
Laser-guided fine grading and concrete 
strike-off are two of the most important 
elements needed for building F,,„„ floors 
with wide-placement technology. 

A winning strategy 
for building Fmin floors 
How to achieve narrow-aisle floor flatness with wide-placement technology 

BY JOSEPH F. NEUBER JR. 
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arrow-strip concrete place- 
ments are the industry stan- 
dard for narrow-aisle, de- 
fined-traffic warehouse 
slabs. To meet the tight flat-

ness tolerances, usually F m , 50 to 100 
(see box on page 18), contractors 
perform narrow-strip construction 
by setting edge forms 14 to 20 feet 
apart and striking off the concrete 
with a vibratory truss screed. 

Though you can get the needed 
flatness with narrow-strip construc-
tion, the extra time and expense re-
quired to complete large floor areas 
with this method are major disad- 

A closed-in building helps control concrete setting properties, and adequate light-
ing allows placing crews and finishers to produce flatter floors. 
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To produce flatter floors while floating concrete, 
without having to walk on the floor surface, attach a 
straightedge to a double riding power trowel. 

vantages. On fast-track projects, gen-
eral contractors want floors com-
pleted as quickly as possible so other 
trades can start to work. And, of 
course, owners always want to mini-
mize cost. 

Here's how we met such conflict-
ing requirements for one of our 
clients who was building a 300,000-
square-foot addition to a facility in 
Lancaster, Pa., owned by retailer 
QVC Inc. The required flatness toler-
ance for the 125,000-square-foot 
narrow-aisle warehouse portion of 
the floor was Fmul  65. 

The game plan 
For cost efficiency, we decided to 

place the warehouse portion with 
wide-placement technology using 
laser-guided, self-propelled screeds. 
Time savings were also a factor, 
since wide placement would allow 
us to place five 100-foot-wide by 
250-foot-long strips within seven 
working days. 

Placing up to 25,000 square feet of 
floor a day isn't uncommon. But we 
had to hit those production num-
bers while still meeting the F mth  65 
flatness tolerance. Our ability to  

meet both schedule and quality re-
quirements required cooperation 
from the owner, general contractor, 
excavation contractor, concrete pro-
ducer and other key players—coop-
eration that culminated in a prepour 
meeting. 

A three- to four-hour prepour 
meeting is an essential part of any 
project. In it, we discuss all aspects of 
a floor placement that lead to a suc-
cessful result, then we outline the 
critical issues and agree on and as-
sign accountability for each. Atten-
dance by all key players is mandatory, 
since the planning process is the 
final team-building exercise the play-
ers need to mentally prepare for the 
work ahead. 

Preparing the playing field 
To provide us with ideal working 

conditions that aren't found on 
most jobs, the general contractor 
agreed to: 
■ Work closely with the excavating 

contractor to ensure a uniform 
moisture content and density for 
the subbase. 

■ Provide us with a closed-in, water-
tight, temperature-controlled 

building before the floor was 
placed. This eliminated wind, 
temperature and humidity as ma-
jor placing variables, giving our 
crews the best shot at maintaining 
the uniformity of the concrete de-
livered to them. 

■ Ensure proper lighting for both 
the placing and finishing crews, 
since workers can't finish what 
they can't see. 
The concrete producer also 

helped prepare the field by setting 
up an onsite, central-mix batch 

plant, even though the 
slab portion of the con-
crete work called for 
only 6,000 cubic yards. 
This allowed our per-
sonnel to monitor 
every load of concrete 
for proper air content 
and slump. The mixer 
was equipped with a 
slump meter that per-
mitted most batches to 
be produced with a 

slump variation of X to 1 inch. 
We avoided hot or cold loads of 

concrete by measuring the tempera-
ture of the cement as soon as it was 
delivered and by adjusting water 
temperature to keep the concrete, as 
discharged at the jobsite, 15° F 
above the subbase temperature, 
within a tolerance of ±5° E For in-
stance, if the subbase temperature 
was 55° F, we would accept loads 
with temperatures ranging from 65° 
to 75° F. Because work was done 
during cold weather, heated water 
was available to help control con-
crete temperature. 

Initial mix proportions were im-
portant too. We needed enough 
paste to perform the straightedging 
and final finishing work required to 
meet the tight flatness tolerances, 
but we also needed enough aggre-
gate to minimize drying shrinkage 
and curling. We made trial mixes to 
maximize the coarse-aggregate con-
tent while still providing enough 
paste for finishability. Concrete for 
the narrow-aisle portion contained 
less coarse aggregate than the con-
crete used for the rest of the floor. 



Typical Profileograph 

Measures 
transverse 
elevation difference 
with spacing 
adjustable 
for design of 
forklift (typically 5 feet) 

Measures longitudinal 
elevation difference 

F.,„ floor basics 
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Floor specifications that use the F-numbering system for flatness toler-
ances apply to two floor categories: random traffic and defined traffic. 
Most floors receive random traffic that moves in any direction; two sepa-
rate F-numbers, F, and F L, define the required surface flatness and level-
ness for these floors. The measurement methods are described in ASTM 
E 1155, "Standard Test Method for Determining Floor Flatness and Lev-
elness Using the F-Number System." Two tiers of F, and F, values should 
be indicated: one for the composite value to be achieved (specified 
overall value), and one for the minimum quality level that will be ac-
cepted without repair (minimum local value). 

Defined-traffic floors are required for specialized applications such as 
very-narrow-aisle warehouses, where forklifts nearly continuously travel 
the same path. For these floors, the flatness and levelness tolerances are 
expressed as one value—F,,,,—that usually ranges from 50 to 100. 

F r„,. is determined with a profileograph, a four-wheeled device that 
travels down the aisle while continuously recording the difference in ele- 

vation between the wheels in both the longitudinal and transverse direc-
tions (see drawing). These elevation differences must remain within a 
band defined by the F ml , number that's specified. The higher the num-
ber, the narrower the band. The contractor must spot grind any floor 
areas where the profile trace falls outside the band. 

Our producer used a mid-range 
water-reducer to keep the water-con-
tent low while providing the worka-
bility needed for placement. We 
placed the mix at a 33- to 4-inch 
slump. 

Running the defense 

To produce a very flat floor, fin-
ishers need a concrete with consis-
tent setting properties. Quality 
control at the batch plant is the 
first line of defense against non-
uniform loads. But on our job, we 
also had a "free safety" who caught 
any truck that slipped past the QC 
defensive line with an out-of-toler-
ance load. Our free safety was as-
signed to direct truck-mixer traffic, 
check batch tickets to ensure that 
batch weights were in tolerance, 
run a slump test and check the 
temperature of every truckload just 
prior to placement. If the slump or 
temperature was too high or low or 
the load was rocky or oversanded, 
we rejected it and paid the pro-
ducer for his materials. We've 
found that doctoring up out-of-
spec loads is likely to cause finish-
ing problems, so we don't risk it. 

Uniform slab thickness is another 
element in the defense against local-
ized inconsistent setting. Differing 
thicknesses of concrete can bleed 
and set at different rates, leaving 
hard or soft spots that are difficult 
to finish to a tight tolerance. To 
control slab thickness, we used a 
laser-guided grader box pulled be-
hind a tractor loader, fine-grading 
the subbase to within a tolerance of 
-±% inch. 

Finally, we gave the finishers the 
flattest possible starting surface by 
fine-tuning and adjusting the laser-
guided screed and verifying that the 
strike-off head was straight. We've 
found that three factors affect head 
straightness: 
■ Chaining down the head when 

transporting the machine. This 
can produce a bow of up to X 
inch. 

■ Differential wear caused by screed-
ing concrete containing sands of 
varying hardness. 

■ Damage at the jobsite caused by 
the head hitting columns or other 
fixed objects. 
Small variations in straightness 

can cause major differences in F rnm  
numbers. A 116-inch variation can be 
the difference between an F„,„ 90 and 
F„„„ 60 floor. 

To control floor flatness problems 
caused by these variations, we check 
the head straightness at least two or 
three times during each pour by 
clamping a straightedge to the head 
and using a feeler gauge to measure 
deviations. The process takes only 
five minutes. If the head isn't 

straight, we attach a spare head and 
repair the damaged one. 

The screed operator can also im-
prove flatness by screeding parallel 
to the narrow-aisle edges when pos-
sible and by choosing where to set 
down the head after extending it. 
Setting down the head creates a 
shallow depression that adversely 
affects flatness. Because of this, we 
paint lines on the subbase to show 
where the warehouse racks will be 
placed and instruct the operator to 
set the head down in the rack area. 
That means the operator may make 
a pull shorter than the 18-foot max- 



imum in some cases, but the proce-
dure improves flatness. The opera-
tor's efforts, along with good 
straightedge work in all areas, set 
the stage for the finishers. 

The score 

Finishers have to cap the scoring 
drive that leads to high flatness 
numbers. They do this with three 
weapons: proper timing, enough 
people and good equipment. Tim-
ing involves starting to finish and 
restraighten the floor at the right 
time. It also involves knowing 
when not to walk on the floor. We 
tell our finishers to never walk on 
the floor when the concrete is plas-
tic enough to be deformed. Even %- 
inch-deep footprints will be filled 
with mortar that has different 
shrinkage characteristics than the 
rest of the concrete. That means 
there'll be a slight indentation even 
after the footprints have been 
filled. And the profileograph will 
pick up these indentations when 
F„„r, is measured. 

On the QVC job, we started fin-
ishing with pan floats, then our six 
finishers used hand, walk-behind 
and ride-on floating and troweling 
equipment. They restraightened the 
slab with a patented bump-cutting 
unit mounted on a double riding 
trowel 

Their skills and use of the right 
equipment at the right time mini-
mized penalties (the grinding required 
to meet the Fmn, 65 tolerance) and re-
sulted in the following scorecard: 
■ Only 1.4% of the 13 aisles totaling 

2,860 lineal feet required grinding 
to meet the specification. A typi-
cal value is closer to 10%. 

■ Seven of the aisles met an F rni. 100 
tolerance in both transverse and 
longitudinal directions with no 
grinding. 

■ The other six aisles would have 
needed only minor grinding to 
reach an F, ®,. 100 tolerance require-
ment. 
These flatness numbers were 

achieved with a substantial savings 
in construction time and cost, but 
similar results are attainable only 
with the same attention to detail de-
scribed here. There is little or no 
room for error. 

The players 

Owner: QVC Inc., West Chester, Pa. 
Architect: Gilbert Architects, Lan-
caster, Pa. 
Engineer: Providence Engineering, 
Willow Street, Pa. 
General contractor: Wohlsen Con-
struction Co., Lancaster 
Concrete contractor: Neuber Con-
crete, Kimberton, Pa. 

Floor consultant: Allen Face, Allen 
Face and Associates, Newport News, Va. 
Concrete supplier: Koller Concrete, 
Bethlehem, Pa. 
Materials testing: Schnabel Engineer-
ing, West Chester 
Flatness testing firm: Face Consul-
tants, Lexington, Ky. 
Laser screed service: Precision Laser 
Services, Kimberton 
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