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(ABSTRACT)

Foundation construction for spread wall footings
normally involves constructing formwork, placing
reinforcement, and pouring and curing concrete, regardless of
footing size or the amount of anticipated load.
Recently, the Natiocnal Concrete Masonry Association (NCMA)D
has developed a complete foundation system called the Footer
Block system. It was designed to reduce the costs of
foundation construction for 1 and 2 story buildings. The
footer Dblock system consists of interlocking concrete Dblocks
10,2 x 40.6 x 20.3 cm (4 x 16 x 8 1in). EBecause they are
placed with no mortar, delays associated with the curing
process or providing access for corncrete are 1Lnnecessary.

The purpose of this study 15 to compare traditional
cast-in-place footings and the Footer Elock system using

full-scale 1load tests. Full-scale models of each type of

footing were constructed and tested on uniform sand contained




in a special chamber large enough to avoid problems with
boundary affects of the chamber wall on the sand sample. The
chamber 1is designed 1o accommodate the placement of sand
samples that have very consistent and easily duplicated
properties.

During a three month period, four tests were conducted
at the Prices Fork Research Facility. The tests consisted
of forming a sand sample, fabricating the model, loading the
model, and ther removing the sample. From thesze tests,
response to load of the Footer Elock system as compared to a
monolithic wall footing was evaluated, with no significant
difference found. Also, the settlement measurements recorded
were compared to predictions of settlement based on
Schmertmann’s procedure for estimating settlement of shallow
foundations usinc cone penetration results recorded Dby Eid
(1987) on samples with similar properties. Schmertmann’s
procedure provided a range of settlement values depending on
the value of overburden pressure used. The settlement values
0of the footings tested were found to be either at the upper

end of the predicted range or slightly higher than predicted.




ACKNOWLEDGEMENTS

I would 1like to express my thanks to my adviser, Dr.

Robert D. Krebs, for his support, time and many helpful

suggestions. His advice was invaluable in the completion of

this progject. Also I would 1like to thank Dr. Tom EBrandon for
his help 1n setting up the data acquisition svstem and Dr. G.
W.Clough for all his help 1n dealing with the calibration
chamber operation.

Many components had to be fabricated for this project,
and for this I thank the machinists, craftsmen and technicilans
who aided 1n the design and fabrication of these components.
Also I would 1like to thank and the NCHA for
funding this project.

The process of preparing a sample, conducting a 1load
test and removing the sample was very tedious and time
consuming. I would 1like to thank two graduate students for
their time and effort 1n this regard. was
extremely helpful 1n carrying out these processes, and also a
pleasure 1o work with. was also a big help with
the 1load testing.

Lastly, and mosi 1mportantly, I would 1like to thank my
family. Witheut the 1love and support of my parents and two
brothers, , my accomplishments would nct be

possible. I w1ll be forever grateful to them.




TABLE OF CONTENTS

Section

Abstract
AcCknowledgements

List of Figures
Introduction

Test Program

So1l Preparation
Construction of Mcdels
Test Procedure

Test Results

Comparison of Load-Settlement Results to
Predictions Based on Schmer tmann’s Procedure

Summary and Conclusions
References

Appendix: Hand Calculations and Figures

Vita

Page No.
ii
1v

vi

10

14

30

35
37
39

46




Title

7

Figure
Figure
Fiqure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

10

11

LIST OF FIGURES

Sketch of Footer Block Segment
Cross Section of Calibration Chamber
Cross Sections of Footing Models

Top View of Testing Configuration 1in
Calibration Chamber

Settlement vs. Bearing Pressure on
Dense Sand

Settlement vs. Bearing Pressure on
Loose Sand

Standard Cone Tip Resi1stance as a
Function of Relative Density and
Vertical Effective Stress

Footer Block Influence Diagram

Monolithic Footing Influence Diagram

Grain Size Distribution for Monterey
No. 030 Sand

Load Calibration Chart for 12 kip
Load Cell

vi

Page No.

13

18

2t

27

31

41

42

44

45




INTRODUCTION

Traditionally, foundation systems for one and two story
buildings consist of reinforced <concrete footings. These
footings require formwork and a grace period to allow the
concrete to cure adequately. A complete foundation system of
interlocking concrete masonry an:ts was developed by the
National Concrete Masonry Association (NCMAY under the trade
name Footer Block. This svetem was developed Dy the
Innovative Desian Research (IDR) Division of NCMA 1o lower
the foundaticn costs of 1 and 2 story bhuiidings. It can be
used at si1tes where acress to large and heavy ready-mix
concrete trucks 1s restricted or undesirable. Installation of
these Dblocks can e performed by unskilled labor and wall
construction c¢an begiln 1immediately after placement of the
system. The Footer Block system, shown in Figure 1,
interlocks without mortar 1in bhoth directions, regardless of
orientation. The design o0of these units 1 based on the
belief that the most 1mportant functicn of the spread wall
footing 18 the distributicen of load laierally, in a direction
normal to the length of the wall. To span longitudinal
distances, the “arching action" of the {foundation wall 1s
utilized. In g1tuations where the arade beam span

requirements exceed the arching action limits, or where




Figure 1. Sketch of Footer Block System (Popular Science, May 1987)




structural tie-in of foundations 1S reguired by seismic

considerations, tension reinforcement 18 provided
longitudinally at the Dbottom of the foundation. With the
Footer Block system, the additional tension steel
requirements are met through the use of a bond beam located
at the first courg¢e of the foundation wall., 1mmediately abhove
the Footer Block 1tself.

The purpose o0t this research 1is to : 1) evaluate 1the
effectiveness of the Footer Elock system when compared to a
conventional monolithic footing and, 2) compare predictions
of settlement based on the semi-empirical procedure developed
by Schmertmann (1970) to settlement values recorded from the

test results of this preject.




TEST PROGRAM

There are many factors which contribute to the accuracy
of results 1in which a comparigson of two products 1s made.
For this projgect, the Dbiggest concerns were reducing the
possible scaling effects produced when other than full scale
models were used, and also insuring that the so011 conditions
in which the 1tests would be conducted would Dbe constant and
reproducible. At Virginia Tech a 1large scale calibration
chamber was fabricated 1n 1986 Dby Sweeney (1987) and Eid
(1987) {for <calibrating the <c¢one renetrometer and other 1in
s1tu devices. This chamber, shown 1n Figure 2, uses a process
that places or rains a sand sample that has a uniform
relative density. The sample 18 circular with a diameter of
1.5 m (4.9 ft) and a height of 1.5 m (4.9 ft). With such a
large size, a full-sized section of the Footer Block
foundation system and the monolithic footing can be used.

After the sample was 1n place the appropriate footing
section was constructed in the chamber. This entailed placing
the footing section on top of the sand sample and then
constructing a section of wall that was comprised of concrete
masonry Dblocks. The wall was constructed using standard
masonry practices and buillding codes for small (1 to ¢ story)

buildings.
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The models were 1loaded by means of a hydraulic
cvylinder mounted on the chamber which was capable of applying
a maximum 1load of 4535.9 kg (10000 1bs.). 'l:he models were
loaded in 453.6 Kg (1000 1b) increments up to the previously
stated maximum with settlement values Dbeing recorded after
each 1ncremeni was applied.

Five 1load 1tests on the +{footing models were conducted
at the Prices Fork Research Laboratory in the Spring of 1987.
Although model 1loading took approximately one hour to
complete, sample preparation and removal each took four 1o
five hours of work per test. Also, one week was required to
allow the mortar of each model to cure properly. Therefore
the time to complete one test was avproximately 8 to 9 days.
It should Dbe noted that the time required for sample
preparation will be reduced significantly when the
calibration chamber 1s moved to a facility more suited to the
chamber’'s operation. Presently a building at the research
laboratory 1s being prepared to house the chamber and make
the entire operationn much more efficient.

Because no previous tests of this nature had Dbeen
conducted with the calibration chamber, the first test was
used to observe and correct any problems with the testing

procedure. It was during this time the ad)ustments on piston

speed, methods cof recording settlement measurements, and




other such changes were made. The Footer Block and the
monolithic footing sections were tested first on medium dense
sand, and then 1loose sand.

After the models were loaded, the settlement values of
each type of footing were compared by plotting the settlement

ues

ot}

vs. bearing pressure for both sample conditions. These va
were then compared with predictions of settlement using

Schmertmann’s procedure with a Dbearing pressure of 1 ksc

(1 tsf).




SOIL PREPARATION

Monterey # 030 sand was used as the test soi1l. This
sand 1is very uniform and poorly graded which 1s Dbeneficial
when conducting tests that require reproducible conditions. A
sieve analysis was conducted on the test sand and 1is pre§ented
in Figure 10 of the Appendix.

The <chamber 1is designed to rain samples at 1two
densities: medium derise (63%) and loose (24%). These
densities are achlieved depending on the spacing and size of a
series of machined holes 1located on the rainer bottom plate.
The procedure for raining a sample requires the raising of
the sand diffusers at a pre-established interval and height.
For tests on medium dense sand, data from previous work on the
chamber was used 1o determine an 11n-place density ot
1603.4 kg -m”"2 (100.1 pcf) and a relative density of 63%., 1In
contrast, the procedure for railning the 1loose sample was not
completely developed in that the time 1nterval to raise the
sand diffusers was not available. For this reason an
arbitrary time 1interval of 15 seconds was used. After the
sample was rained the volume o0f the sand was measured, and
then after the test, the sand was weidhted. In this way the 1n
place density could be estimated and the relative density
calculated. It was found that Dboth tests conducted with the

loose samples produced an 1n-place density of 15105 kg -m™3

(%94.3 pcf) and a relative density of 23.2%.




It should be noted that for this project a couple of
variations 1n the raining procedure were used. First, the
so0il sample was not sealed with the top plate of the chamber
shell Dbecause the footings had to be placed on the sample
surface. Since there was no top on the sample, no confining
pressure was applied to the sample and the sample did not
need to extend to the top of the chamber shell. This made 1t
unnecessary to use as much sand as normally is used and
thereby saved a considerable amount of time 1n sample
preparation. Also, because there was no confining pressure to
be applied, the sample former, which 18 slightly smaller than
the chamber shell, was not used. Instead, the chamber shell
was used as the outer boundary and therefore a wider sample
could Dbe produced to furiher reduce boundary effects.

After a test was conducted, the test sand had to be
removed for wuse 1n the {fo0llowing test. A 1large industrial
size vacuum machine was used to remove the sand. The sand was
vacuumed 1into a holding unit and then transferred to the sand
storage Dbins. While the vacuum unit was relatively large, the
holding wunit had to be emptied 1nto the storage blns every
five minutes. This and the 1large =s1ze o0f the sample made
emptying the chamber a very time grsuming  process that
usually required four hourg to complete. For more specific

information on the design or operation ot the calibraticn

chamber refer 1o Sweeney (1987).




CONSTRUCTION OF MODELS

Footer Block System

The Footer Block system tested was composed of
interlocking concrete Dblocks with nominal dimensions 10.2 X
40.6 x 20.3 cm (4 x 16 x 8 1in) weighing approximately 10.9 Kg
(24 1bs). The 1length of the {footing section to be tested was
directly related to the diameter of the calibration chamber.

A section with a 1length o¢of 76.2 cm (30 1n)y would provide a
distance of 37 cm (1.2 ft) Dbetween the edge of the {footing and
the wall of the chamlker when the footing was aligned 1in the
center o0f chamber. It was decided that this distance would bDe
sufficient to reduce the Dboundary effects of the chamber when
applying 1loads 1n the ranges used for this project.

After the sample of sand was rained, the sand surface
was leveled off to create a smooth pac 11n which the footer
blocks would be placed. This leveling procedure was carried
out with the intention that the final, more accurate 1leveling
would bLbe conducted as the first course of concrete Dblock is
placed. The footer blocks were then placed one at a time on
the pad using a string line to 1nsure the footing was aligned
properly. It should be noted that the only connection between
adjacent blocks was t1he grooved 1Interlock on the vertical
face of each block., At this time a truss and ladder typre
reinforcement with 0.5 cm (3716 1n) diameter longitudinal
wires was placed on the top of the {footer Dblock system. The

blocks have twce horizontal grooves decsi1gned to align the

10
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reinforcement. Once the reinforcement 1is placed, a generous
amount of mortar 1s applied to the base of the foundation
Just as one would for a conventional cast-in-place footing.

Cast-in-Place Footing

Because it would be 1impossible to actually pour a
footing section inside the chamber without considerable waste
ot the testing sand 1t was decided to use a model that would
simulate a conventional monolithic. cast-in-place footing.
After viewing building codes for spread wall footings, 1t was
decided to use a section of lintel as the monolithic footing
section. The 1lintel was composed of three U-shaped concrete
blocks that were fi1lled with concrete along with four # 5
reinforcement bars. The 1lintel was cut with a concrete saw 1o
the same 1length of 76.2 cm (30 1n) as the footer Dblock
section, and had a width of 30.5 cm (12 1n) and a height
of 20.3 c¢cm (8 1in). The 1lintel, or monolithic footing, was
lifted 1nto the chamber and placed on the leveled sand
surface with 1lifting hooks that were welded to the footing.
A string 1line was wused to 1nsure proper alignment of the
footing section. After the 1footing was placed, a mortar bed
was again prepared to lay the {first <course of concrete
blocks.

construction of wWall Section

Once the footing sections were 1n place, the rest of

the construction was the same for Dboth types of footing




1e

systems. This consisted of two courses of concrete bleock 1in
which the first course contained two Dlocks and the second
course one block. When the first course o¢f Dblock was placed
on the bed of mortar the final 1leveling was completed using a
masonry 1level. Because the 1load c¢ould c¢nly be applied at the

center of the chamber 1t was 1mperative that the models Dbe
centered within 1he <chamber and the wzlIls be 1n 1line or
straight. Without this accuracy the model could Dbecome
tilted or oversiressed 1n one area which would considerably
reduce the accuracy ot the results. Cnce the models were
completed they were both 61 c¢m (24 1r) high from the sand
base to the top c¢f the second course <o hiock. A cross section
of the meodel configuration can Dbe sesn 1n figure 3. Once
construction of 1the model was compleied the mortar was
allowed to cure one week Dbefore applying 1loads.

The two types of {footings were =similar 1n both
appearance and dimensions except that +*he Footer PBlock system
had a width of 406 c¢m (16 1n) and the monolithic {footing had
a width ot 30.5 cm (i2 1n). Therefore, the Footer EFlock
system utilized more area to distribute the eapplied load then
the monolithic footing section. Also, the monolithic footing
system contained a higher-strengthh reinicrcement then the
Footer PBlock section. However, with uriform so1l conditions
and a uniform compressive load application, the reinforcement

was not seen as a significant factor :rn 1coting behavaiar,
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TEST PROCEDURES

The calibration chamber 1i1s equipped with a hydraulic
cylinder mounted on a 1load frame which acts 1like a large
mechanical press to insert a cone peneirometer 1hto the sand
sample. It was determined that this 1loading arrangement
could be modified and used {for this progect. The 1o0ad frame
consisted of two wide flanges, as columns, and two structural
channels mounted khack to back with the cvlinder 1nstalled
between the channels at a helght of 2.1 m (7 ft3} above the
base of the wide flange columns. The reason the cylinder 1s
located so far abpove the chamber top 18 to enable a cone
penetrometer and 1its accompanying drill rods to be attached
to the c¢ylinder lDbefore penetration, The piston force 1is
generated by a 2 H.P. hydraulic pump having a flow control
valve to control the speed of cone penetration and a pressure
relief valve to control the magnitude of the 1load applied.
Since the footing models were only 61 cm (24 in) high, there
would be a large distance bhetween the cylinder and the
application of 1load. For this reason the distance between
the c¢ylinder and the hase of the columns was reduced by
drilling an 1dentical pattern of holes 11 the columns toc the
pattern used at the top of the columns and then lowering the
channels or c¢ross heam. A distance of 091 m (26 1y between

the cross heam and the ase of the columns was chosen as

adequate 1n provide spac

D

for the model and the 1lcad plate.
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The load plate consisting of a base plate 20.3 x 30.5
cm (8 x 12 1n) and 25 cm (1 in) was designed and machined at
Va. Tech. Welded to the middle of this plate was a solid
steel rod 5 cm (2 1n) in diameter and 5 cm (2 1n) long. The
end of this rod, or the point of load transfer between the
cylinder and the model, was spherical to 1insure that the
connection to tne <cylinder would Dbe moment-free. If the
connection were r1191d, a load applied offt center would

produce a momenti large enough 1in the cylinder to damage the

seals.

Because the load was applied 1ncrementally, there was no
need to control piston cspeed. Therefore, the flow control
valve was 1lett open. The magnitude of 1load applied was

regulated by changing the pressure relief setting otf the
hydraulic pump. A 12 Kkip load cell was 1nstalled between the
cylinder piston and the 1load plate and <connected to a
voltmeter. By knowing the calibration factor of the 1load
cell (280.25 Fkg-mv) and reading the voltage output from 1ihe
voltmeter, the maanitude of 1load could bre calculated. As a
result the magnitude o0f 1oad applied could Dbe 1ncreased
incrementally Yy 1ncreasing the pressure relief setting of
the hydraulic pump.
Ordinarily, the 1load frame 15 Dbeclted to the chamber

top plate, whichk seals the sample 1n the chamber. Since the
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top plate was not used, another method of sercuring the {frame
was needed. This was accomplished by desianing two load frame
plates that attached to the 5 cm (2 1in) flange to which the
top plate of the chamber 1is usually bolted. The plates, which
were machined at Va. Tech, were 76.2 x 12.7 cm (30 x 5 1in)
and S5 c¢cm (2 1n) thick. A series of seven 3.2 cm (1.25 1in)
holes corresponding to the hcles used 1o holt the top plate
down were drilled 1i1n the plates. Also a series of holes
corresponding to the holes located on the top of the chamber
plate used to Dbolt the 1load {frame 1to the 1top plate were
machined. In this way the 1load iframe was bolted directly to
the calibration chamber without any c¢changes being made 1n
either the chamber or the load frame.

Because 1t was desired to simulate ti1eld conditions as
closely as possible, the effects of overburden pressure on
the footing models had to be taken 1into account. In order to
facilitate this, 100 1b Dbags o0f monterey # 0730 sand were
placed on each si1de of the models. A total of five bags were
stacked on each side of the model 1In an area ot approximately
2.5 square feet to produce a surcharge ot ¢00 pst around the
footings. while every effort was made to simulate the actual
overburden pressures encocuntered n the fisld, 1t 18
recognized that phvsical constraints of the model prevent an
exact value of surcharge being obtained. From Figure 3, one

sees that there 15 a gap bhetween the maedel and the bags of



17

sand. Also the distribution of pressure from the bags was
assumed to be constant when in fact the exact distribution is
unknown. And the ends of the models were left unconstrained
because there was no room to piace sand bags between the
footings and the chamber wall. Therefore the overburden
pressure was assumed to vary from 100 pst to 300 psf when
predicting the settlement of the footing sections. In this
way a range o0f expected settlement can Dbe obtalned and
compared with the observed settlement of the footing
sections.

The total load to Dbe applied was 1limited by the capacity
of the hydraulic pump and was 45259 kg (10000 1bs), applied
in 1ncrements ot 453.6 kg (1000 1bs). Settlement was
measured after each 1load 1nterval, as with a standard plate
load test, using two procedures. Assuming that the footing
sections responded as one rigid unit, settlement was measured
with a dial gauge 1located at the center of the {footing. This
dial gauge was attached to the cylinder mounts of the cross
beam and was able to detect movemenis of the footing sections
of .0254 mm (.001 1n). Secondly a survey of the footing
model was taken wusinag a standard transit capable ot taking
measurements 1o .25 mm (.01 1in). Both these methods have the
degree ot accuracy required for the settlements eXxpected for

this project. The survey was taken for two reasons: as a
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check to the accuracy of the dial gauge readings, and as a

method to detect any tilting or uneven settlement within the
model. A drawing of the survey points used is provided 1in
Figure 4, and the location of these points wés the same for
every test. From this drawing one sees that the survey was
taken with shot # 1 and # 4 at the corners of one end of the
model, and shot # 3 and # 5 at the other. Felative
elevations were taken at both ends and the middle of the
footing models to detect differential settlement within the
footings, and also to 1insure no tilting of the models was
occurring during application of load. Tilting of the model
would 1ndicate uneven distribution of the load by the
footings or that +the application of the 1load {from the
cylinder was off center. Either of +these situations could
cause damage to the cylinder and complicate interpretation of
the test results.

The procedure used to conduct a test on a footing model
was the same for each footing. After the sandbags were placed
the 1load frame was Dbolted on the chamber. Refore the 1load
frame was 1n place the cylinder piston was moved 1n and out
0of the cylinder several times to 1nsure that the hydraulac
hoses contained no air, which would cause an 1haccurate
measurement of the magnitude of load applied. Once the IJoad

frame was secured on the chamber, the 1lo0ad cell 1located on




the cylinder piston was connected to a voltmeter and the dial
gauge was clamped on the cross beam. Running a test required

three people Dbe present. One person stayed on top of the
chamber to read the dial gauge and hold the measuring rod for
the survey; another person controlled the pressure relief
valve to malntain a constant load while measurements were
being taken; and a third perscoen ran the transit and recorded

all measurements. As stated wearlier, the lcad was applied
incrementally in steps of 453.6 kg (1000 1bs) to a maximum of
4535.9 kg (10000 1bs). Also, once the maximum was reached,
the load was reduced to 2723.4 kg (6000 1bs) and then 9S07.8 kg
(2000 1bs), and finally 1ncreased Dback uw» to 4535.9 kg
(10000 1bs). Once the tests were completed the load {frame was
removed and the footing models were inspected for any visual

evidence of cracking or 1rregularities.

While the models were 1loaded to approximately twice
the allowable foundation 1locad, the 1loads applied were well
below the Dbearing capacity of both the medium dense and Ioose
samples. Using a footing widih of 1 foot and assuming a
uniform sand sample the bearing capaclty of a footing on a
medium dense sand (Dr=63*%) 1s 5.5 ksc (11000 pst), and the
capacity of a footing on a lcose sand (Dr=c3%5 18 2.5 ksc
(6500 psf). The maximum Dbearing rpressure apnplied to the

footing sections was 1.6 ksc (3200 pst).




TEST KRESULTS

The resulls {from the 1last {four tests can be seen
in tables 1 thru 4. These tables contailn the bearing pressure
applied, the di1al gauge displacements and the survey of tylhe
footing section. From the survey 1t 1s seen that the two
corners at each end of the footing sections have relatively
equal settlements. A difference 1n gettlement of 3 mm
(0.12 in) 1n adjacent corners was 1he maximum amount
recorded. Based on the accuracy desired for this project,
this differerice 1n settlement had no significant effect on
the test results.

The settlement of the model was measured directly with
a dial gauge and checked with shot # ¢ o0f the survey. Figures
5 and 6 are grarhs of settlement vs. bearing pressure. The
Footer Block system 1is designed mainly for one and itwoe story
buildings with bearing pressures up to 1 ksc (2000 psf). The
plotted resnlts shew that for bearing pressures up to 2000
psf, settlemert of the Fooler Elock was nearly the same as
that of the monolithic footing, the ogreatest diffierence heing
2 cm (0.08 1in). As 1the pressure was 1lncreased above 1 Ksc
(1tsf) the settlement of the {footing sectionsg became 1ess
consistent in all casges. Results show that with 1he looge
sand, the Footer Block section settled less than the

monolithic footing, while the opposite was true for the

21



Table 1. Settlement Measurements of Monolithic
Footing on Medium Dense Sand (Drz=63<)

Bearing FPress.

Dial Gauge

Survey of Footling
Displacement (in)

(pst) Displacement (in) #1 #2 #2 #4 #5
0 0.000 cb.75 26.75 26.81 c6b.69  26.63
400 0.031 26.75 26.69 26.69 26,69 26.63
800 0.085 c6.75 26.75 26.31 e6. 75  26.75
1200 0.152 c6.81 2h. 81 ¢h.88 26,75 26,75
1600 0.223 chH.88 ch, 88 c6.94 26,81 26.58
c000 0.333 ct.94 c7.00 c?.06 ¢6.88  27.00
2400 0.430 27.00 27.06 27.19  26.94 27.13
2800 0.539 27.06 27.19 27.31  27.00 27.25
3200 0.734 e7.19 27.38 27.56 27.13 27.90
Settlement 0.734 0.44 0.63 0.75 0.44 0.87




Table 2. Settlement Measurements of Footer

Block on Hedium Dense Sand (Dr=63-)

Survey of Footing

Bearing Fress. Dilal Gauge Displacement (1)
(psf) Displacement (in) #1 #c #3 #4 #5
0 0.000 26.06 26.00 26.19 26.13 26.31
300 0.025 c6.06 26.00 2b.¢5 26.19  26.38
600 0.083 26.06 26.06 c6.31 26.¢5 26.44
900 0.139 26.13 ¢6.06 26.38  ¢h.2S  c6b.44
1200 0.206 ch.19 26.19 chH. 38 26.31 26.56
1500 0.276 26.25 26.25 26.50 26,38 26,63
1800 0.365 26.31 £6.21 ¢6.56  26.44 26,69
2100 0.459 26.38 26.44 26.69 26.44 26.75
2400 0.546 c6.44 26.50 26.81 26.56 26.81
2700 0.684 ¢6.56 c6. 63 26.94  26.69 27.00
3000 0.899 ¢6.63 26.75 27.06 e26.75  27.13
1800 0.773 26.69 26.75 c?7.06 2675 27.12
600 0.727 26.63 26.75 c7.00  26.75 er.13
1800 0.773 26.63 26.75 27.06  26.75  27.13
Settlement 0.899 0.56 0.75 0.88 0.6c 082
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Table 3. Settlement Measurements of Footer
Block on Loose Sand (Dr=23%)

Survey of Footing

Bearing Press. Dial Gauge Dignlacement (1n)

(pst) Displacement (1n) =1 # #3 #4 £5
0 0.000 24.25 c4.44 24.63  24.38 24.81—_

300 0.0%0 24.25 24.56 c4.69 24.44 24.81
600 0.175 24,31 24.63 c4.69  c4.44 24.%4
S00 0.273 b . 44 24.69 c4.81 24.56  ¢5.00
1200 0.416 ¢t .59 c4.81 25.00 24.49 25.19
1500 0.610 ch4. 7% 24.94 c5.12 24.88 25.31
1800 0.773 24.88 25.13 c¢5.31 25.00 25.50
2100 0.9¢26 25.06 25.38 25.44 25.13 25.63
2400 1.136 e5.19 25.50 25.69 25.38 25.88
2700 1.359 5. 44 5. 69 25.94 25.56 ¢26.06
3000 1.564 25.63 25.94 26.13 25.7%  26.31
1800 1.534 25,62 25.94 26,06 25,69 26,31
600 1.491 ¢5.6% 25.88 ¢6.13  ¢25.69 26.¢5
1800 1.533 c5.63 25.94 26,13 25.75 e6.31
3000 1.619 ¢5.69 2h.00 26.13  25.81  26.35

Settlement 1.619 1.44 1.54 1.56 1.44 1.56




EBearing Press.
(pst)

Survey of Footing
Displacement (1in)
ement (In) #1

#e

Table 4. Settlement Measurements of Monclithic
Footing on Loose Sand (Drz=23%)
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medium dense sand. The reasons for this behavior are unclear,
but are 1likely due to elther experimental error or to some
form of scale effect associated with the fact that the Footer
Block system and the monolithic footing are not the same
size.

Based on the four tests ccnducted on the fnoting model
some general commente concerning the footer Dblock system can
be made. The tests conducted verify that the footer Dblock
system settles essentially the same amount as traditional
monolithic footings when equivalent loads are applied. Also
possibly Dbecause of the 1interlocking characteristic of the
Footer Blockes, the Ilocks act as a single unit and distribute
the 1load evenly throucghout the foundation. It 15 entirely
possible that where selsmlc actlviltles are not present, the
footer block system needs no additional reinforcement besides
the 1interaction betiween adjacent hlocks. While 1t may not
necessari1ly e true that the Footer BRlock system provides a
better foundation than traditional footing svstems, 1t does
previde a system that crerates as well as traditional
systems. The advantages of this system are related to the
construction environment and procedure, The fact that this
system 1s hand placed with no grace reriod hetween ifoundation
placement and wall construction 1s of dgreat 1mportance to

small consiruction projects, since 1t decreases the c¢osts of

n
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such proJects with regards to skilled labor and time needed
for construction. Also with the segmented {footing units, the
use of this system 1s not dependent on limitation of access
of large equ/lpment such as concrete mixing trucks.

While the footing block system performed quite
satisfactorily in the tests conducted, there are some polnts
to keep 1n mind when evaluating the system. At loads above
the recommended allowable 1load the performance of the Footer
Blocks 1s still unclear. There 1s the possibility of chamber
boundary eftferts at higher 1load 1levels. Also, 1these tests
were conductied on a specific typre of so0il (Monterey # (0730
sand) under laboratory conditions and care must be taken in

applying the resulis 1o other soils and to field situations.




COMPARISON OF LOAD-SETTLEMENT RESULTS TO PREDICTIONS BASED ON
SCHMERTHANN'S PROCEDURE

It 1s of 1nterest to Kknow the extent 1o which the
results from the four 1load tests are similar 1o what one
might expect based on past experilence with field
measurements. For example, do 1loose and medium dense sands 1n
the {field wundergo the same settlement wlth the same
conditions of lcad as shown Dy the sand 11r the test chamber®
Or, conversely, 18 there something different akbout

naturally-occurring sand deposits that makes them Dbehave

.

differently under 1load from artificially prepared samples?
These gquestions will he examined 1n this sgection.
Field experience, together with raticnal thinking, 18

summarized 1n seml-empirical design tormulas for calculating

[SY

settlement 1n sands under 1oad. There re many such formualacs,
with one of the more popular being the Schmertmann formula,
which uses results of cone penetration testing (qc) 1o
estimate settlement of shallow foundations. Schmertmann’s
formula 1s based on rational thinking coupled with a large
amount of actual {ield measurements. Accordingly they provide
an approximation of the accumiulative experlence wlth the
setilement of shallcew foundations on sand 1n the fleld.

Previous work Iy £1d (19877 with the calibration
chamber rproduced a larae data base for tin resistance values

of medium dense and loose sand as a ftunction of vertical

~—
-

o
17

effective pressure. Thiz data 1s @presented 1n

1suare 7.
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shown, when dealling with overburden pressures below
0.4 ksc (0.4 tst), the accuracy wof the ti1p resistance
obtained depends a great deal on value of vertical effective
stress used. At stresses o0f 1 to 2 ksc (1 to 2 tsf), a 10%
variability 1in the vertical stress used produces almost no
change 1n the tip resistance value obtained. Yet a 10%*
variability at vertical stresses Dbelow 0.2 Kksc (0.2 tst)
results in a significantly different value o0f tip resistance.
As stated earlier, the actual effect of the surcharge used
with the footing sections was appreximated to Dbe 0.1 ksc
(0.1 tsf) with the total vertical effective stress being (.15
ksc (0.15 tsfy. In order 1o provide fOr any 1naccuracies 1n
the approximation of this wvalue, a range from 0.1 ksc (0.1
tsf) to 0.2 Kksc (0.2 tsf) was used. These values were used to
obtain a range of tip resistance and a corresponding range ot
predicted settlements wusing Schmertmann’s procedure. Details
of the calculations used are presented 1n the Appendix and

le 5,

il

the results reported in Ta

From Table 5 1t 15 ewvident that 1n three cases tne
observed values are sii1ghtly higher then the predicted range,
and in the other case, at the high end of the predicted
range. It 1s 1likely 1hat the reason for 1this trend 1s the
nature of the artificrally prepared csamples. These samples,

prepared in the laboratoery, have rTelatively no stress




Table 5. COMPARISON OF THE RANGE OF PREDICTED SETTLEMENT VALUES
WITH OBSERVED VALUES

Medium Dense Sand Loose Sand
(Dr=63%) (Dr==23)

Footer Block Monolithic Footer Block Monolithic

Predicted kKange 0.34 - 0.18 0.28 -0.14 0.97 - 0.46 0.79 - 0.37
of Settlement

Observed Values 0.42 0.33 0.87 1.0e

x Settlement Value Units - (inch)
*x All Values Ohtained at =1 tsf
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history. Whereas field so01l1, either through cyclic wetting

and drying, previously applied 1oads, or some 1ype of
vibrational action, always has some significant stress
history. Almost all of Schmertmann’s data 1is from field

testing.




SUMMARY AND CONCLUSIONS

From the results of load tests conducted on footing
sections on 1loose and medium dense sand 1in this study some
general statements can be made as follows: 1) Based on the
construction of the footing sections under eXxperimental
conditions., the Footer Block system 1S much simpler and less
expensive 1o construct than a poured footing. 2) This study
demonstrates that footing 1load tests <can Dbe <conducted
successfully in the Virginia Tech calibration chamber as 1long
as loads of less than 4535.9 kg (10000 1hs.) are used and
boundary etftfects are minimized by 1lim:iting the si1ze o0f the
model tested. 3) For both 1loose and medium dense sand tested,
there is no significant difference Dbetween the performance of
traditional cast-in-place footings and the Footer Elock
system. 49 Settlements ot footings observed 1n the
calibration chamber are larger than would be predicted
considering the relative density of the sand. It can be shown
using Schmertmann’s procedure that at the same relative
density, the predicted se*ttlement of the footing sections 1in
the chamber 1s higher than expected for 1ithe 1test sample,
probably because field s011 has a stress history considerably
different from the normally consclidated, rained samples 1in

the experimental chamber.
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There are still questions to be answered 1in order to
more fully understand the results of this study. Additional
valuable research 1n this area would ke to test circular
footings 1n the chamber. This way the boundary effects of the
chamber would Dbe equal on all sides of the footing. Also 1t
would be Dbeneficial to determine the actual 1influence of
strain throughout the sand sample Dby 1installing strain gdgauges
or pressure meters in the chamber and then concduciing lioad

tests on the sampiles.
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APPENDIX

Prediction of the Range 0f Settlement Using Schmer tmann’s

Procedure and Values of Tip Resistance ERep
p=q Z({Iz-/Es)Az
Medium Dense Sand (Dr=63%)

Range of Tip Resistance (qc): 40 tsf (c
20 tsf (o

oo

Es = 3.5gc; ERange ¢1 Es: 140 tsf - 70 tst
Footer Block: (Es = 140 tsf, g - 1 tsf)

Referring to the Influence Diagram of the

orted by Ei1d4 (1987)

0.2 tst)
0.1 tsf)

Footer Block (Fi1g9.8)

Depth (1n) Az (1) 1z (1z7Es)Az
0~-16 1.3 0.480 0.005
16-32 1.3 0.630 0.00¢6
32-48 1.3 0.375 0.004
2 0.015

p = (1 tsf2(0.01%) = 0.015 ft C.18 1n.

Footer Block: (Es = 70 tsf, q = 1tsf)

Depth (1in) Az (T 1) 1z (Iz-7Es)AZz
0-16 1.3 0.480 0.009
16-32 1.3 0.630 0.012
32-45 1.3 0.375 0.007
2 0.028

p (1 tst)(0.028) = 0.028 ft = 0.34 1in.
Monolithic Footing: (Es = 140 tsft, g = 1 t

Referring to Influence Diagram of Monolith

st

1c Footing (Fi19.9)

Depth (1n) Az (£t Iz (I1z7EsYAz
0-1¢ 1 0.480 0.00324
1ie2-¢4 1 0.6320 0.0045
24-36 1 0.375 0.0027
36-428 1 0.130 0.0009
2 0.012

p = (1 tsf)(0.01¢) = 0.01e2 ft = O0.14 1in.
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Monolithic Footing (Es = 70 tsf, g - 1 tsf)

Depth (1n) Az (ft) 1z (Iz-Es)Az
0-12 1 0.480 0.0069

12-12 1 0.630 0.00850
24-36 1 0.375 0.0054
36-48 1 0.130 0.00169
2 0.023

p = (1 tsf)(0.023) = 0.023 £t = 0.28 1in.
Footer Block: Lonse Sand (Drz=g3%)

0.2 tsf)
0.1 tsf)

Range of Tip Resistance (gcl: 15 tsf (o
7 tsf (o

Es = 2.5qc; Range of Es: %2.5 tsf - ¢4.5 tsf
Footer Block: (Es = 52.5 tsf. q = 1tsf?

Use the Same Depth Increments and Influence Factors as
Medium Dense Footer Block Calculations.

Z (Iz7Es)Az = 0.038

p = (1 tsf)(0.038) - 0.038 £t = O0.46 1n.
Footer Block: (Es = 24.5 tsf, g - 1 lst)

>z (Iz7Es)Az = 0.081

p = (1 tsf)(0.081) = 0.081 ft = 0.97 in.
Monolithic Footing: (Es = 52.5 tsf, g = 1 1sf)

Use the Same Depth Increments and Influence Factors as
Medium Dense Monolithic Footing Calculations.

Z (lz-Es)az - 0.031

p = (1 tsf)(0.031) = 0.031 ft = 0.37 1in.
Monolithic Footing: (Es = 24.5 tsf, g = 1tsf)
S (Iz7Es)Az = 0.066

p = (1 tsft)(0.066) = 0.066 £t = 0.79 1n.

the




Depth
Ratio

(Z27B)

0 15 30 45 60 75
1
2
3
Ve
7
e
7
e
7
e
4 4
Izmax = 0.5 + 0.1(gq70)"0.5
where q = 1 tsf and o = y(at depth = B) + surcharge = 0.15 tst
Izmax = 0.5 +» 0.1(170.15)°0.5 = 0.76

Figure 8. Footer Block Influence Diagram
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DEFINITION OF TERMS USED IN THE AFPPENDIX

- Settlement (1n)
- Intensity of Load (tsf)
- Strain Influence Factlor

Elastic Modulus ot the Sand Med:um

i

- Thickness of Layer (in)

- Cone Penetration Tip Resistance (tst)

!

Width Correction Factor
- Vertical Effective S1iress

- Unit Weight of So011 (pct)
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Load Cell Calibration Chart

Calibration Pactor = 280.23 kg/mvy
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Figure 11: Load Calibration Chart for 12 Kip Load Cell
(After Sweeney, 1987)
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