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Fig. 2.-A level raised platform is best for the forms as the side and 
bottom forms are bolted to hold them firmly in place and facilitate easy 
removal. 
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As a greenhouse bench construction material, concrete may be 
very short-lived or very permanent, depending upon the mixture 
and the type of reinforcing used. A well-built concrete bench is 
desirable for durability, permanence, soil temperature moderation, 
strength, and appearance. Concrete benches may be of monolithic 
construction or erected from "concrete lumber" pre-cast in various 
shapes for the parts of the bench. 

The Missouri Concrete Bench 
A bench of the "concrete lumber" type has been designed with 

a minimum of forms, yet easily adapted to a number of sizes and uses. 
Its particular advantages are: (1) It may be readily waterproofed and 
adapted for nutrient solution or subirrigation culture; (2) it has 
sufficient joints that there should be ample expansion to allow any 
method of soil sterilization in the bench; (3) the bench may be dis
mantled and moved to a new location or rebuilt over a nutrient solu
tion tank; and (4) only three forms are needed for casting the 
necessary parts. 

The Forms.-A level platform on which to place the forms is 
desirable inasmuch as the side and bottom forms are bolted down to 
hold them firmly in place. A platform 41/2 feet by 18 feet is large 
enough to pour parts for eight linear feet of bench in one pouring (see 
Figure 2). 

Legs and Beam.-Two legs and a cross-beam are poured in a 
form consisting of 2n x 4" planed lumber set up edgewise, thus mak
ing the cross-section of legs and beam 3%" x 3%". These 2/1 x 
4" forms are set on the platform and held in place by blocks securely 
nailed to the floor. The forms themselves are not nailed down as they 
must be easily and readily removed after the concrete has thoroughly 
set. (See Fig. 3, pp. 8-9 for details and measurements.) Note that the 
forms are nailed together in only four places. Other joints are held 
together by the blocks on the platform. 

At the end of the bench a double leg is cast, the extended por
tion of the leg being used to support the end slab of the bench. The 
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form for this extension is made by simply doubling the 2" x 4" 
form on the leg portion of the form only (see Figure 4). 

A No.9 galvanized wire 30" long is bent double, inserted through 
holes in the form at the outer ends of the cross-beam, and the loop 
hooked over the reinforcing rod, to be used as support for the heating 

Fig. 4.-The leg forms are in four pieces and held in place by blocks nailed 
firmly to the platform. Note the doubled leg on left for use at end of the 
bench. 

pipe. By placing these wires in every other pair of legs, the heating 
pipe will be supported at 8 ft. intervals throughout the length of 
the bench. 

Sides and Ends.-The sides and ends are cast in essentially the 
same form. This form is best made of 24 or 26 gauge galvanized iron 
by a tin shop. The corners should be bent accurately to 90° angles. 
Figures 3 and 5 show the dimensions and shape of the form. Here 
again the dimensions are made to conform to 2" x 4" planed lumber 
for supporting members. The cross section of this slab is in the shape 
of an "L" so that the projection of the "L" will support the bottom 
slabs. "L" -shaped-blocks are inserted at either end of the form with 
their inner surfaces 48 inches apart. The block at one end' has a 
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projection on its inner surface to cast a groove, while the other has 
a slot to receive the galvanized strip used for the tongue. The tongue 
and groove strips are shown in the plan (Fig. 3). Two sides with 
tongues at both ends should be poured for each complete bench. When 
the sides are set together on the bench, this tongue and groove pre
vents excessive washing of soil through the joint, and also makes 
waterproofing more easy when preparing for nutrient culture. 

The ends are poured in the same form. The end blocks have no 
tongue or groove and can be set at the proper distance for the width 
of the bench. A 2" x 2" strip should be laid on top all around the 
form to make the slab thicker. A groove form is attached to the 
bottom of the form at each end in such position that it will cast a 

Fig. 5.-The sides and ends are formed In galvanized iron trays, cleaned and 
oiled inside pefore each pouring. 

groove to receive the side slab tongue. Also a 3%" x 21/2" x 2%" 
block is placed at each end of the "L" projection to block out a hole 
for the side slab. 

Bottom.-The bottom form is made in the shape of an inverted 
"V" which is %" higher in the middle than at the side. A platform 
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about 8" wider than the widest bench is constructed in this shape so 
that several bottom slabs may be poured at one time. (See Fig. 2.) 
A dividing strip between the slabs is made from a 2" x 4" r ipped 
to fit over the "V" of the bottom and a piece of I" x 4" the length 
of the 2" x 4" is fitted on t he top side of the 2" x 4" and offset 
I" to make a ship-lap joint on the finished slabs. A 2" x · 4" block 
24" long is notched to fit at the ends of each slab form. These form 
parts are bolted down to the platform so that t hey may be easily 
removed to release the concrete slab when cured. See Fig. 3 for de
tai ls and dimensions . 

As this form is made it casts the concrete slab upside down. By 
casting t his slab upside down it is possible to strike off the wet con
crete on a level. When it is turned over it forms a V-bottom bench 
with pitch of %" to t he center. 

Pouring the Concrete 
All forms are thoroughly oiled with old crankcase oil before 

pouring to facilitate removal. 

Fig. 6.-The omamentallawn fence reinforcing is placed in the side or end form 
after the lower half of tile form has been filled with concrete. 
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Reinforcing.-Inasmuch as all slabs are relatively thin, they must 
be reinforced for strength. All reinforcing in the thinner slabs (11/2" 
thickness) should be of galvanized wire. Experience has shown that 
black iron reinforcing is eventually attacked by moisture causing 
rust which breaks the strongest concrete. Number 9 galvanized rose 
stake with hooks bent at both ends and spaced 4 inches apart will be 
v~ry good reinforcing. If new material must be purchased, a single 
picket ornamental wire lawn fence is very good, inexpensive, and 
strong reinforcing. 

The position of the reinforcing in the finished bench member 
has a · very important bearing upon the strength of the -slab. . The 
reinforcing for the bottom slabs should be within 1/2 inch of the sur
face to be struck off (See Fig. 2). In other words it should be 1/2 inch 
into the concrete from the lower surface when the slab is in place 
in the bench. The reinforcing for the side slabs should be in the exact 
middle between top and bottom surfaces as poured. (See' Fig. 6). 
The reinforcing rod for the leg-beam should be placed % to 1 inch 
from the lower side of the beam-the side which is bottom when the 

') 

legs are in place (See Fig. 3). The rod extending into the leg should 
be as near to the center as possible. 

Materials.-The concrete' is mixed using a gravel (pea gravel or 
ground limestone) of about o/s" x %" size, clean washed sand, and 
a good grade of Portland cement. The mix formula of the Portland 
Cement Association for concrete of 1 to 2 inches in thickness was 
found very satifactory. r:r:his formula is as follows: 

MATERIAL PROPORTION BATCH 
Gravel o/s" x lis" 214 parts 214 cu. ft. 
Washed sand 1% parts 1% cu. ft. 
Cement 1 part 1 sack 
Water* 1 part 6 gallons 

Curing.-::-The strength of concrete is directly related to its curing. 
The finished pieces should be left in the forms long enough to become 
thoroughly set befor.e they are moved. During drying days in sum
mer, all forms may be emptied and refilled daily, but during cool 
days of fall or spring, two days or more may be necessary for proper 
d~ying. 

After the slabs are removed in summer, they should be further 
cured under water, moist burlap sacks, moist soil or sand for a week 

·The amount of water wiIl vary slightly according to the moisture content of the sand and 
gravel. A good mix should 'appear slightly gelatinous, neither too dry nor too wet. 
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to insure greater strength and reduce cracks and checks due to too 
rapid drying (Note slab in tank under bench in Figure 1). 

Quantities of Materials 

TABLE 1. - QUANTITIES AND COSTS OF MATERIALS USED IN CONSTRUCTION OF 
MISSOURI CONCRETE GREENHOUSE BENCH. (PREVAILING 1941 PRICES). 

Quantities of Materials Cost of Materials 

Piece Quantity Quantities per piece Rein-
of batch* in cu. ft. forcing 
per each 

piece Gravel Sand Cement Gravel Sand 

Side .25 .5625 .44 .25 1 ft.iI !r~ !r~ End .40 .9 .7 .4 1 ft.iI 
Small .265 .6 .46 .26 2pc; 36" 2l/2~ 2 l/2~ 

Legs 1pc.48" + 
Large .272 .612 .48 .27 2pc.36" 2 l/2S\ 2 l/2S\ 

1pc.54·+ 
Bottom Small .350 .79 .61 .35 2 ft.iI 3~~ 3 l/2S\ 
Slabs Large .363 .82 .64 .36 2 ft.iI 3 lt2S\ 3 l/2~ 

* One batch consisted of 2,1;2 cu. ft. gravel; 1 W4 cu. ft. sand; 1 sack cement. 
+ One-fourth inch black iron reinforcing rod. 
iI Four-foot wide ornamental lawn fencing @ 10~ linear ft. 

Cement 

1~~ 26 
17~ 

18S\ 

23~ 
24~ 

TABLE 2. - LIST OF MATERIALS NECESSARY FOR 
100 L,INEAR FEET OF 4-FOOT WIDE BENCH. 

Side Ends Le&:s Bottom Piers 

Gravel 28 cu. ft. 2 cu. ft. 15.7 cu. ft. 41 cu. ft. 36 cu. ft. 
Sand 22 cu. ft. 1.5 cu. ft. 12.5 cu. ft. 32 cu. ft. 18 cu. ft. 
Cement 12.5 cu. ft. 1 cu. ft. 7 cu. ft. 18 cu. ft. 9 cu. ft. 
1/4" Reinforcing Rods --_ ........ -- -------- 273 ft. -------- --------
Lawn Fence Reinforcing 

4 ft. wide. 50 ft. 2 ft. -------- 100 ft. -- ...... ----
No.9 Galv. Wire -------- -------- 70 ft. -------- ---_ .. ---
Side Forms 4 pc. ----_ .... - -------- ----......... ------ ..... 
Galv. Tongue Strip 52 pc. -------- ----- ... _- --------
Galv. Groove Strip 3 pc. 2 pc. -------- -------- --------

Rein- Total 
forcing Cost 

1~~ 31~ 
10 44¢ 
81;2~ 30 1;2~ 

81;2~ 31 1;2~ 

20~ SO~ 
20~ 51S\ 

Total 

122.7 cu. ft. 
86 cu. ft. 
47.5 cu. ft. 

273 ft. 

152 ft. 
70 ft. 
4 pc. 

52 pc. 
5 pc. 

Table 1 gives quantities of materials to make a bench 4 feet wide 
and 32 inches high. Variations ofa few inches in width of the bench 
will make very little difference in total quantities necessary for the 
bench, inasmuch as there is always slightly more mix than is neces'
sary to fill the form at each pouring. It is advisable to have in readi
ness a shallow box or fiat to receive any excess mix from each batch 
as it makes neat blocks which may be used in many ways. (See Fig. 
7 for one use.) 

Table 2 gives the total quantities of materials necessary to con
struct a 100' x 4' concrete bench. 
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Fig. 7.- Support and alignment of the legs is best accomplished by straddling 
the legs over I)ipes resting on opposing wedges on concrete blocks, bricks, or 
wooden "horses". 

Constructing the Bench 
Aligning and Setting the Legs.- The legs must be set in a firm 

foundation to insure the bench remaining level. The best foundation 
is that of concrete poured around the base of the legs. Such a foun
dation should be dug with a posthole digger to a firm soil foundation. 
After the holes are dug, the leg-beam member is set up over the 
holes and the holes then filled with a leaner concrete mixture (1 ce
ment, 2 sand, 4 gravel). To support and align the legs two pipes may 
be placed under the beam and supported by bricks, wooden horses, or 
concrete blocks (See Fig. 7). A string should be stretched at one end 
of the beams for both line grade and height. To make fine adjustment 
of the leg-beams, opposing wedges are placed under the pipe on top the 
supporting blocks. 

After the concrete is thoroughly set around the legs, it is a 
simple matter to lay up the pre-cast end, then sid s, and finally the 
bottoms. It is best to place the bottoms after a side section has been 
placed on each side. To bed the bench members more firmly, a mortar 
of cement and water may be placed wherever two members join or 
r~st on one another, but this is not absolutely necessary. 
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If the bench is to be used for gravel culture, the joints may be 
readily calked with a good grade of calking compound. This is ap
plied by using a putty-gun. After all cracks are thoroughly calked, 
the entire inside surface of the bench is coated with asphalt emulsion. 

Strength of the Bench Members* 
Leg-Beam Member.-It was not thought necessary to test the 

strength of the beam at its end where the side slab rests, inasmuch 
as this portion is so well braced and reinforced. However, since the 
center of the bottom slab is the weakest point of the bench, it was 
thought it might be necessary to support this with a stringer rest
ing on the center of the beam. To determine the strength of the 
beam, it was placed in a testing machine and pressure applied until 
the piece broke. A pressure equivalent to 1250 pounds was necessary 
to break the member 28 dayst after being poured. 

Side Slab Member.-The pressure was applied to the ledge of the 
side slab member on which the bottom slabs rest inasmuch as the en-

Fig. B.-The pressure on the side slab was exerted at the center of the ledge 
being supported only at the ends. 

·The teeta on the ~.Beam and Side Slnb memben were conducted by Professor H. A. La Rue 
In the Civil Engineering Material. Laboratory of the University of MI.souri. 

tStandard time used tor teating concrete. 
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tire weight is on this area. A 4" x 4n block was used as a bearing 
at the very center of the slab which was supported 2 inches from 
each end. (See Fig. 8.) A pressure equal to 1670 pounds was neces
sary to crack this member. With the weight distributed uniformly 
along the entire length of the siab instead of the 4 inches in the center, 
a much greater weight would be necessary to break the ledge of this 
slab. 

Bottom Slab.-No machine was available for testing this member 
due to its shape and size, therefore a slab was supported at the ends 
on 2" x 4" blocks as it would be supported by the side slab and then 
loaded with sacks of cement until it broke. The 43-inch long slab 
(for the 46-inch wide bench) supported the weight of twelve 94-
pound sacks of cement (Total 1128 pounds), but broke when the thir
teenth sack was placed on top. The sacks were piled one on top of 
another, hence the weight was concentracted on an area of about 2112 
square feet (area of one cement sack) in the very middle of the slab. 

Strength Margin of Safety 
The total maximum weight a bench is expected to support is six 

or eight inches of soil saturated with water and the weight of a man 
and wheelbarrow on top, when wheeling soil out. Figuring on this 
basis of saturated soil, the maximum weight on the bench at a peak 
load is approximately 900 pounds. If it were possible to concentrate 
all of this weight in the areas of the tests, the strength margin of 
safety would be about 250 pounds on the bottom slab and 770 pounds 
on the side. This weight, of course, is distributed evenly over the 
entire width of the bench and two or more" slabs lengthwise (instead 
of in the middle of one slab as applied in the tests). Also the weight 
will be dist:ributed over a greater distance when running boards are 
used for the wheelbarrow. 

The greatest danger of breakage, therefore, in a concrete green-
. house bench is from falling objects. Concrete will support a very 
heavy and uniform compression load, but a sharp blow from a falling 
object will easily crack the material. For example, one of the leg
beam members, if stood on a level floor and toppled over so as to 
fall on objects striking it at the ends only, will break unde!: its own 
weight whereas it supported a 1250 pound uniform pressure. 

Cost of Materials and Labor 
Materials.-Table 1 (page 10) showed the costs of materials used 

in making the various parts of the Missouri Concrete Bench. These 
costs are based on prevailing material prices at the time of construc-
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tion (1941). Adding the cost of foundation piers to the individual 
bench part costs, Table 3 shows the average cost per linear foot of 
4-foot wide bench to be 58¢ to 60¢ for material only. 

Labor.-Labor costs vary considerably from one locality to an
other, but it is estimated that 200 man-hours would be required to 
cast the parts and erect 100 linear feet of Missouri Concrete Bench. A 
certain crew will be able to make this schedule once they become ac
quainted with the operations. Considerable time is saved by using 
the same labor trained for this job. 

TABLE 3. - AVERAGE COST OF MATERIALS FOR A 4' x 100' 
MISSOURI CONCRETE GREENHOUSE BENCH. 

Piece No Pieces Price Total 
Per Bench Each Cost 

Sides 50 31~ $15.5,0 
Ends 2 44~ .88 
Legs 26 31 l/l~ 8.19 
Bottom 50 51~ 25.50 
Foundation 

Pier 52 16~ 8.32 
Total Cost 58.39 
Avera ge Cost , p er linear foot of materials onl y .58 

Assuming an average labor cost of 50¢ per hour and 200-man 
hours of labor, the labor cost would be $100.00 for a 100-foot bench. 
Adding the pro-rated cost of forms and cost of materials to this figure 
and dividing by 100 would give an average cost of between $1.70 
and $1.80 per linear foot of 4-foot wide bench. 

Oftentimes at the greenhouse, the forms could be prepared or 
filled by the night man and thus utilize "idle" labor at little extra 
cost. If this kind of labor is available, the costs could be markedly 
reduced. 



Fig. 9.-The Missouri Concrete Greenhouse Bench is easily waterproofed 
and adapted to sub-irrigation nutrient g ravel culture. This is a crop of 
lettuce. 

Fig. 10.-A propagation bench at one end of t he Missouri Concrete Green
house Bench, in this case equip) ed with automatic watering from troughs 
bedded in the sand. 



SUMMARY 

1. The advantages of the Missouri concrete greenhouse bench are: 
. (1) durability, (2) permanence, (3) soil temperature modera
tion, (4) strength, (5) appearance, (6) easy adaptability to 
nutrient solution culture, (7) sufficient joints for expansiQn when 
using any method of soil sterilization in the bench, (8) may be 
easily dismantled and moved to a new location or rebuilt over a 
nutrient solution tank, and (9) only three forms are needed for 
casting the necessary parts. 

2. The disadvantages of concrete as a bench material are: (1) 
initial cost slightly higher, (2) greater care in erection, (3) may 
be chipped or broken if given a blow with a sharp or heavy ob
ject, and (4) sterilization with steam or hot water is limited if 
there is insufficient provision for expansion. 

3. Plans for the necessary forms used in constructing the Missouri 
concrete greenhouse bench are shown. 

4. A mixture consisting of 2% parts gravel, 1% parts sand, and 
one part cement is very satisfactory. 

5. Quantities of materials necessary to cast the parts, and set a 
100' x 4' bench are shown in Table 2. 

6. Special attention to accurate placement of the reinforcing wire 
and rods is essential to the strength of the :finished slab. 

7. Each slab should be properly cured to prevent checking and crack
ing. 

8. Each bench part was thoroughly tested by approved engineering 
methods and found to have ample margin of safety above the 
greatest possible actual load condition. 

9: Costs of materials, labor, and forms should average about $1.70 
to $1.80 per linear foot for a 4-foot wide bench. 
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