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1.0 EXECUTIVE SUMMARY

The on-grade insulated panel floor system is a combination floor/foundation system
that uses one-sided structural insulated panels (SIPs). (See figure 2-1.) These
panels normally consist of a foam insulating layer sandwiched between two layers
of OSB (Oriented Strand Board). The purpose of the floor is to maximize energy
performance while reducing cost and installation time. The flexible nature of the
material will also improve the comfort of the floor compared to a concrete slab floor.
In addition, utilizing panel and engineered wood components will increase the
recyclability of the floor.

This report describes the testing phases of the floor research. In the first phase of
testing, a floor was built to determine constructability, construction time, cost, and
performance. In the second phase, field and laboratory tests are being conducted to
determine the floor’s structural capacity. The final phase entails constructing a
second test floor that will be monitored for thermal and moisture performance.

The estimated total cost for the on-grade panel floor using 2 1/2"- 2 pcf foam panels
is $3,952 including materials. This cost represents an $895 savings over a slab-on-
grade foundation ($4,847), the least expensive floor and foundation system
currently available. An even lower cost, $3,628, can be achieved using 1 1/2”- 1 pcf
foam.

In field structural testing the floor behaved well and met or exceeded standards for
concrete slab levelness and flatness and wood floor system deflection criteria. There
was bounce apparent when jumping on the floor, but it was not noticed under
normal walking conditions.

One problem discovered was the incompatibility of the the expanded polystyrene
insulation and oil-borne solvent treated laminated veneer lumber (LVL) used for
the perimeter beams. The best alternative to prevent the deformation of the
polystyrene foam appears to be the use of Parallam for the floors. LVL could be
used on the East Coast where it is available treated with CCA ( a water-based
solvent), but only for one-story applications. However, the cost and weight
advantages of LVL over Parallam are not significant, so it would be simpler to use
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Parallam for all applications throughout the country.

In January 1997, the floor was dismantled. The dismantling took approximately
eight hours for an unskilled three-person crew. The process was extended due to
difficulty locating screws in the upper OSB layer, additional screws remaining from
the testing program, an inadequate number of power drills, and frozen ground
covering the perimeter beam assembly. It is estimated that the floor could be
dismantled in under four hours using an experienced crew and additional power
tools.

Laboratory structural testing will include creep tests and structural load tests. The
structural testing of the wall panel and floor assembly will be conducted this
summer and fall. Figure 8-2 shows the number of tests required, with the critical
set shown in the first column.

The thermal testing of the on-grade panel floor system will determine the
temperature and moisture distribution in the floor system, which will provide a
basis for verifying the thermal and moisture performance of the floor. The
insulation capacity of the floor will also be measured, which will allow comparison
with other floor systems. The second test floor is currently being constructed on
Pine Mountain (elevation 6250') in Oregon and will be tested over the winter.
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2.0 INTRODUCTION

The “on-grade insulated panel floor” is a combination floor/foundation system that
uses one-sided structural insulated panels (SIPs). Normal panel construction
consists of a foam layer sandwiched between two layers of OSB (Oriented Strand
Board). The purpose of the floor is to maximize energy performance while reducing
cost and installation time. The flexible nature of the material will also improve the
comfort of the floor compared to a concrete slab floor. In addition, utilizing panel
and engineered wood components will increase the recyclability of the floor. For a
more detailed description of the design process, refer to the previous report “On-
Grade Insulated Panel Floor System Preliminary Report.”

Design
Figure 2-1 shows the current design for the on-grade insulated panel floor system.

5/8" Duratemp siding 4 172" OSB
N A% g

" e [/ 1/16" OSB top
7 /4" EPS core e //t7/16“ OSB faced

flashing

foam qe_lulk

treated parallam ___|

R-10 EPS

protection.

board ==

2%

rain drain —/ k?\‘
2 x8 PT footer 2 x 2 PT stakes 4' /

2x 6 PT footer waste

Figure 2-1, Floor Section Showing Footer Assembly
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3.0 CONSTRUCTION

The on-grade panel floor design was modified for the test floor to simplify the
construction and testing processes. Figures 3-1 and 3-2 show the panel layout, the
upper OSB layer, and an as-built section of the floor.

Figure 3-1, Panel Layout

Figure 3-2, Upper Layer of Oriented-Strand Board (OSB)
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Figure 3-3, Floor Section as Tested

In August 1996 the on-grade insulated panel test floor was constructed on the
north-west corner of the University of Oregon's Eugene campus. One day prior to
the construction of the floor, the site was graded and the footer trench was dug 18"
wide by 12" deep around the 20' x 36' perimeter of the floor site. The floor, was then
constructed in a 10-hour workday by a full-time contracted crew of three including
a carpenter, helper, and laborer, plus a part-time gravel sling operator.

Construction Log

The first task the contractors undertook in manufacturing the test floor was to
install the gravel fill in the footer trenches. This was done with a truck used to
"sling" the gravel, or place it in its final position, by shooting it from the truck with
a controllable, high-speed conveyor belt. Once the gravel was placed it was
compacted using a hand-pushed vibrating compactor. Then 2 x 4 anchor stakes 4
feet on center, were driven in by hand to a depth of approximately 18". Figures 3-4
and 3-5 show the excavated trench and the compaction process.
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Figure 3-5, Placing and Compacting the Gravel Footer

As the trench was being filled by the slinger and compacted by one of the
construction crew, the two remaining members of the contractor team built the
footer beams from 16 and 20 foot lengths of 1 3/4" x 7 1/4" treated laminated veneer
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lumber (Microlam or LVL) and treated 2 x 6s and 2 x 8s. R-20 insulation was nailed
to the inside surfaces of the footer beams at this time.

When these tasks were completed, the footer beams were lifted and carried to their
respective positions around the perimeter of the floor, shown in Figure 3-6. Here
they were leveled and positioned by hand before they were nailed to each other and
the anchor stakes previously driven into the gravel-filled footer trench. Once
positioned and secured, the footer beams were braced by stakes driven into the
ground approximately 24" outside the footers.

Figure 3-6, Installing the LVL Perimeter Beam

With the footer beams secure, gravel was then "slung" into the space inside the
footer beams. The area was filled to half the height of the footer beams and
compacted using the same hand-pushed vibrating compactor as was used on the
footer trench. Once the entire lift of gravel was compacted, a second lift of gravel
was used to bring the gravel level up to its final height. This gravel lift was graded
using a long 2 x 4, notched at its ends to ensure the correct height of the gravel.
After the grading, the gravel fill was compacted as before. A PVC pipe can be seen
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protruding from the gravel fill in the floor in Figure 3-7. The pipe was placed to test
the constructability of plumbing and other services entering from under the floor.

T

Figure 3-7, Leveling and Co

mpacting the Gravel Fill
On top of the graded, compacted gravel the contractors laid a moisture barrier of 6
" mil polyethylene. Then the 7/16"OSB faced, R-20 insulated panels were laid on the
moisture barrier in the pattern shown in Figure 3-1. Then on top of these insulated
panels, 7/16" OSB was placed in the pattern shown in Figure 3-2 to prevent any
seams in the second layer from resting directly over a seam in the first layer. This
second layer of OSB was screwed to the OSB facing the R-20 insulation using 3/4"

#6 screws placed 1' on center in all directions. Both layers of OSB were nailed to the
footer beams using 16D galvanized nails 1' on center.
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Figure 3-9, Completed On-Grade Insulated Panel Test Floor
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Accuracy of Construction

After the floor was constructed, a visual accuracy test was performed. It was
discovered that the footer beam joint at the south-east corner of the floor had
separated approximately 1/8" at the top due to the pressure of the gravel during the
slinging and compacting process. This could be remedied by supporting the corners
of the footer beams with stakes or utilizing a more effective corner detail. It was
also discovered that the floor had a “Bounce” of approximately 1/8" around some
parts of the perimeter. One solution for this is to use a finer grade of gravel in the
top lift, making the final leveling of the surface easier and more accurate. Finally
since the perimeter insulation was installed with the perimeter beam and before
the compaction process, the compactor was run over the insulation during the edge
compaction resulting in an approximately 3/8" gap between the perimeter
insulation and the floor panel insulation. To prevent this, an increase of 3/8" in the
foam elevation should be built into the design.

3/8" compression of foam
due to compaction

Figure 3-10, Compaction of the Perimeter Insulation

Besides these three correctable details in the construction of the floor, there were
no other visible construction faults that might compromise the feasibility of its
widespread use.

Improvements

In the process of constructing the test version of the on-grade insulated panel floor
a number of possible improvements were discovered. First, it became apparent that
the footer beams should be constructed in place or very near their final resting
place in the floor. The 36' footer beams used in the test floor were fabricated
approximately 30 feet from their final position in the floor and were just barely
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movable by the four people who were present at their hauling. It was obvious that a
footer beam of any greater length would be impossible to move with the small-size
crews usually responsible for light construction.

Another improvement in the construction process would be to eliminate the need to
drive footer anchoring stakes every 4 feet in the footer trench. It would be easier to
drive footer anchors at the corners of the floor and every 8 feet-12 feet and brace the
footers with stakes driven outside the floor. Because the support stakes are
required to keep the footer standing vertically during the gravel slinging process,
there is no extra work involved with this system of bracing, yet it eliminates the
material and labor of driving unneeded stakes.

The gravel compacting process could also be improved, as mentioned earlier. Much
of the excessive bounce in the floor could have been avoided by modifying the gravel
fill in two ways. First, the gravel should be compacted in 4"-6" lifts. This would
ensure adequate compaction of the gravel. Second, a finer grade of gravel than 3/4"
minus should be used for the top 4"-6" portion of the floor. Using smaller gravel on
top would allow the crew to grade the top of the gravel to much finer tolerances
than were afforded by the use of the large gravel. This material change would help
to eliminate some of the bounce around the edges of the floor. Also as mentioned
previously, the perimeter insulation should be raised approximately 3/8" to allow
for its compression during the compaction.

Although there was no evidence that the moisture barrier of 6 mil polyethylene
between the gravel fill and the foam panels inadequate, a possible improvement
may be to increase the strength of the polyethylene layer to prevent perforations
from the gravel fill.

Finally, improving the equipment used to screw the two layers of OSB together
could have pared 1-2 hours off the time it took to complete the floor. In constructing
the test floor the hired contractors used ordinary hand drills to drive the
approximately 775 screws. Using this tool each worker could drive approximately
10 screws per minute. Using self-fed, standup screw guns, like those used by
roofers, each worker could drive 30-40 screws per minute resulting in a time
savings of 1-2 hours.
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Applying these improvements will not only make the floors construction faster and
less expensive, but also improve its quality.

Cost

The test floor was completed for $566.49 in labor. Materials were donated. With the
floor system, as with any new project, there were a number of unfamiliar tasks. To
accurately predict the time required to construct a floor, learning curve effects
should be taken into account. The Energy Studies in Buildings Laboratory assumes
a 20% reduction in the time required to complete new tasks. This percentage is
based on cost analyses conducted for the stressed skin insulating core panel
demonstration house. A more detailed description of the calculation can be found in
the report titled “Cost Analysis: Stressed Skin Insulating Core Panel
Demonstration House.” If the time required for new tasks in the construction of the
floor is reduced by 20%, it is estimated that the labor cost would be reduced to
$496.77 for the components installed on the test floor.

The estimated total cost for the on-grade panel floor using 2 1/2"- 2pcf foam panels
is then $3,952 including materials. The cost breakdown is shown in Figure 3-11 on
the following page. This cost represents an $895 savings over a slab-on-grade
foundation ($4,847). An even lower cost, $3,628, can be achieved using 1 1/2” 1pcf
foam.
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e footer materials 118 If 2 x 6 PT lumber $0.83/061-127-0110 1.06  $103.19 | | 1 ‘ 3 S b L 1 $103.19
f |footermaterials | 1181f [2x8PTlumber $1.14 061-127-0120 | 1.06  $143.09| 1 ! § N 1 fim _ $143.09
g footer materials 51b [16d stainless steel nails ‘ $5.50 060-504-0400 1.06 $29.15| { ow il l ‘ - 3 - - | _ == L 529015
h install footer 112 If  assembly and stakes _E —— 7 _*_recorded = 3.33j—¥,2‘§§ 1.06/carp, clab | $25.80 $72.86 powertool $1.40 crew information 3;3-?51- $76.81
I |stake material 521f |2x4 PT lumber $0.55 061-127-0100 |  1.06  $30.32 2] ‘ = B i ‘ . $30.32
j _ perimeter insulation IS 75sf |3"EPS _ ~ $0.39 072-116-2140 106 $30.61  recorded 0.50 77040 1.06 clab $21.65]  $9.18] ]| _ ‘ $0.00  $39.79
| lay perimeter gutter drain pipe 120/1f 4" diam. PVC ; $1.85,027-168-2000 1.06 $235.07| 0.064 027-168-2000 7.68/  1.06 clab $21.65 $176.25 ~ $0.000  $411.31
m |install fill " 676/sf 6" deep, compacted ~ $0.19/022-262-0600 | 1.06  $134.00/ recorded |  6.88 6.88] 106 fore, 3clab $24.65 $179.77 vibroplate $3.32/022-254-0050  $24.211  $337.98]
n_|install moisture barrier © 823/sf |6 mil poly . $0.03 071-922-0901 1.06 $2879|  recorded | 0.350 /028  1.06/carp | $29.95|  $8.89 s _ $0.00| $37.68

K% Darr — SITEWORK|  $1,817.80

| ad 1| WS W SN ) . - . | __ JE— e =

INSTALL FLOOR PANELS | =1 el .
o |unload panels 1 time \ [ 1.06 $0.00 recorded | 1.67§ 3 1.06[clab, eqmd | $25.80  $36.47 forklift | $24.48/016-420-2020 $34.61| $71.08
p |lay panels 720 sf panel cost below i T | [ T $0.00 _|recorded 2.66 1.06 carp, clab | $25.80/  $58.20 S o J' i $0.00 $58.20
q |floor panels o 720, sf JTcomp 5" EPS, 7/16" OSB mj | $1.65 Enercept | 1.00. $1,188.00 | d | | | i) | . $1,188.00
r panel transporation costs 1 ship assume local distribution | $300.00 Enercept | 1.00 $300.00 ‘ e i ‘ | $300.00
s |install top subfloor _ 736/sf  7/16" x 8" x 24' OSB ~ $0.45/061-164-1500 1.06  $351.85 recorded 3.75 08800  1.06 carp, clab | $25.80 * $82.04 power tool $1.40 crew information $4.45]  $438.35
v | nails or staples | 2|lb  |8d galvanized nails $0.99/060-504-0520 _E 1.06  $2.10 i iy s il o =i - { ‘ _ J. $2.10
w |screws for subfloor e 800/ea 1" long, #8 wood screws __$0.0_4+060-516-00£___L i _1.06_ " $29.85 il A | = = i —- : K [  $29.85
| i | [ ) ’ 1 INSTALL FLOOR PANELS  $2,087.57
INSTALL TIE DOWNS 1 : J{ ; 1 1 i ! | ‘ J
x install tie downs | 4/ties |6" x 24" steel auger $3.85|Bradley Enterpr | 1.00 $15.40 0.167 estimate 0.00 1.06 clab $21.65i $15.40
y 'tie down framing T 12 1f 2x6PT $0.83/061-0127-0110 | 1.00. $9.90/ 0.036 061-102-2050] ] 0.00 1.06 carp | $29.95 $9.90

! | o I 1 | )a [TIEDOWN — $25.30

[

[ || e — i i . e W 'CONSTRUCTION SUBTOTAL  $3,930.67
CARRYING COSTS o ' | \ ! 1 el B ]
z |construction loan interest | 1.3[days /9.5% on construction subtotal $1.02 per day 3 \ | [ ( 1 | $1.35

blder risk & liability, 1.96% on } ‘ |
aa|insurance expenses 1.3|time construction subtotal) $0.21 per day l ‘ J ] $0.28
bb |field expenses 1.3|days |toilet rental/day $10.00 per day * : | [ B ; ! I { $20.00
1 1 | _ | | - . . i | ‘ CARRYING COSTS $21.63
| | |
TOTALS yl I 3 s | | MATERIAL COST $3,006.21 | ' HOURS| 3177 LABOR COST| $809.88 EQUIPMENT COST, | 811459

| ] [ ' | |

) d - ; L [ — ; = i T e | I = l T TOTAL COST  $3,952.30

Figure 3-11, Comparison Cost Analysis - On-Grade Panel Floor
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SITE WORK

B trench for footing

D Imoisture control barrier

E |perimeter insulation, R-15
F /foundation perimeter drain
G fill for perimeter drain

H lay gutter drain pipe

|
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1 |formwork
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K ‘install remesh

\
POUR CONCRETE
L |deliver concrete
pour footer concrete
N pour slab concrete
O |finish concrete
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=

install anchor bolts
curing concrete

|

A lclearing?brlgt_l w/ br. saw) e
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224|sf 3" EXPS, deck lab. $1.03/072-116-1960 1.060|  $245.51 0.012/072-116-1960 2.69 1.06/carp $29.95 $85.34 $0.00/ $0.00  $330.85]
120 :lf 4" perf. PVC $1.85/027-168-2000 | 1.060 $235.07 0.0641027-168-2000 7.68 1.06/clab $21.65 $176.25 $0.00 $0.00 $411.31
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o | | AEElE =iE \ SITE WORK ~ $1,624.78
—— = == = e e e — - '
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720/sf  steel trowel finish $0.00 1.060 $0.00 0.013 033-454-0200 9.36 1.06 C9 . $27.20 $269.87 fin. machine $5.08/033-454-0200 $50.40  $320.27
22|time 1/2" x 10" anchor bolt $0.79/031-110-0050 1.060 $18.47 0.094 031-110-0050 2.07 1.06 carp $29.95 $65.65 $0.00/ $0.00 $84.12
720|sf  burlap, 4 uses, 7.5 oz $0.03/033-134-0011 1.060 $22.90 0.003 033-134-0011 2.16 1.06 2 clab $21.65 $49.57 $0.00 $72.47
! ! i e i ' POUR CONCRETE $1,927.38
| | | :
112]If 2 x 10 pressure treated $0.83/061-122-4222 1.060, $97.94 0.032|061-122-4222 3.58 1.06[F2 $26.03 $98.89 power tools $1.38/061-122-4222 $5.24 $202.08
! : | MISC $202.08
| ) ‘
| CONSTRUCTION SUBTOTAL, $4,768.12
I !
9.5% on construction | [
6.1|days subtotal $1.24 per day 1 | $7.59
blder risk & liability, 1.96% '
6.1/days on construction subtotal) $0.26 per day l | | $1.57
6.1|days toilet rental/day $10.00 per day | | ! ‘ $70.00
| | CARRYING COSTS $79.15
: ¥ : MATERIAL COST  $2,590.43 HOURS 174.85 LABOR COST $2,032.44 EQUIPMENT COST $145.25 ]
| I
[ | _
T { ] TOTAL COST  $4,847.27

Figure 3-12, Comparison Cost Analysis - Slab on Grade Floor
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4.0 STRUCTURAL ON-SITE TESTING

Test Layout

Seven tests were conducted on the floor to evaluate structural performance. Of
particular importance was the deflection of the floor under different loading
conditions. Following the test layout diagram is a description and the results of
each test. Refer to Appendix B for a complete listing of the test results. X and Y
coordinates have been assigned to each test location and measurement point, and in
order to identify all the test locations an origin was placed in the south-west corner

of the floor.

. counterweight
splice /
| o
: ¢ unterweight
I
..... T 5
I AAANANY,
002, A%
AN, dvna g
T ynamic : . i
I, ' A
HIH ALY, laminated LVL
7 G
! LA A A :
distributed Ll
1nc,r10_;_' p0s;
.............................. || inlterior p. hnn ]
TR T ~end partition
......................................... £} EE3E S FEEEEEEE Srr e _.\
4'.-0" A ! ’ exterior post
< > splice panel wall
Figure 4-1, Testing Layout
Distributed load

Deflections were minimal, so it was feasible to have a person standing on the floor
holding the measuring device without much of an impact on the deflections. Screws
were placed in the top layer of OSB, and elevation measurements were taken
through the hollow portion of the blocks after each layer was placed. Three layers of
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concrete blocks were placed in a 6’ by 6’ area, resulting in a final load of 125 1bs/ft2.
The maximum deflection was 0.40 inches in the center of the distributed load. The
average deflection was 0.07 inches. with a floor design load of 40 lb/ﬁ:z, the

maximum deflection was 0.25 inches and the average was 0.05 inches.

lqaded area

‘) i deflection
ammr (in)
! M £0t00.1
. I3
: N 0 ‘\ | H . eourdinate 0-0.1to 0
1 ' ‘V/ 7 M (£t) m-0.2 to -0.1
| \\ﬁ/é i L
\: ) | 12 N-0.8 to -0.2
IN NN\ l [ 73-0.4 to -0.8
) I
L \,«W} ] |
1 9
11 12 14 15 16 18 18
x coordinate
()

Figure 4-2, Distributed Load Deflection Results (125 1bs/fiZ)

Dynamic load

The purpose of the dynamic load test was to simulate residential equipment such as
a washing machine, which may produce unique loading conditions. The test
consisted of a vibrating compactor resting on the floor and vibrating for
approximately one hour. Two-by-fours were secured around the base of the
compactor to prevent lateral movement.

Total deflections of the floor within one foot of the compactor were measured. The
maximum deflection after the compactor had been running for one hour was 0.08
inches and the average deflection was 0.01 inches. Soil compaction tests were done
under both test areas and untested areas to identify possible results of running the
compactor. There was no measurable difference in compaction between the tested
and untested areas.
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Figure 4-3, Dynamic Load Deflection Results (after 1 hour)

Floor at Exterior Bearing Wall (SSIC panel)

A unique testing apparatus, Figure 4-4, was constructed to test the floor under a
bearing wall load. It was planned that an 8' x 8 SSIC panel wall would be tested
with loads approximating three times the real loading conditions. A loaded dump
truck was jacked up on the pulley system, Figure 4-4, providing the load on the
LVLs. The anticipated load of 2200 lbs per foot was not reached due to the
inadequate weight of the dump truck. The maximum load reached in the test was
1446 1bs per foot, at which point the truck was lifted off the ground.

At this load the maximum deflection was 0.65 inches at the location of the splice,
and the average deflection was 0.19 inches. The test was conducted with one edge
on the splice in the perimeter beam. Although this was not the optimal
configuration, it proved the inadequacy of the perimeter beam as currently
designed. Design modifications are discussed in Section 10.

There did not appear to be any rotation between the inner and outer panel.

Rotation was expected because the outer panel was resting on the perimeter beam
and the inner panel was resting only on the floor.
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Figure 4-4, Testing Apparatus

Figure 4-5, Exterior Bearing Wall Load Test
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Larger loads were planned, but it is unclear how large a load the testing device
would have supported due to the splitting of the 2 x 8 used as a header supporting
the pipe, which was used to ensure the equal distribution of the load over the top of
the wall.

Aside

The wall skins were attached to a 2 x 6 top plate with 8D duplex nails about 4 1/2"
on center with no adhesive. A 2 x 8 was supported on top of the two skins and
carried the load from the joists through a horizontal pipe to the wall. The load
caused the 2 x 8 to fail in bending between the two supporting skins; the failure
allowed the load to be transferred to the 2 x 6 top plate, which in turn attempted to
transfer the load to the skins. The nails were inadequate and the 2 x 6 was pushed
down into the foam. Clearly heavy loads can not be transferred from the 2 x 6 top
plate through its connections; some of it must be transferred directly to the skins.
Normal nail spacing is 6"; our nail spacing was 4 1/2" on center.

loaded area deflt?ction
., S— (in)
N |+ s . {Z0to0-0.1
111 2
il (R s coontinate D101 m0
q % ANAVAN 111 P
7 "7 o i ] [M-0.2 to -0.1
&\ A Z N o N-0.3t0-0.2
16 17 18 19 2 21 22 23 24 25 26 27 #3-04t0-0.3
X coordinate £3-0.5t0-0.4
M -0.6to -0.5

(fv)

Figure 4-6, Floor at Exterior Bearing Wall
Deflection Results (1446 lbs/ft)

Floor at Interior Partition

A simulated partition wall, Figure 4-7, was constructed to represent the loading
conditions of an 8-foot interior partition wall. The lower wall was easier to
construct and test but provided the same loading conditions on the floor as a full-
size wall with three studs.
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Figure 4-7, Simulated Interior Partition

The maximum deflection reached for the interior wall was 0.28 inches at a load of
3880 lbs (485 lbs per foot). The maximum occurred in two places, both of which
were the middle of a panel in the upper layer of OSB. Recall that the middle of the
upper layer of OSB corresponds to the seam in the insulated panels. The average
deflection was 0.7 inches. At the design load of 380 lbs/ft the maximum deflection
was 0.25 inches and the average was 0.05 inches.
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Figure 4-8, Floor at Interior Partition
Deflection Results (485 lbs/ft)
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Floor at Interior Post

To test the deflection of floor under a smaller interior point load, a 4 x4 post was
loaded to 3700 pounds. The maximum deflection was 0.7 inches and the average
was 0.13 inches.

loaded area
A\ 10
I 1 I
(il deflection
(in)
N § 0J-01tw0
I'g Y coordinate M-02 to- 0.1
’ fit
\' I @ §-03t0-0.2
N — u
1]
\L all) - L 4
9
3 32 33
X coordinate

(&)

Figure 4-9, Floor at Interior Post
Deflection Results (3700 1bs)

Floor at Exterior Post

The deflection and performance of the perimeter beam under a structural post were
tested using a 4 x 6 post. The post was loaded to 7700 pounds and the maximum
deflection was 0.75 inches, the average deflection 0.19 inches. At the approximate
design load, 2900 lbs, the maximum deflection was 0.18 inches and the average was
0.10 inches.

lo.'{lded area

deflection
(in)
[0-0.1to-0
0-0.2 to-0.1
N-0.3to-0.2

Y coordinatc
(&)

X coordinate

()

Figure 4-10, Floor at Exterior Post
Deflection Results (7700 1bs)
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Floor at Interior Partition (Terminating in Exterior Wall)

To recreate the effect of an interior partition resting on the perimeter beam, the
lower interior partition wall was used. The laminated LLVLs were loaded to 750
pounds per foot. The maximum deflection was 0.7 inches and the average was 0.10
inches. At the design load of 380 lbs/ft, the maximum deflection was 0.15 inches
and the average was 0.05 inches.

loaded area

\\\ N \ \v“{“ llllll [W 6 deflection

' N VA ANAVA N WA (in)
*“v-iiéii?ﬁ%?sz%.s Q001

y coordinate  [J-0.1to 0

) @-0.2 to -0.1

4
I | 5031002
27 28 29 30 3 32 33 34 35 36 2-0.4t0-03
X coordinate 5-05 to -0.4
H-06t0-0.6

Figure 4-11, Floor at Interior Partition(Terminating in Exterior Wall)
Deflection Results (750 1bs/ft)

One concern with the design was that a uniform load on a partition wall could
possibly result in the buckling or rotation of the perimeter beam. This did not occur
during the testing.

Loads and Deflections of All Tests

The following is a summary of the loads and resulting maximum deflections for six
of the conducted tests. The dynamic load test is not included due to the different
nature of the load. When comparing the total load and the deflection for the six
tests, the relationship appeared to be linear once again. After linear regression
analysis, the data points were all within 77% of a straight line. Based on this
information, it is possible that the interior of the floor could also support bearing
wall loads.
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Figure 4-12, Total Load vs. Deflection for All Tests

By graphing only the wall tests, a correlasion between load (Ibs per linear foot) and
deflection is evident. The relationship is nearly linear, especially when considering
only the panel and interior partition tests.

Apanel
xint part
o int part-end

deflection (inches)

load (Ibslinear foot)

Figure 4-13, Load vs. Deflection for Wall Tests
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5.0 FLOOR STANDARDS

Floor performance criteria are published in the “National Bureau of Standards
Technical Notes” (900: Deflection Performance Criteria for Floors, and 904:
Correlation of Floor Vibration to Human Response) dating back to 1976. This
source lists the maximum deflections recommended based on the frequency of the
floor. Since the frequency of the on-grade floor system is not known, this is not an
applicable criterion.

The Canadian Wood Council recommends a maximum deflection of span/360.
Earlier work also indicated a maximum of 1./360 for a uniformly distributed live
load of 40 psf (Building Science Series 47, 1973). If built as a joist system, a floor of
the same size as the on-grade panel test floor would have a span of 20 feet. This
corresponds to a maximum deflection of 0.67 inches.

In 1981 a conference was held to determine floor performance standards, and the
results were published in the book, Wall and Floor Systems: Design and
Performance of Light-Frame Structures. One of the main conclusions of the
conference was that more research is needed for vibration assessment of floors.

For a comparison to concrete floors, the measurement of floor levelness and flatness
used for random traffic floors (outlined in Design and Construction of Concrete
Floors,) was calculated for the on-grade insulated floor. The F-number system is a
measure of floor surface regularity; a value for both flatness and levelness can be
determined. The method involves taking elevation readings at several points on the
floor in a predetermined pattern. When the procedure was followed for determining
the F-number for the on-grade panel floor under distributed load conditions, the
result was a flatness value, FF = 24, and a levelness value, FL = 17. Since the
standards for residential, random traffic floors allow for minimum values of FF =
15 and FL = 13, the on-grade panel floor is well within these standards. Details of
the calculation procedure can be found in Appendix C.
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6.0 DISMANTLING

In January 1997, the floor was dismantled. The dismantling took approximately
eight hours for an unskilled three-person crew. The process was extended due to
difficulty locating screws in the upper OSB layer, additional screws remaining from
the testing program, an inadequate number of power drills, and frozen ground
covering the perimeter beam assembly. The entire process was recorded using video
and still cameras. It is estimated that the floor could be dismantled in under four
hours using an experienced crew and additional power tools. Some important
discoveries were made during the dismantling.

The most important finding was the chemical deformation of the perimeter foam as
well as the panel foam in isolated locations as shown in Figure 6-1.

Figure 6-1, Chemical Deformation of Insulation and Panel Foam

The pressure-treated Microlam (or laminated veneer lumber, LVL) beams used in
the footer were treated with an oil-borne solvent that dissolved the foam where it
came in contact with it. The solvent probably came into greater contact with the
foam because of the increase in water flow from rain due to the unprotected nature
of the floor. A further discussion of thisis included in Section 7: LVL Alternatives.

The floor possessed a considerable amount of bounce. This deflection is noticéable
on camera and to observers but is less noticeable to the occupant walking or
jumping on the floor. Measurements were not made of this action other than
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recording the response of the floor to a person jumping on it. It is also estimated,
but not confirmed, that the dead weight of a structure on top of the floor would
decrease the bounce in the floor. One cause of the bounce was the inaccurate
leveling of the gravel fill. Gaps were noticeable during the dismantling between the
foam panels and the poly layer covering the gravel. The largest observed gap was
approximately 1/2".

Gravel indentations were expected and found on the underside of the foam panels.
These indentations covered approximately 5% of the floor area and were evenly
spread throughout the floor. Areas where tests were conducted did not appear to
have different gravel indentation amounts or patterns. The maximum indentations
were approximately 1/4" deep, but the majority were smaller.

Since the floor was exposed to large amounts of rain, it was expected that the two
layers of OSB would swell considerably. Final measurements showed a difference of
7/8" between the high and low points on the floor. It can be concluded that the
majority of the floor swelled about the same amount.

The perimeter beam was investigated for bowing (lateral deformation). It was
observed that the south side of the floor was the only side with noticeable bowing.
This deformation corresponded to the location of the splice where testing of the
SSIC panel was conducted, 1/2" south of the SE and SW corners.
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Figure 6-2, Lateral Deformation of the Perimeter Beam

The majority of the panels also appeared to be slightly convex to the OSB layer.
Low spots in the middle of the top layer of OSB corresponded with the joints of the

panels. Figure 6-3 shows the general deformation characteristic.

Figure 6-3, Panel Deformation

The gravel fill was tested for compaction by Braun Intertec Corporasion, a local
testing agency, using a nuclear densimeter. The results showed a range in
compactions from 80.2% to 86.2%. This is low compared to similar fill conditions.
Adequate compaction was not achieved due to the large lift size and lightweight
vibrating compactor used. The compaction was relatively consistent throughout the
floor and did not vary under the dynamic loading test area. Appendix D contains a
testing layout including results.

10288/Zip97-4.db Page 31 of 73



A test pit was dug down to seven feet to explore the sub-grade material. As
expected, wood chip debris was found beneath the gravel fill. The depth of this layer

ranged from 16 inches to 3 feet. A non-native clay layer was found beneath the
wood chip debris to the seven-foot depth.
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7.0 LVL ALTERNATIVES

The deformation of the foam due to the oil-borne solvent used for the laminated
veneer lumber means that an alternative is required. However, water-borne
solvents are not used on the west coast to treat Microlam due to the unpredictable
reduction in strength of the member. One alternative would be to change the foam
from polystyrene to polyurethane since urethanes will not dissolve in an oil-based
solvent. This would require changing both the perimeter insulation and the panel
material. A simpler solution would be to use CCA treated Parallam (CCA is a
water-borne solvent.) On the east coast, LVL can be used because controlled CCA
treatment is available.

Since Parallam is more expensive per linear foot than LVL, cost is an important
factor. However, while the required size would be larger, 1 3/4" x 9 1/2" Parallam
compared to the 1 3/4" x 7 1/4" LVL, the materials cost would be less because the 2
x 6 in the footer assembly could be eliminated. The cost would therefore be
approximately $3.05 / linear foot for the Parallam compared to the current cost for
the LVL and the 2 x 6 of approximately $3.30 / linear foot ($2.30 LVL, $1.00 2 x 6).

Another concern with using Parallam is the increased weight of the footer
assembly. LVL weighs 3.7 1bs/ft and Parallam weighs 5.2 1bs/ft. This results in a 54
Ib weight increase for the longest section (36 feet), but the 2 x 6 would not be
required. The weight of the 2 x 6 can vary dramatically depending on the type of
lumber and the moisture content. A realistic range is 1.2 to 2.4 lbs/foot, which could
negate the 54 1b difference.

Glulam beams were also considered. The smallest standard size available is 2 1/2" x
9" and the weight is 5.5 lbs/ft. Glulam, however, is not available treated with CCA
or with an alternate water-borne solvent.

Currently there is controversy regarding the use of CCA-treated wood. In
Environmental Building News, March 1997, a phase-out of CCA-treated wood was
advised due to the environmental problems associated with disposal. CCA is not
seen as a large problem if the treated wood can be kept out of the waste stream. For
the on-grade insulated panel floor system, recycling of the wood is a viable option.
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However, investigation is underway to determine if newer, more environmentally
safe treatments are available for engineered wood products such as Parallam which
could be used in the floor system.
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8.0 STRUCTURAL LABORATORY TESTING

Structural testing will include both creep tests and structural load tests. It is
feasible that ESBL could conduct indoor creep tests. If the deflections are small,
however, it may be difficult to measure them with the appropriate accuracy using
equipment available in the current lab facilities. The advantages of conducting the
tests in house include minimal cost and availability of long-term monitoring.

The structural testing of the wall panel and floor assembly will be conducted at
Oregon State University in the summer, 1997. The testing sequence is outlined in
Figure 8-1. By following this testing sequence we are hoping to gain the most
information from the least number of tests. The initial tests are based on the most
important variables. Figure 8-2 shows the number of tests required with the critical
set shown in the first column. Additienal tests are strongly recommended in order
to test other possible options and to gain as much information as possible, but these
are limited due to funding. Once the testing apparatus is set up, the cost per test
goes down dramatically. This suggests doing as many tests as possible.
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PHASE 1 PHASE 2 PHASE 3 PHASE 4

6" Foam Walls

Floor Screwed - no glue

4" Foam Walls

Floor Screwed and glued
6" Foam Walls

- - - =

4" Foam Walls

Figure 8-1, Structural Laboratory Testing Sequence
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Figure 8-2, Structural Laboratory Tests to be Performed
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9.0 THERMAL AND MOISTURE TESTING

Objectives

The purpose of the thermal testing of the on-grade panel floor system is to
determine the temperature and moisture distribution in the floor system, which
will provide a basis for verifying the thermal and moisture performance of the floor.
The insulation capacity of the floor will also be measured, which will allow
comparison with other floor systems.

Introduction

The temperature distribution of the on-grade floor system in winter reflects its
thermal performance. Ideally, the temperature of the footing should remain above
freezing to prevent frost heave. The temperature distribution of the on-grade panel
floor system theoretically depends largely on the insulation capacity of the floor, the
interior temperature of the room, the exterior temperature, and the ground
temperature. Among these variables, the insulation of the floor is the most critical
to a successful design for the on-grade panel floor system, since floor designers have
less control over the others. The exterior temperature and the ground temperature
are usually determined by the building's location, and the interior temperature
varies over a limited range in winter.

Thermal testing of the on-grade panel floor system will focus primarily on the
temperature and soil moisture contents at various critical points of the floor
system. These points are usually the places most subject to damage from frost
heave, such as at the footing, footers, and corner joints. By measuring the
temperature and moisture content at these critical points, the frost heave damage
can be monitored. Type-T thermocouples and soil moisture sensors will be used.

In addition to monitoring temperature and moisture, we will evaluate the
insulation capacity of the on-grade floor system in order to compare the on-grade
floor system with similar products. The major concerns of testing, compared to
simulation, are accuracy, cost, and representativeness. Various precautions will be
taken to address the accuracy and representativeness of the test. Moreover,
multiple tests will be performed in various climate zones and soil types to improve
the representativeness. A test chamber will be used for the test, which will consist
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of a test unit (forming the top and sides of the test chamber) and the floor system to
be tested (forming the bottom of the test chamber). The insulation capacity test of
the floor system includes two separate groups of tests: one to calibrate the
insulation capacity of the test unit, the other to measure the conductive heat loss
through the floor system. Co-heating tests will be performed to measure the total
energy consumption of the test chamber. The conductive heat loss through the floor
system can be obtained by excluding the heat loss of the test unit and the
infiltration from the total energy consumption.

Temperature Testing

The temperature testing will monitor temperatures at points on the on-grade floor
panel system that would likely be susceptible to frost heave damage. The
temperature monitoring will use a data logger that will read thermocouples
installed at these critical points at one-hour intervals. Type-T thermocouple wires
will be used.

Moisture Testing

In order to monitor soil sensitvity to frost, the moisture content at the critical
points of the on-grade floor panel system will be measured as well as the
temperature. Moisture sensors could be installed together with the temperature
sensors. We are planning to use Time Domain Reflectometry sensors manufactured
by Campbell Scientific Inc.

Sensor Locations

Figure 9-1 shows the locations of the thermocouples and soil moisture sensors. The
temperature and moisture sensors are located on the lower surface of the footer as
well as between the gravel and soil under the footers. Some sensors are also located
on the lower edge of the floor panels. Only the north and east sides of the test
chamber need to be monitored, since they receive less solar insolation. Figure 9-2
gives the locations of sensors in plan view. In addition to monitoring the soil
temperature and moisture, it is necessary to measure the internal air temperature

as well as the floor surface temperature of the test chamber.
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Figure 9-1, Location of Thermocouples and Soil Moisture Sensors
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Figure 9-2, Plan Showing Sensor Locations

Measuring the Insulation Capacity of the Test Unit Floor System

The test scheme we propose for determining the insulation capacity of the floor
system is to measure the steady state heat flux through the surface of the floor. A
co-heating test of a test chamber will be performed in an approximately steady
environment by maintaining a constant internal temperature. The test chamber
consists of a test unit (forming the top and sides of the test chamber) and the floor
system to be tested (forming the bottom of the test chamber). The energy
consumption of the test chamber is monitored over a certain period of time. The
measurements from nights that have small temperature swings will be used. The
conductive heat loss through the floor system can be obtained by excluding the heat
loss of the test unit and the infiltration from the total energy consumption. Figure
9-3 illustrates this test.
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Test Unit

_Slope 5%
4'-0 ) A SR 4R i o R o i 4 SR 4R dh 4 4 I 45 SR 4 Gh 4B G 4R AR SR 4R 4R 4B b 45 N 4 40 SR 4 G 4R & YHY-i
Reinforced insulation * Temperature Sensor

On-grade Floor System Temperature Sensor i

N\ 4
0'-0 —
-4l-3_==

20' x 36'
II
Figure 9-3, Test Chamber

A blower door or a tracer gas test will be performed to determine the infiltration of
the test chamber. The insula#ion capacity of the test unit can be pretested in the
lab. The overall accuracy can be maintained if the sufficient R-value of the test unit
keeps the inaccuracy incurred by the conductive heat loss through the test unit
relatively small. For instance, 12 1/4" R-Control panels can be used, which have an
R-value of 48.31 at 40 F. The insulation at the edges of the test unit can also be
reinforced to reduce the cold bridging of panels. Similarly, the test unit can be well
sealed to reduce the infiltration and therefore minimize the error incurred by
infiltration.

An indoor co-heating test can be performed to determine the heat loss conducted
through the test unit, i.e. the top and sides of the test chamber as a whole. Figure
9-4 illustrates this test. A test bed placed underneath the test unit will serve as an
absolute insulation such that the heat flow from the bottom of the test unit can be
eliminated. (The test bed maintains the same inner temperature as the internal
temperature of the test unit to eliminate the heat flow through the bottom of the
test unit so that the heat flow through the test unit can be accurately measured.) A
tracer gas or blower door test will be performed to measure the heat loss of the test
unit with the test bed. The heat loss through the test unit can be obtained as the
difference between total heat loss and the infiltration lost.
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Slope 5% /
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Same Temperature Temperature Sensor
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0'-0

Temperature Sensor ¢4°
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Test Bed

; ran

20' x 36' l

Figure 9-4, Indoor Co-Heating Test

The following equipment will be needed to test the insulation capacity of the floor

system:

1. A Campbell Scientific CR-10 datalogger will be used to collect the data.

2. An AM416 may be needed to collect the weather data. The weather data
includes exterior dry bulb air temperature, exterior relative humidity, solar
insolation, wind speed, wind direction, and water precipitation.

3. Two Type-T thermocouples will be installed in the test unit to monitor the air
temperature inside, one near the top, the other near the bottom. This will help
to reduce the impact of the air temperature gradient.

4. Two Titan Milkhouse Heaters T771T at 1.3KW/each will be used.

5. Crydom Solid State Relays D2425 with Crydom 1 Series Heat Sinks HS-2 will
be used to control the heaters. It is possible to program a two-step heater
control to gain better constant temperature. This will require two relays.

6. One Single-Element Watthour Meter (2111202-T 2-in-1, single-element

hookup) manufactured by Integrated Metering System Inc. will be used to
measure the heater energy consumption.

10288/Zip97-4:db Page 44 of 73



Recording the Weather Data

Weather data for the test site will be collected by a weather station. The weather
parameters include at least dry bulb temperature, relative humidity, wind speed,
irradiance, and perhaps water precipitation, which is useful for monitoring the
moisture content of the soil.

Accuracy Control

The accuracy of the tests determines their validity. The following precautions are

required to improve the accuracy at every stage of the tests.

1. The insulation capacity of the test unit should be increased to reduce the
inaccuracy incurred by conductive heat loss through the test unit. The test unit
should be carefully detailed to eliminate cold bridges. The insulation at the
corners of the test unit should be reinforced.

2. The R-value of the top panel of the test bed should be high enough to reduce
the heat flow. The internal temperatures of the test bed and test unit should be
as close as possible so that the test bed can serve as an absolute insulation.

3. The infiltration of the test unit should be reduced to decrease the inaccuracy
incurred by infiltration. The test unit should be well sealed.

4. An effort should be made to approximate a steady state condition to the
maximum degree. In order to stabilize the soil temperature, the test chamber
will be preheated at a constant interior temperature for about one week before
the co-heating test starts. The co-heating test will be performed over a number
of days, and the measurements from nights that have small temperature
swings will be used. The insulation capacity of the test unit can be calibrated
indoors to improve accuracy.

5. A tracer gas test is preferable to a blower door test for determining the
infiltration rate.

6. The manufacture and assembling of the test unit should have accuracy control
in mind.

Detailing of the Test Unit and Test Bed

Figure 9-3, shown previously, is a diagram of the test unit and test bed, which are
made of foam core panels and are the same size as the initial test floor. The height
of the test unit is equal to the width of a panel to avoid joints. The joints should be
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carefully detailed to reduce cold bridging, and the insulation at the corners should
be reinforced. The detailing of the test unit should consider the possible
transportation and disassembling/ assembling.

Location for Building the Test Unit

The test chamber should cover a footprint similar to a typical residence.
Considering the size, there will be concerns as to where to build the test unit and
how to transport it to the floor site. To accurately calibrate the insulation capacity
of the test unit, the test will need to be performed in a steady state condition. One
approach would be to build the test unit and test bed indoors so that the test unit
could be calibrated without being transported. The place could be a rented
warehouse. After the test, the test unit would be disassembled and transported to
the floor site. The reassembling process should be performed carefully to ensure the
reproduction of the insulation capacii;y.

Another approach would be to build the test unit and the test bed at the floor site. A
rented tent could be set up at the floor site for calibrating the test unit. This would
eliminate the need for transportation.

Infiltration Test

The infiltration rate of the test unit needs to be determined accurately. A tracer gas
test is preferable to a blower door test. A door will be needed for access to the
interior of the test unit, which will require careful detailing in order to be able to
seal the door.
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10.0 RECOMMENDED DESIGN CHANGES AND CONCLUSIONS

Floor Performance

With regards to overall performance, the floor behaved well and meets standards
for concrete slab levelness and flatness and wood floor system deflection criteria.
The vibration criterion was not analyzed. There was significant bounce apparent
when jumping on the floor, but it was not noticed under normal walking conditions.
It is also unclear what percentage of the bounce would disappear under loaded
conditions.

Footer Assembly

It is not feasible to get composite action between the three members (LVL, 2x6, and
2x8) with mechanical fasteners; the horizontal shear between the members is much
too great. Composite action may be possible with some types of glues; not much is
known about glue for such locations.

If we limit our building to one story, the 1 3/4" x 7 1/4" LVL will be adequate in
most cases without developing full composite action provided we do not splice the
LVL, or at least donot splice it near a critical location. The critical section is
assumed to be under the end of a bearing wall next to an eight-foot window
opening. The main problem with the LVL remains the incompatibility of the treated
wood and the polyethylene insulation.

Buildings more than one story will require a 1 3/4" x 9 1/2" Parallam to be used in
the footer assembly.

Material Selection

The best alternative to prevent the deformation of the polystyrene foam appears to
be the use of Parallam for all floors. LVL could be used on the east coast where it is
available treated with CCA, but only for one-story applications. The cost and weight
advantages of Microlam are not significant, and it is simplest to use Parallam for
all applications throughout the country. Glulam is not a viable option due to the
treatment restriction.
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13.0 APPENDIX

Additional Construction Photographs
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B:

Cost Data

Additional note: Wing insulation is not required on either the slab or on-grade
panel floor in the Eugene climate so it is not included in the cost estimate. The on-
grade panel floor would be designed with wing insulation for alternate climates.

The following notes apply to the cost estimate spreadsheets included in Section 3.0;
refer to the spreadsheet for number and letter references.

8a.
8b.

Quantities are based on material takeoffs.

Material cost/unit is either the bare material cost from Means plus 10% profit
and overhead or the cost estimate from a local source.

Cost source identifies the Means reference or the local source.

Material cost index refers to the variation from the national average (Means
data) for Eugene. 1.06 is the location factor for both installation and
materials in Eugene, OR. 1.00 is used if the estimate is from a local source.

Material cost is calculated as follows:
material cost = quantity x cost/unit x material cost index

Manhours/unit is based on Means data.
Manhours/unit source lists the Means reference.

Base labor hours are calculated as follows:
base labor hours = quantity x manhours/unit

Times are based on video tape analysis.

Revised base labor hours are either calculated as in 8 if no recorded time is
listed, noted as the recorded time, or noted as the recorded time reduced by
30% (shaded). The 20% reduction occurs for new tasks expected to require
less time once the crew is familiar with them. 20% is based on the “Demo
House Cost Estimate.”

Installation cost index refers to the variation from the national average
(Means data) for Eugene. 1.06 is the location factor for both installation and
materials in Eugene, OR. An installation cost index of 1.000 was used when
the recorded time was used.

10. Labor type refers to the personnel used. The following codes apply:

clab common laborer
carp carpenter
eqmd equipment operator, medium
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11.

12.

13.

14.

15.
16.

17.

rodm rodman

fore foreman
finish cement finisher
help helper

Labor rates are based on Means data for crews or individual workers,
including overhead and profit. When more than one worker is required for a
task, the rate represents the average of the assigned workers. Rates for
individual workers used:

clab common laborer $32.15
carp carpenter $41.00
eqmd equipment operator, medium  $29.55
rodm rodman $34.65
fore foreman $33.65
cefi cement finisher $27.20
help helper $22.10

Labor cost is calculated as follows:
labor cost = base labor hours x installation cost index x labor rate

Equipment type represents the type of equipment required to do each
individual task.

Equipment rates are based on Means data. If base costs are available, they
are used first. If they are not available for the task, then weekly rental rates
plus the hourly operating cost are used. 10% profit is added to these bare
costs. Also, if the bare cost is used, it is first translated into an hourly rate
since it is listed per unit.

Equipment rate source identifies the Means reference used.

Equipment cost is calculated as follows:
equipment cost = equipment rate x base labor hours

Total cost is calculated as follows:
total cost = materials cost + labor cost + equipment cost
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SLAB COST ESTIMATE NOTES

D.

E.

4" CONCRETE

8" GRAVEL

o€

NG 12"

19" R N 5

R-10 INSULATION

24"

Clear building footprint plus a 20’ edge all around.
(36’ + 40")(20’ + 40’) = 4560 sf = 0.1 acre

equipment rate = $243/acre

hourly rate = $243/acre x 1/32 acre/hr = $7.59/hr

hourly rate + 10% profit = $8.35/hr

trench is 112’ x 12” deep x 24” wide = 224 cf = 8.3 cy

equipment rate = $1.44/cy

hourly rate = $1.44/cy x 1/.107 cy/hr = $13.46/hr

hourly rate + 10% profit = $14.80/hr

interpolate for material cost and output between 6” and 9” gravel fill
quantity based on interior area = (20-2.5)x(36-2.5) = 586 sf

Labor crew is estimated to be one foreman and three laborers, since crew B37

included five workers which seemed excessive for a 20’ by 36’ floor. Labor
rate is the average rate of all the workers.

Equipment used was a vibratory plate compactor, rate based on weekly
rental and hourly operating costs. ($100 wk/40 + $0.52/hr) + 10% = $3.32/hr.

moisture barrier quantity includes a 20” vertical leg around the perimeter,
footprint, and 10% waste

insulation was assumed to be a 2’ width around the perimeter, therefore cost
was estimated from Means 072-116-1960, while manhours/unit was found
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from Means 072-109-0700

F. assume perimeter length plus 1’ on each side to go around corner
length = (38 + 22)2 = 120’

used cost estimate and manhours/unit for non-perforated PVC as closest
available

G. quantity = 112’ x .75’ x 1.0’ =84 c¢f=3.1 cy
assume 1 laborer speading gravel by hand

H.  gutter drain for 2 long sides of house = (36’ + 4’)2’ = 80 If
I. 112’ perimeter by 24” high

equipment rate is for 3 power tools for the crew of 4
equipment rate = $0.07/sfca

hourly rate = $0.07/sfca x 1/.074 sfca/hr = $0.95/hr
hourly rate + 10% profit = $1.04/hr

d. 2 -#4 bars around perimeter = 224 If
weight = 0.668 Ib/ft x 224 ft = 150 lbs
assume 10% wastage = 150 x 1.1 = 165 lbs

K. 20’ x 36’ = total area = 720 sf + 10% wastage = 792 sq ft
welded wire mesh, assume W1.4 x W14

L. slab + footings + 10% wastage
[(20°x36’x4”) + (112’x15”x20”) ]x1.1 = 520 cf = 19.3 cy

M. footing concrete volume = 233 + 10% = 256.3 cf or 9.5 cy

equipment rate = $0.62/cy
hourly rate = $0.62/cy x 1/0.4 cy/hr = $1.55/hr
hourly rate + 10% profit = $1.71/hr

N. slab concrete volume = 240 cf + 10% = 264 cf or 9.78 cy

equipment rate = $0.68/cy
hourly rate = $0.68/cy x 1/0.436 cy/hr = $1.56/hr
hourly rate + 10% profit = $1.71/hr

0. 36’x 20’ =720sf
steel trowel finish for resilient tile

equipment rate = $0.06/sf
hourly rate = $0.06/sf x 1/0.013 sf/hr = $4.62/hr
hourly rate + 10% profit = $5.08/hr
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P. 22 anchor bolts required bases on report 1 estimates

curing concrete on entire floor area using burlap, four uses, 7.5 oz
R. install 2x6 treated subplate

equipment rate = $0.04/1f

hourly rate = $0.04/If x 1/0.032 sf/hr = $1.25/hr

hourly rate + 10% profit = $1.38/hr

S. construction loan interest is based on construction subtotal at current prime
rate + 1% (9.5%)

time is based on hours to construct / 8 hours per day / 3 workers per day plus
three days for curing

T. insurance rates are based on
M-010-040-0010/0050 average of builder’s risk =041%
M-010-040-0600 public liability =1.56%
Total =1.96%

this percentage is applied to the construction subtotal

U. onlyfield expenses are a site toilet, $10/day M016-420-6410
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ON-GRADE PANEL FLOOR COST ESTIMATES NOTES

FLASHING 7/16" OSB TOP SUBFLOOR
TREATED 7/16" OSB FACED EPS PANEL
PARALLAM
R-10 EPS ==
PROTECTION N\~ 7 I
i
E — 6 MIL POLY
BOARD k 1 v
1'

1

. \ .
[

{1} 1/4" MINUS COMPACTED GRAVEL
A

—— 2x2 PT STAKES 4' O.C.

2x8 PT FOOTER

Clear building footprint plus a 20’ edge all around.
(36’ + 40°)(20’ + 40’) = 4560 sf = 0.1 acre

equipment rate = $243/acre

hourly rate = $243/acre x 1/32 acre/hr = $7.59/hr
hourly rate + 10% profit = $8.35/hr

equipment rate = $1.44/cy

hourly rate = $1.44/cy x 1/.107 cy/hr = $13.46/hr
hourly rate + 10% profit = $14.80/hr

recorded hours used, no new task reduction

equipment used was a vibratory plate compactor, rate based on weekly rental
and hourly operating cost. ($100 wk/40 + $0.52/hr) + 10% = $3.32/hr

includes the labor and Parallam material only
other materials are listed separately in the e-g

other components of the footer assembly

installing the footer includes the labor only to install the footer and stakes;
they are not subdivided due to the lack of timed information

the stake material is assumed to be 4’ stakes, 2x4s split into 2x2s
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a total of 26 stakes were used

d. perimeter insulation as shown in the diagram on the inside of the footer
assembly, 112’ x 8" =75 sf

K. the perimeter drain used is similar to the one noted for the slab floor

120 ft allows for the perimeter plus one foot on the ends to turn the corner

&

fill installation refers to the fill directly under the floor, area = 676 sf
M. moisture barrier allows for 10% wastage, (20’ + .5°)(36’ + .5’)x1.1 =823 sf

N. unloading the panels could be done by hand to reduce the equipment cost; it
would however increase the time required

time to lay panels was derived from recorded time
floor panel cost estimates were obtained from a local panel supplier

Q. panel transportation costs were also obtained from a local panel supplier
based on the shipment cost to Eugene

R. installing top floor was estimated to be similar to installing waferboard with
a pneumatic nailer

S-T. fastners

U. tiedowns are required to prevent uplift, the time is estimated based on local
information and the assumption that one person would require 10 minutes to
install one anchor

V. tiedown framing consists of a PT 2x6 nailed diagonally across the corner to
the footer assembly

W.  construction loan interest is based on construction subtotal at current prime
rate + 1% (9.5%)

time is based on hours to construct / 8 hours per day / 3 workers per day plus
three days for curing

X. insurance rates are based on
M-010-040-0010/0050 average of builder’s risk =0.41 %
M-010-040-0600 public liability =155%
Total = 1.96%

this percentage is applied to the construction subtotal
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Y. only field expenses are a site toilet, $10/day M016-420-6410
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C: Structural On-Site Testing

Testing Photographs
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Test Results

ON-GRADE INSUCATED PANEL FLOOR SYSTEM
TSYT UAIE 11725796
START TIME: 9:00|
INTERIOR PARTITION ENDTIME: 10:00.
WEATHER: sun/sprinkles
oY
o signification deflections rudngs in 40th of an inch
* deflectons converted fo nchas ( - means down)
xrx _ — TS T
ol beam 920 1608 2420 | 3880 | 3670 comments
] X y { | r0d® | &se rod A rod ] A rod A rod | A | rod | A
11 <9.0 6.01 8.7 B B1-0.02 8.7 v.001 0.031 8.8 0.0X 8.9 0.051 8.91 0.05
i 2] 29.0 7.0] 8. 0{ 8.9]-0. 02' 8.8) -0.05 B -0.05 I 8.8)-0. 05' 8. 7' -0.08| 8.7 -0.08] ]
] 3] 28.0 6.0} 7.9 8.0] 0.02 80 0.02 .9 0.00 7.8 0 0 7.9 0.00] 7.9] 0.00] ]
1 41 28,0 7.0 8.0 2' 0.05 g*-o 02 79‘ .02 7 0.05) 7.7] -0.08} 7.7] -0.08] }
1 51260 6.0} 80* 7.8]-0.05] 7.5/ -0.13 7.5/-0.13 73-0 18] 751 -0. 13177751 -0.731l 1
1 61 260 7.0F 8.00 7.8|-0.05] 7.8 -0.051 7.6/-0.101 7.0i-0.25] 6.9] -0.28] 6.9| -0.281 I
1 71 240 6.0]1 8.3 8.0]-0.08] 7.5-0.20] 7.8/-0.13} 7.8/-0.13] 7.6] -0.181 7.6| -0.181l I
1 gl 240 7.0] 84 8.11-0.08 7.5 -0.23] 7.8-0.15{ 7.6/-0.20}f 7.6l -0.201 7.6 -0.201 1
] 9F 220 6.01 8.1 8.0(-0.021 7.6/-0.13] 7.6/-0.13} 7.8/-0.08] 7.6] -0.13] 7.6 -0.131 1
1 10} 220 7.0f 8.1 7.9|-0.05 7.5/-0.5{ 7.7|-0.10f 7.6/-0.13] 7.6 -0.13| 7.6| -0.13] I
1 11F 20.0 6.0f 7.0 7.4] 0.101 7.4] 0.10f 7.3 0.08/ 7.5 0.1% 7.4] 0.10] 7.4} 0.101 I
i 12f 200 7.01 6.8 7.3} 0.10] 7.0] 0.02] 7.0 0.02f 7.1} 0.0% 6.9] 0.00f 6.9} 0.00] i
1 13} 19.0 6.0] 7.3 7.2{-0.02] 7.1]-0.05] 7.1/-0.05] 7.1/-0.05 7.0] -0.08] 7.0{ -0.08] 1
1 141 19.0 7.0l 6.9 6.7]-0.05 6.8/ -0.03] 6.9] 0.00]_ 8.§| -0.03] 6.9] 0.00] 6.9] 0.00) 1
1 151 19.0 8.0l 6.9l 6.71-0.05 6.9 0.00f 7.0l 0.02] 6.8 o0.0d 6.9] 0.00] 6.97 0.00] 1
1 16] 19.0 9.0l 6.71 67| 0.00/ 6.6]-0.03] 6.71 0.00/  6.6]-0.03) 6.7] 0.00] 6.7} 0.00] 1
1 171 20.0 8.0] 7.0f 7.3] 0.08f 7.1 0.02] 7.1 0.02 7.1 0.0 7.0] 0.00] 7.0} 0.00f 1
I 1 8| 200 9.0 6.9 7 0.08 7.0 . 7.1] _0.05] 7.0 002 6.8/ -0.03|] 6.8{ -0.03] 1
19f 220 8.0 8.2 -8 7.9 7.9|-0.07 8.0{-0.05] 78] -0.10] 7.8 -0.10| 1
1 20l 22.0 9.0F &.1] s.1] 0. 8.1] o. 8.1] 0.00] 7.8/-0.08] 7.9] -0.05] 7.9 ~-0.05] 1
1 21F 24.0 8.0l 7.0 7.81-0.031 7.5 -0.10 7.5-0.10f 7.4-0.131 7.2|] -0.18] 7.2} -0.18] [}
1 221 240 9.0l 7.3 7.4] 0.031 7.21-0.021 7.3 0.00i 7.3 0.00 7.2] -0.02] 7.2] -0.02] 1
1 231 26.0 8.0l 7.81 7.6/-0.051 7.21-0.15] 6.9]-0.23] 6.9-0.23| 6.7|] -0.28] 6.7{ -0.28] ]
i 24f 26.0 9.0l 8.0l 7.8i.0.05! 7.8 -0.05/ 7.8-0.0s{ 7.8-0.05 7.6/ -0.10] 7.6} -0.10}] 1
8.4 6.4 8.2] -0. 8.1 . 8.0/ -0.10 8.0] -0.10] 6.0 -0.10] |
26l 28.0 9.0 8.5 8.8 . 8.8l . 8.7 . 8. 0.0 8.6 0.02 8.6 0.02] 1
1 271 290.0 8.0] 9.0 9.0] 0.00] 8.9/-0.02] 9.0/ 0.00} 9.1 0.0% 9.0 0 X 700 1
| 1 1 911 002! 9.0l 0.00{ 9©.0{ 0.0 9.0 0.00] 9.0 0.00
load 0.00 28.75 56.41 91.25 121.25 114.69 [pe / linear foot
maximum deflecton -0.10 -0.23 -0.23 -0.25 -0.28 -0.28 [pches
TR average deflection -0.01 -0.04 -0.04 -0.05 -0.07 -0.07 [nches
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ON-GRADE INSULATED PANEL FLOOR SYSTEM
JEST — UATE 1271717908
START TIME: 4:30
EXTERIOR POST (4BY 6) END TIME: 5:10
WEATHER: raining
COMMENTS
after intial loading post was not vertical, load cell repasitioned over per. beam
* readings in 40th of an inch
** deflections converted to inches ( - means down)
DATA - loads (lbs) .
0. 4000 I 409_Q ‘ gooo 7700 ‘ __.]_c_cm\_r@rﬂ_—|
X Y. | .Ln.dd. A= [ rod A rod ] rod T a | i
32.8 70 6.5 -0.13 6.8 -0.05 6.7 -0.08 6.3 -0.18 6.9-0.02] |
I—-FI 0 —60--000_60. 000 6.0_000_ 598 -0.02 8.0 0.00| l
32.3 BN/A N/A N/A N/A  N/A N/A  N/A N/A  N/A N/A NA | j
I-—A-I—-ae-s—v—e —5.8 =006 _56 _-013 66 -013 52 -0.20 §5.8-0.05] |
5 5 31.8 0.0 6.5 6.1 -0.10 6.1 -0.10 58 -0.18 6.6 -0.23 6.3 -0.0SI j
l—G—l—:H—G——e—& —55_-018 .56 -018 53 -023 _5.0_-030 §5.9-0.08]
7' 31.8 1.0! 6.3 6.1 -0.05 58 -0.13 55 -0.20 5.1 -0.30 5.9 -0.10[
I 8 | 31.3 O.OI 6.8 58 -0.25 6.2 -0.15 6.2 -0.15 6.0 -0.20 6.3-0.13]
9313 06 —68--82. -010__81 _-013 6.0 _ -015 58 -0.20 6.1 -0.137 1
21 13 10: 64 62 _-005_61_-0.08 6.0 -0.10 59 -0.13 6.1-0.08
RESULTS
load 166.67 166.67 250.00 320.83 0.00 psi
maximum deflection -0.25 -0.18 -0.23 -0.30 -0.13 inches
] jion _-0.10 -0.10 -0.13 -0.19 -0.07 inches
DIAGRAM :
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ON-GRADE INSULATED PANEL FLOOR SYSTEM
EST DRIE: T2/11700]
START TIME: 2:30
INTERIQR POST ENOTIME: 3:30
WEATHER: rain
CORNENTS
- tested until crack of the floor was heard * readings in 40th of an inch
** deflections converted to inches ( - means down)
ATA T _m—.m——) — ——
[) 1500 2000 | 3000 2400 | 3700 | 0 ____comments
l X v ] rod'lA-- rod | A Irodl A r&| A lrodl A IrodlA
11 T 60" 6.0l 0.00 - -
1 21 I 6.5 6.2/-0.08 | 1
1 3l 1 7.0 6.6l -0.10! | 1
I al I 7.3 7.0l -0.08l | 1
| sl I 6.1 6.1 o.00l | 1
| el 33.0 8.5] 55 5.5 000 55 000 55 0.00 §.2 -0.08 5.5 0.00 ]
1 721330 osi 6.3 e6.0l-008l 60 -0.08 6.0 -0.08l 6.0 -0.08 6.1-0.05 I
I el I 65 6.2l -0.08l e |
I 9l 32.3 9.0l 6.0 s.5l-.0.13l 55 -0.13 s3 -.0.18 53 .0.18 51 -0.23 5.8-0.05 1
F_ul at.s s.0l s.0 5.5}-0.13}_ 53 -0.18 5.1 -0.23l 49 -0.28 5.5-0.13 1
11 1 5.3 53| o.00 | I
I121 31.0 85l s.2 s.3l 002l 5.2 0.00 52 o.00 5.0 -0.05 5.4 0.05 I
l13l a1.0 o5l 6.0 6.0l 0.00l 6.0 000 60 0.00 5.8 -0.05 6.0 0.00 i
Iqal I 63 6.4l 0.03! I I
I} 1 5.7 s.l o.02! I I
116l | 5.8 5.8 0.00f | 1
171 I 6.2 6.11-0.03! | 1
118l I 6.8 6.8l 0.00l | i
RESULTS
load 93.75 125.00 187.50 150.00 231.25 0.00 psi
maximum deflection -0.13 -0.18 -0.23 -0.18 -0.28 -0.13 inches
average deflection -0.03 -0.06 -0.08 -0.18 -0.13 -0.03 inches
DIAGRAM .
18 14 8 4
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X
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ON-GRADE INSULATED PANEL FLOOR SYSTEM
T3T TATETTZTTY75E]
START TIME: 3:30
INTERIOR PARTITION ON END END TIME: 4:30
WEATHER: rain
DRSS
* readings in 40th of an inch
** deflectons converted to inches ( - means down)
DATA Toads (ibs) I
10 2500 | 4000 6000 | [} comments
| I S y rod* | A | rod A rod A | rod A | ]
I 11 36.0 3.5l 6.3( -0.05 ] 6.1 -0.10 6.2 -0.08] 6.2 -0.08 [ I
I_z_I 36 70 -0.02] 7.0 -0.02 7.0 -0.02] 7.2 0.031 1
3l 36.0 6.6 -0.10] 6.4 -0.15 6.5 ©0.13] 6.9 -0.02] i
1 4l 36.0 6.5 . 6.2 -0.08| 6.3 -0.05 6.2 -0.08} 6.5 0.00] 1
I sl 3sso 3asl 5.8 s.d  .o0.08] 5.3 -0.13 5.1 -0.18| 5.6 -0.05 | i
I_el 35.0 4.5] 6.0 s.e -0.10] 5.3 -0.18 5.1 -0.23| 5.9 -0.02] 1
71350 s.s} 6.0 5.7| -0.08] 5.3 -0.18 5.1 -0.23| 6.0 0.00] 1
1 8l 3s0o 6.5l 6.2 6.0f  -0.05] 5.9 -0.08 5.9 -0.08] 6.2 0.001 i
I__LI 340 35 5.1 5.1 0.90] 5.2 0.03 5.2 0.03] 5.5 o.10l |
10l 340 45 6 s& -0.10] 5.5 -0.13 5.4 -0.15] 5.9 -0.02] |
J11] 340 5.5] 6.0 5.5 -0.13} 5.3 -0.18 5.1 -0.23| 5.2 -0.20] 1
112] 340 6.5] 6.2 so  -0.08} 5.9 -0.08 5.9 -0.08! 6.0 -0.05] 1
l13] 325 3l 5.0 s.ol 0.00! 5.0 0.00 5.0 0.00 5.0 0.00i I
||_4I 325 asl 5.0 s.d 0.00} a7 -0.08 4.6 -0.10 5.0 o.00f |
18] 325 S.5] 5.9 s.5|  -0.10} 5.1 -0.20 5.0 -0.23 5.7 -0.05 1
116l 325 6.5l 5.6 5.3 -0.08] 5.1 -0.13 5.1 -0.13 54 -0.051 1
171 315 35l 47 asl  -0.05] 4.5 -0.05 45 -0.05 46  -0.03l |
l18l 315 45l 5.0 46 -0.10] 4.1 -0.23 40 -0.25 4.6 -0.101 I
‘Q 315 5.5 5.6 sof  -0.15] 4.6 -0.25 4.7 -0.23 5.1 -0.131 I
20l 315 65 5.9 s -0.05] 5.6 -0.08 5.4 -0.13 5.9 0.00l I
[21] 20.5 3.5] 4.9 48  .0.03] 48 -0.03 48 -0.03 4.9 0.00] I
1221 290.5 4.51 5.1 s.d  -0.02] 5.0 -0.02 4.6 -0.13 5.0 -0.021 1
l23l 205 sl 5.5 s.d  -0.05| 5.1 -0.10 5.0 -0.13 s.5 0.00l |
l24l 20.5- 6.5l 5.9 s.d  -0.03] 5.7 -0.05 5.5 -0.10 5.9 o0.00l 1
J2s} 28.0 3.5] 4.2 41  -0.03] 4.0 -0.05 41 -0.03 4 -0.03] ]
J26} 280 45| 45 4.6 0.02] 42 -0.08 4.2 -0.08 4.5 0.00l 1
l271 280 sl 4.8 41 -0.02] 45  -0.08 45  -0.08 4.8 o.00l |
128l 28.0 6.5l 5.1 s.d 0.03} 5.2 0.03 5.3 0.05 5.2 0.03] 1
l29] 27.0 3.5] 4.0 4.9 0.00] 4.0 0.00 3.9 -0.03 4.0 0.00] 1
130l 27.0 s.ol 4.3 4.4 -0.021 4.1 -0.05 4.1 -0.05 4.2 -0.02] I
31l 27.0 3.l 4.7 a8 -0.05} 4.6 .0.03 4.5 .0.05 4.6 .0.03]
RESULTS
load 78.13 125.00 187.50 0.00 IbsAinear foot
maximum deflection -0.15 -0.25 -0.25 -0.20 inches
average deflection -0.05 -0.09 -0.10 -0.02 inches
DIAGRAM
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ON-GRADE INSUCATED PANEL FLOOR SYSTEM
TESY e L) (AN B F-E 74
START TIME: 12:3
SSIC PANEL END TIME: 4:3(
WEATHER: sun/sprinkles
COMMENTS
-significant deflection on NW corner of floor * readings in 40th of an inch
-no nolicable shifing between two panels ™ deflections corverted to inches ( - means dc
-only loaded to 1/2 of desired load due to imits of the dump truck
DATA loads cell reading (Ibs)/revised load per foot
|ol 177/263 | 378/475 | 595/704 | 970/1099| 1100/1236| 1200/1341| 1300/1445' comments
L 1 x y | ) 700" ] Aee ] rod ] A J rod | A j rod ) A Jrod | A jrod } A Jrod | A | ]
731320 25 44.0 43.9 -0.08 43.4 -0.0) 44.Q 000 44.1 0.03 44.0 00( 43.d -0.03 44.a4 0.00] i
1 81300 2.6l 43.d 44.d 0.0d 44.d 0.0d 439 0.0d 43.d -0.03 43.d 0.0l 43.d 0.0d 44.d o.0d i
f1odaso 2.5l 42d 43.d 009 43.d o0.0d 430 o0.0d 42.d -0.09 42.d -0.0b 42.d o.0d 42.d o.0od |
J1136.0 15§ 43.4 43.4 -0.0f 43.9 -0.0t 434 -0.0F 43.4 -0.14 43.4 -0.1p 43.4 -0.1% 43.4 -0.1} 1
11236.0 251 421 43.d 0.071 43.14 o0.100 429 0.05 43.d 0.07 43.0 0.07 43.d o0.01 43.d 0.07 1
[139340 1.5 43.d 42.7 -0.0f 42.4 -0.1$ 424 .0.1b 42.4 -0.2% 42.9 -0.2b 42.4 -0.2¢ 42.4 -0.2p 1
I1d24.0 261 43.1 43.d -0.0B «42.d -0.08 420 -0.06 43.0 -0.03 43.d -0.0B 42.4 -0.06 42.4 -0.0b 1
l1d220 1.5l 43.3 42.d -0.1b 424 -0.1% 421 -0.1b 42.d -0.20 424 -0.2b 42.4 -0.2) 42.4 -0.2b ]
T16l220 261 43.d 42.d .0.0B 42.d -0.03 429 .0.0B 42.d4 -0.03 42.d -0.08 42.d -0.03 42.4 -0.0B 1
l17d200 1.6l 42.d 42.d -0.1b 42.4 -0.1% 424 -01F 42.d -0.2) 41.d -0.26 41.d -0.26 41.d -0.2b 1
J18020.0 2.5] 43.4 43.4 -0.0B 42.4 -0.0¢ 42.9 -0.05 42.9 -0.0% 42.8 -0.0B 42.4 -0.0% 42.9 -0.0p 1
T19l18.0 0.0l 43.4 43.4 -0.0F 43.d -0.10 42.¢4 -0.1B 43.d -0.10 42.7 -0.1F 42.€ -0.2¢ 42.4 -0.2p 1
l2o 180 o5l 431 43.4 -0.0b 43.4 -0.08 434 .0.0B 43.4 -0.13 43.d -0.1B 43.d -0.14 42.4 -0.2b |
121118.0 1.5 43.d 43.4 -.0.0k 43.d -0.06 434 -0.05 43.9 -0.0f 43.d -0.1B 43.4 -0.10 43.4 -0.1b 1
l2d 180 2.6l 43.d 434d o.0d 43.d -0.0) 43.4 -0.0B 43.d o0.0d 437 -0.05 43.4 .0.06 43.4 -o0.0b |
123 16.0 0.0l 443 44.3 0.0d 443 0.0 44.3 0.00 44.4 -0.0% 44.q -0.0y 43.4 -0.1¢ 43.4 -0.1p 1
l2d16.0. 05 43.d 43.d -0.08 43.6l -0.03 43.4 .0.0B 43.d -0.07 43.4 -0.07 43.4 -0.07 43.4 -0.0F |
l2d16.0 1.5l 431 43.d -0.0B 42.d -0.08 424 -0.0b 42.d -0.00 42.d -0.0B 42.7 -0.14 42.4 -0.1b |
T2l 16.0 2.5 433 43.4 .0.0R 43.1 -0.0$ 43.2 -0.0R 43.1 -0.0% 43.d -0.07 43.4 -0.06 43.1 -0.0p I
I27200 0.0 42d 42.d -0.06 42.4 -0.1% 42.{ -0.1F 41.d -0.2§ 41.9 -0.3k 41.4 -0.36 41.4 -0.3} 1
1260200 0.51 42.d 42.4 -0.2p 41.§ -0.32 41.3 -0.4p 40.§ -0.4§¢ 40.4 .0.55 40.§ -0.57 40.3 -0.6} 1
A 1275 0.0l 42.d 42.d 0.0d 42.4 -0.06 42.3 -0.1b 42.d -0.16 41.71 -0.2B 41.7 -0.23 41.§ -0.2} 1
B laas oo 3d 35 -0.0B 34l -0.13 2.4 .0.2b 2.8 -0.28 2.4 -0.3p 2.0 -0.46 1.9 -0.4b 1
k 1235 o0 307 30.4 -0.08 30.d -0.18 29.7 -0.25 29.4 -0.33 20.d -0.4B 28.4 -0.4% 28.6 -0.5p 1
b l2o5 oo 17.d 17.4 .0.1b 16.d -0.24 16.3 .0.3p 16.d -0.4¢ 15.4 -0.56 15.4 -0.64 15.d -0.6} I
E M 06l 26.9 26.4 o0.0d 264 0.00 26.4 0.0¢ 26. 0.04 26.5 0.00 26.§ 0.0q 26.¢ 0.0§. 1
F N 05l 41.d 41.d o.0od 41.0 o0.00 41.0 0.0d 41.(f 0.00 41.4 0.00 41.¢¢ 0.04 41.¢¢ 0.0 1
P ha 05] 39l 35l .01b 2.8 .02 2.4 038 21| -0.4% 1.4 -056 1.6 -0.56 1.4 -0.6p
RESULTS
load 263 475 704 1099 1236 1341 14461bs
load 65.75 118.75 176.00 274.75 300.00 335.25 361.50Ib/linear foot
maximum deflection -0.20 -0.32 -0.40 -0.48 -0.55 -0.60 -0.65nches
average deflection -0.04 -0.08 -0.10 -0.13 -0.17 -0.18 -0. 19nches
DIAGRAM ;
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ON-GRADE INSULATED PANEL FLOOR SYSTEM
TEST DATE: 12/11/96
START TIME: 10:30
DISTRIBUTED END TIME: 11:30
WEATHER: sun/sprinkles
[COMMENTS
* readings in 40th of an inch
** deflections converted to inches ( - means down)
ATA 1 layer 2 layers 3 layers
0 1500_lbs i 3000 _Ibs 4500_Ibs comments
X y ] rod*® rod*® Ase rod A rod A
11.0 sg.0l 4.6 4.4__ _-0.05 43 __ -0.08 43 _-0.08
2| 11.0 10.0, 5.3 49___-010__ 48 -0.13 470 -0.1s
3l 11.0 133l 5.4 51  -0.08 5.0 -0.10 s.1l  -o0.08l I
I a4l 11.0 16.0] 5.5 5.5 0.00 5.5 0.00 5.6| 0.02] |
I sl 11.0 17.0] 5.4 §3  -0.03 53  -0.03 s.2| -0.05| 1
I sl 120 9.0f 4.8 4.5 -0.08 4.4 -0.10 4.3l -0.13| |
I 71 12.0 10.0f 5.0 45 -0.13 43  .0.18 43  -0.18] |
I sl 12.0 13.3] 5.2 4.9 -0.08 5.0 — :0.05 5.1} -0.03] i
| 9l 12.0 16.0} 5.1 5.1 0.00 5.1 0.00 5.0, -0.02| 1
F10l 120 17.0 5.1 5.1 0.00 5.1 0.00 5.0l .0.02} i
F11l 147 9.0l 5.2 4.9  -0.08 44  -0.20 451 -0.18! I
12l 147 1000l 5.5 50 -0.13 46  -0.23 a5l -0.2sl |
f13] 14.7 13.3] 5.6 4.6 -0.25 4.2 -0.35 4.0l -0.40| |
114l 14.7 16.0! 47 4.3 -0.10 4.0 -0.18 4.0l -0.18l |
L1sl 14.7 17.0} 5.0 4.9  -0.02 48  -0.05 a8l -0.02] |
l16l 18.0 9.0l 5.1 5.0 -0.02 49  -0.05 49l -0.0sl |
117] 18.0 10.0l 4.9 4.7  -0.05 4.6 -0.08 4.6] -0.08] i
l 18] 18.0 13.3l 5.0 5.2 0.05 5.2 0.05 5.1 0.02| 1
|_Lg 16.0 5.4 5.4 0.00 5.3 -0.03 5.4 0.00} |
20l 18.0 17.0l 5.1 5.1 0.00 5.4 0.08 5.3 0.051 |
l21] 19.0 9.0 5.0 5.0 0.00 5.0 0.00 5.0} 0.00] }
l22] 19.0 10.0 5.2 5.2 0.00 §0  -0.05 5.0/ -0.05] i
23] 180 _13.3 5.5 5.1 -0.10 s0__ -0.13 5.0 -0.13| 1
24] 19.0 16.0 4.7 4.9 0.05 4.8 0.02 5.0 0.08| |
25l 19.0 172.0| 4.8 4.8 0.00 4.9 0.03 4.9 0.03}
RESULTS
ad  42.00 83.00 125.00 pst
maximum deflection -0.25 -0.35 -0.40 inches
average deflection -0.05 -0.07 -0.07 inches
DIAGRAM
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ON-GRADE INSULATED PANEL FLOOR SYSTEM _]
TEST DATE 12/11/96]
START TIME: 12:00
DYNAMIC END TIME: 1:00
WEATHER: rain
COMMENTS
* readings in 40th of an inch
** deflections converted to inches ( - means down)
- both readings with compactor in place
DATA after 1 hour
0 comments ]
| y | | rod* | Aes ]
|~ 11 255 13.0§ 5.7 5.61 -0.03 1
_ 2 | 255 14 o] 5.5 56 0.02 lifting occured at most locations |
3l 255 16.0l 5.2 5.1 -0.03 ]
| a4l 255 17.0) 5.7 5.9 0.05 |
| 5] 245 13.0]) 5.0! 5.0 0.00 1
Il 6l 245 14.0l 5.7 5.6 -0.03 |
I 721 2a5 16.0l 51 5.5 0.10 I
| 8l 245 17.0l 5.5 5.6 0.02 I
| ol 225 13.0] 5.8 55 -0.08 |
I'10l 225 14.0l 5.7 5.8 0.02 |
l11] 22.5 16.0} 6.0 6.1 0.02 i
l12] 22.5 17.0} 6.0 6.0 0.00 i
l13l 215 130l 59 5.9 0.00 |
114l 215 14.0l 58 5.8 0.00 |
l1sl 215 16.0l 5.8 5.9 0.03 I
l16l 21.5 17.0!} 5.9 6.0 0.02 |
RESULTS
maximum deflection -0.08 inches
average deflection 0.01 inches
DIAGRAM
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D: F-Number Calculations

Using the procedure outlined in Design and Construction of Concrete Floors and
ASTM E1155, a value for both flatness and levelness was calculated for the floor as
follows:

Flatness
FF=457(35q+ q ) FF = flatness number
Sq = standard deviation of q
q = 24 inch curvature
q =mean of q
Sq = 0.04
q=0.07

FF = 4.57/(3Sq+ q ) = 4.57/(3 x 0.04 + 0.07) = 24.0

FF =24
Levelness

FL=125(3Sz+ z) FL = levelness number
Sz = standard deviation of z
z = 10 ft slope
z =mean of z

Sz =0.11

z=041

FL =12.5/(3Sq + q )=125/(3x0.11 + 0.41) = 16.9
FL =17
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E: Dismantling

Compaction Results
81.5 82é 825
L% sy
©
57 1572 |
81.9 :
@ 84.5
8539 849 |..86.2_
83.8
. 826 844 = 832 83.7 | 833 __ 838
& @ & & o
P 4l - Oll .

Values represent modified proctor compaction test results at test location as a
percentage. 10” depths were used for most tests. The two east tests represent an
average of the 6” and 12” test results. Tests were conducted by Braun Intertec from
Eugene, OR.
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