 x 1500 rrin 
gyprock sheets. The floor system was left in the test rig and the sheathing fittcc 
simulating on-site construction techniques. The possibility of removing the floo 
from the test rig to apply the ceiling sheathing was considered, but quicl<Ij 
abandoned because of its deviation from site practice. 

The gyprock interconnection to the underside surfaces of the bearers and joists 
using proprietary adhesive, closely followed the instructions listed on the container. 

3. TEST PROCEDURE 

The test procedure discussed herein describes the positioning of dial gauges and t h ~  
load cases to which the floor system was subjected when: 

1. sheathed one side only with 13 mm thick structural 
plywood; 

2. as in ( I ) ,  but also sheathed on the underside with 10 nllli 

thick gyprock. 

3.1 Dial Gauge Locations 

Fi ure 1 shows the positions at which it was considered desirable to measure floor B de ections. However, because of a shortage of dial gauges measurements could only 
be taken at  nodes 4, 5, 6; 10, 11, 12; 16, 17, 18; 22 and 23. 

Although the number of gauges had to be reduced to less than half the desired 
number, through lack of availability, the main positions on the floor were still 
monitored for deflections. This dial gauging procedure provided sufficient data to 
establish a floor "deflect ion profile". 





3.2 Plywood Sheathed Only 

The purpose of the test procedure followed, was to as realistically as possible, assess 
thc scrviccability response characteristics of the floor system with respect to: 

(a> static loading simulating practical live load (1) conditions 
represented as: 

8 1.8 kN concentrated load applied at selected sensitive 
locations on the floor; 

o 3 kPa uniformly distributed "restricted area" loading 
applied to the centre joist; 

o 1.5 kPa uniformly distributed load over the whole 
floor. 

(b) dynamic loading applied in the form of a "mechanical 
shaker'lto determine the resonant frequency of the system. 
for the "shaker" positioned at mid-span of: 

the floor sys t ern 

o a floor joist 

3.2.1 Concentrated Lo& 

The 1.8 kN load was applied by rneans of a computer controlled jack, slung from tlze 
bottom flange of an RSJ, such that it could traverse the full length of tlie Loading 
Frame as shown in Plate 5. The RSJ could also be moved laterally across the 
Loading Frame providing access to any desired loading point on the floor surface. 

For this series of tests the loaded nodes were identified by the same numbers used to 
identify the dial gauge positions as shown in Figure 1. That is, the 1.8 kN load was 
applied at nodes: 

a 10 and 12 at mid-span of the two end bearers 
o 22 and 23 at mid-span of tlie two edge joists 
0 11 at mid-span of the floor system. 

3.2.2 Restricted Area Loading 

The restricted area loading (1) was estimated to be approximately 3 kPa applied to 
the centre joist. To simulate this loading, concrete blocks were placed at nodes 
identified 27 to 33 inclusive, shown in Figure 2. The number of blocks per node 
were: 

0 2 blocks/node at nodes 27 and 33 
o 5 blocks/node at nodes 28 and 32 
@ 6 blocks/node at nodes 29, 30 and 31. 
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Loading of the nodes was done in three stages with two blocks being applied to each 
of the seven nodes in the first stage. Dial gauge readings were then taken. At the 
second loading three further blocks were applied to each of nodes 28, 29, 30, 31 and 
32. Dial gauges were again monitored. In the final loading increment a single block 
was applied to each of nodes 29, 30 and 31. Dial gauges were read and the load left 
for five minutes. Dial gauge readings were again taken and all of the concrete 
blocks removed and residual deflections monitored. 

Plate 6 shows the configuration of concrete block simulating the restricted area live 
load. 

3.2.3 Uniformly Distributed Live Loading 

The 1.5 kPa uniformly distributed live load (1) was simulated by the application of 
concrete blocks to the 59 nodes of Figure 2. The number of blocks per node were: 

0 a single block to each edge node; 

two blocks to each of the nodes 7 through 11, 49 through 53, 
arid nodes 14 and 18, and 42 and 46; 

0 three blocks to all other internal nodes. 

Loading of the floor system was done in three stages with a single block being 
applied to each node and deflections monitored during the first stage. At the second 
loading a further block was added to each of the internal nodes and the deflection 
readings taken. During the final loading stage a third block was added to the nodes 
shown in Figure 2. Dial gauges were read and the load left for 5 minutes. Dial 
gauge readings were again taken and the load removed as quickly as possible, and 
residual floor deflections monitored. 

Plate 7 shows the distribution of the concrete blocks over the floor system 
simulating the 1.5 kPa live loading. 

3-24  Dynamic hading 

The floor system was subjected to dynamic loading by means of the "mechanical 
shaker'' sllown in Plate 8. 
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"Mechanical Shaker " l m t  d 
at mid-span d Flwr 

Plate 8 

The basic construction of the shaker involves a small, variable speed control, electric 
motor which generates a vertical cyclic force in a plane perpendicular to the surface 
of the floor being excited. The device can easily be bolted to the floor and is 
capable of exciting it up to, and through, the resonant frequency, even when the 
floor is subjected to substantial loading. 

Resonant frequency of the floor under no load conditions, was deterinined for the 
slul<er located at the following nodes defined for positioning dial gauges: 

e mid-span of the floor, i.e. node 11. The amplitude of 
vibration was also determined for node I I;  

e node 5 and amplitude for node 11; 

e quarter point of joist 10,12 and amplitude for node 11. 





3.3 Plywd/Gyprock Sheathed 

After completion of the testing program outlined in Section 3.2 the floor systern was 
sheathed on its underside with gyprock as shown in Plate 9. Fixing of the gyprock 
was done with the floor remaining positioned on its suh-floor, within the Loading 
Frame. 

Shows the Flme with 
Gyprock Ceiling Connected 

Plate 9 
'Z 

I 
I The load cases considered for this construction were the same as for the "plywood 
i sheathed only" case as well as: 
I 

Q evaluation of the remnant frequency when the floor was 
subjected to 113 of the live load taken to represent the dead 
load due to furniture, etc. 

'The purpose of the above test was to investigate the influence of damping on the 
resonant frequency. 

Appcrldices 1 and 2 respectively contain the load/deflection data obtained for the 
floor system whell: 

8 plywood sheathed only 
e plywood/gyprock sheathed. 



4.1 Plywood Sheathed Only 

Table Al .  1 gives the load/deflection data due to loading each of the identified nodes 
individually with a 1.8 kN concentrated load. After a preload, the 1.8 kN was 
applied directly and the deflections monitored. Following unloading the residual 
deflection at the loaded node was noted. 

Table A1.2 gives the load/deflection data resulting from the application of the 
"restricted area loading" to the centre joist by means of discrete concrete blocks. 
The blocks were applied to the floor in three increments indicated by the load cases 
2, 3 and 4. Deflections were monitored after each load application. A total load of 
5.34 kN (5.34/0.48 x 3.6 = 3 kPa) was held for five minutes and the deflections 
again taken. The load was removed and deflections immediately monitored. 

Table A1.3 tabulates the load/deflection results obtained during application of the 
simulated 1.5 kPa live loading. The u.d. loading simulation was again by means of 
concrete blocks applied in three increments. After each loading increment 
defle~t~ions were measured at the nodes indicated. The load was maintained for five 
minutes and the creep deflections noted. The loading was removed and the residual 
deflect ions were monitored. 

Resonant frequencies for t.he system were determined for the shaker located at: 

a nodes 5, 11 and the quarter point of joist 10,12. 

Figure 3 shows a plot of the amplitude of motion (mm) of node 11 versus system 
frequericy for the shaker positioned at node 11. For each position of the shaker the 
floor was unloaded. 

4.2 Plywd/Gyprock Sheathed 

Tables A2.1, A2.2 and A2.3 give the load/deflection data for the three loading 
conditions discussed in Section 4.1, except in this case the underside of the floor was 
sheathed with 10 mm thick gyprock. 

Figure 3 also gives a plot of the amplitude of displacement versus system frequency 
for tlie shaker located at node 11 as for the plywood sheathed only case. 

To attempt to account for the influence on floor dynamics of loads due to furniture, 
etc. approximately one-third of the 1.5 kPa u.d. loading was left on the floor when 
it was being unloaded. The shaker was placed at node 11, i.e. floor system 
mid-span, and the amplitude/frequency response plotted as shown in Figure 3. 
This was considered to be a particularly important case since any increase in mass 
without a resultant increase in system stiffness inevitably causes a reduced resonant 
frequency. 


































