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A MODEL STUDY
of

SLAB ACTICN IN CONCRETE PAVEMENTS

The study of the destructive effect of loads upon concrete slabs
has been in progress for some time. Contributlons to the literature
have been made by Teller (1), Westergaard (2), Glover (3), and others.*
Recent advances in vehicle deslgn necessitated by the heavy loads
transported by truck and trailer assemblies haveé prompted those in-
terested in the preservation of our highways to make further investi-
gations.

Accordingly John S. Worley, Profesécr of Trangportation Engineer-
ing at the University of Michigan, W. D. Wise of the Fruehauf Trailer |
Company, and Charles M. Ziegier, Stete Highwey Commissioner conferred
to determine how best to proceed with such a study. Consultetion with
A. E. %hite, Director of Engineering‘Research and E. L. Ericksén,
Cheirman of the Department of Engineering Mechanics resulted in the
opinion that a scale model should be quite satisfactory for preliminary
work, It should serve as & means of developing technique and also it

should indicate trends which could be verified later in a full-gize siab.

(1) Teller, L. W. - The Six Wheel Truck and the Pavement, Publie Roads,
October, 1925.

(2) westergaurd, H. M. - Stresses in Concrete Pavements Computed by
Theoretical Analysis, Proceedings of the
Highway Research Board, 1925,

{3) Glover, V. L. - Investigation of the Effect of Wheel Loads Applied
to the Pavement by Six Wheel Trucks - Mimeographed
Report, Bureau of Materials, State of Illinoig De-
partment of Public Works and Bulldings, Division
of Highways.

% See Bibliography.




W. W. McLaughlin, Testing and Research Engineer for the Highway
Department agreed to build a model in the Testing Laboratory at Ann
Arbor. J. L. Byers, Testing Supervisor, constructed the s1ab and lond-
ing devices; and E. A. Finney, Aseistant Testing and Research Engineer
directed the research. Dale Gilliiard of the Depariment of Enginsering
Mechanics placed the gtrain gages and assisted.with many tesis. %. A.
Buyd of the Testing Laboratory and the University assumed the respon-
sibllity for placing structures necessary to the tests and alse
assisted with most of the tests.

The destructive effect of leads upon & concrete slab waa the
principal object of this investigation. Secondary consideraticns were
the determination ef the value of thelSR_A electric strain gage as a
reliable indicatcr for stresses in concrete, asnd a model-prototype
comparisen for concrete sliabg.

4 summary of the tests made en the model and the purpose of each
is as follows:

1. A single axle was equipped with twe, four, and six wheels
and leaded to determine the reduction in strain due to an
incresge in the number of wheels.

2. Twc axles were spaced alt various distences in an effort to
find a spacing which would alleow the system tc be loaded
above the gingle axle load witheut ineressing the strain.

3. Three axles were spaced at various dictances to determine
the effect of each axle upon the strains under the other

axle.



4. Loads were applied at the interior of the slab, at a
lengitudinal edge, at an end or transverse edge, und
gt 8 cornsr. The object was te find the relations
between strains and deflections at these positions.

5. Single leoads on very small areas were applied at s
corner, an edge,.&n& at an interior peoint to obtain

data which could be compared with the theoretical

values obtained from Westergaard's equations.

6. Strainkgages were attached to the under side of the

slab for the purpcse of comparing the tenslon at that
peint wlth the compression above.

7. Subgrades were changed in an attempt te observe the
effects of stiff end scft subgrades upon the strain
and deflection readings.

8. Overloads were applied at various positions in order
to note theé types of fallures produced.

The model served the purpose for whiech it was construnted. It
showed that the additicn «f wheels tc an sxle is net an expedient
method of iﬁcreasing the leoading capacity. It showed that two sxles
could carry a load more than iwice that of a single axle if the proper
axle spacing was used. It gave a set of relations between the stresses
at the center, edge, end, and curner.

From the study of thls mudel, a better idea of the load-deflection-

strain relationship was found. It was seen that strains under wheels at
the edge of the slab are dependent upun axle length. Curves from vhich

an optimum spaeing for axles can be fuund were developed.
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The slab has been ugeful in the development of-tachnique for
applying loads, for mseasuring deflections, and for the application and
“peading of electric strain goges. Hesults from this study are bene-
fictal in the formetion of further studies in bhe problem of loaded pave-
ment plabs. '

" This is a progress report describing briefly the resulbs of the
varions tests without detalled theoretical analysis or methematical
conslderation. The repori is devoted to the properties éf the materi&ls
tested, discussion of the test equipment and loading'technique, neasurs-
ment of destructive effect and study of failures. OConclusions drawn
from the test data are presenbed.

It is proposed in the course of the iavestigation %o carrelaﬁe.
tesbs results with theory. This treatment will be presented laber as
a separate report and will express itrends to expect in the prototype.
Recommendationg will be nade for improving the test methods and for

obtaining obther desired data.



DESCRIPTICN OF ECQUIPMENT AND TEST PROCEDURE

This investigation was a study of the affect of leads, and conse-
quently it was desirable 1o eliminate other effects as much as possible.
Centrolled lsboratory conditiuns seemed to be a selution., In an atmos-

phere of constant temperature and molsture $he sifscts of warping were

minimized, and human as well as mechanical errors were lessened by the
absence of exireme westher conditions.
Materialg:

A wooden form 18 feet by 4 feet by 1# Ilnchesg deep wasg built upen

a conerete floor in the laboratory. Thils was filled with a atabilized
claymgravel subgrade material and vibrated té cmmpaétimn. Bearing plmte‘
tests gave a modulus of stiffness of 2200 p. g. i. per inch at .08
inches deflection.

A concrete slab 15 feet by 33 inches by 2 inehes was cast on this
base. This was & one-eighth scele representation of a pavement sliab.

The aggregate was composed of 3/8 inches »ea gravel and sand. Cylinders'

and flexure beams gave the fellowing results:

Compressive strength at 14 days = A500 p. 8. 1.
Compreasive strength at 28 days = 4900 p. 8. i.

h

Modulus of elastiecity at 1000 p. s. i. 4,800,000 p. 8. i.

1]

Modulus of rupture 700 p. s. 1.
At the conclusion of the investigation on the stabllized subgrade

the slab was removed. 4 six inch layer of sand was placed on the old

subgrade, the slad was repleced eond loaded teo obtain good beering. The
bearing plate test showed that the modulus of stiffness for the new

subgrade was 350 p. 8. 1. per inch.

-5 =



Equipment:

The instrument used 1o indicate the stete of the strain in the
sleb wag the SR-4 strain gage (4). This is a resistance iype zage and
the strains are easily resd directly in micro-inches per inch by means
of a portable strain indicator. These gages were cemented to the siab

surface and electrically connecied to & selector switch. More than 100

such gages were used on the upper surface of the slab, and three rosettes
of three gages each were cemented to the bottom. An arrsy used for the

study of the effect of wheel and axle arrangements at the center of the

glab is showm in Filgure 1, snd the arrangement for the corner gtudy is

given in Figure 2.

Deflections were measured with Federsl one-thouszandth dials. These
were supported by portable wooden racks which were entirely free from
contact with the slah, subgraﬁe or forms. The dlal pattein was adjusted
to meet the needs of the investigation. Fipure 3 is typical of the
arrangenent for center loading, snd Figure 4 1llustrates & deslsn used
in the edge gtudy.

Application of Loads:

Loads were applied through wooden nxle representationsg and tire

impressions reduced to appropriate scale. Tha actuel dimensians ave
given in Plate I. The center shoes represent an axle with {two wheels;
the cuter pairs, four wheels; ond the third shoe was attached inside
the first for the six wheel study. Additicnal shoes, or tire repre-

sentations, were constructed and glotted to permit instellation immed-

ictely above the strain gages.

(4) Nielsen, D. M. - Strain CGages, Dlectronics, December 1943.

-6 -




Figure 1. MAn array of
SR-4 electric strain
gages attached to the
slab for the study of
the effect of various
wheel and axle arrange-
ments at center of aslab.

Figure 2. Strain gage layout
for the corner study.




'Figure 3. Dial arrangement for measuring deflections caused’
by center loads.

Figure 4. Linear dial pattern used in the measurement of
edge deflections.
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Figure 6.

'Figure 5. Superstructure and
~ loading besm used to furnigh
reaction ageinst jack during
loading.

!

Jack and dynsmometer units placed between glab

and beam to produce losd.



The original loading device was a cantilever beam. This was
later replaced by & hydreulic jack. A heavy wooden superstructure and
loading beams were built above the slab to provide reaction for the
jack when the load was applied. This structure may be geern in Figure 5.

The jacks used to @roduc@ the load were the ten-ton Mohawk Porto-
power type. The intensity of the load wag determined by dynamoneter
rings equipped with ten-thousandth dlals. Two such systews in use at
the center of the slab are sghown in Figure 6.

The greatest difficulty to overcome was the distribution of the
load. As the loading patterns became more complicated by the sddition
of wheels and axles, the difficulties in alignment bhecame more pronoun~
ced. Attempis were made in the initin] stages to load several axles with
2 large metal plate. Resulis oflthese e¥periments weras so inconsistent
that better methods had to be deviged. It was finally declided ‘thai each
axle required a sepsrate jack, and the problem then reduced to that of
obtaining uniform pressure upon all of the wheols under the single axle.

The procedure finally selecied was as follews: The grooved shoes
were placed over the gages to be read aznd rubbsr pads were placed upen
them. Thin cardboard shims were then put on top of the rubber pads ond
the wooden axle assembly was carefully placed upon thése. Pressure was
applied to the axle block and the shims tested for tighiness of fit.-
Additicnal shims were inserted above the loose ones until a snug Fit
wag attained. A metal plate ﬁow covered the axle block and the jeck
and dynamomater asgembly was put into positien.

Loads were kept sufficlently low thet the deflection might net

£y

exceed 0.05 inches. Excessive loads were raquired to gel apprecisble
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dei'lection when the slab was wﬁ the stabilized baga, Gowd deflectlon
readings were produced on the sund subgrade, however & limitlog
factor in the loading was the ceunpressive strength uf he woedon wheel
impressions. These would withstand about 1000 peunds ek wlthout
failure.

The rate of loading was neb measured. However, ™ routing es-
tabliished a rather constent rate for all tests execeph . 2 losds to
failure. Deflections were always read at the end of & 3 after
allowing the system to reach stabllity. The increase in ' 2ln read-
ingé resulting from the glow settling of the slab after lurdong dur-
ing a gingle test was only 3 to 5 wlere-‘nohes. The increbéé in de-~

flectionwas not more than 5§ thousandths.



MEASUREMENT OF DESTRUCTIVE EFFEQT

Highway pavement glabs fall because of excessive tenslle streeges
in either the upper or lower surface. This fact allows the use of sur-
face straln as an indication of the destimuctive effect of & load. ¥x-
perience with surface gage plugs on the Michigan Test Road (5) has
proven that the readings are not sufficiently reliable for acourate
comparison. The Carlson stress meter (6) has proved satisfactory but
was not available. The SR-4 clectric gege was investigated and found
very satisfectory when applied te steel. Tests on concrete indicate
guod performance, so it was decided to use these gnges for the model
glab investigation.

Sets of three gages each, one longitudinal, cne lateral snd one
diagonal, were attached to the bottom of the slab directly heneathcor-
respending sets on the top. Loads were applied with results as showm
in graphs A and B of flute II. It was snticlpated that the straine
would be radisl and of about equal intensity when the load wasg imﬁresSQd
through s single wheel. However, the wheel could not be located directly
at the point of intergection of the gage lines without destroying the
gugen, This fact may have caused the digecrepancy in the results.

Graph B is evidence that the sinte of teusion on the bottom of the glab

(5) Michigan State Highway Department - The Michigon Test Rosd, 1942.

(6} Carlson, R. W. - "Five Years Improvement of the Elastic Wire Strain
Meters." Englneering News Record, May 16, 1935.
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under & load is well indicated by ﬁhé compression reading on the top.
This ig very advantageous because of the difficulty of attaching gages
to the bobbom, and the ease with which they mey be cemented to the top.

Graphs C, Plate II, are the result of efforts to compare strain
values in. the latersl and lopgitudinal direction for single axle load-
ing. It is readily seen that in no casé is the lateral sirain more
than 50% of thet in the longitudinal directions. Further studies with
two and three axles show an increase in this ratic to as much as 70%.
See Plate IIT. Compubtation by Fremont{7) based on theory indicates
that on a 7 ineh slab this ratio is about 80%.

Since the excess of longitudinal straln values eover lateral strain
i marked, it was thought thet the mexlmum strain must be in a direc-
ticn closé to the longitudinel, and within the limits of erfor of this
investigation these longitudinal strain readings would be representative
of the state of stress of the pavement for any loading system. Diffi-
culty in the use of roselie arvangements precluded the possibllity of
their use in this model study, but the single gege could basily be
straddled by a grooved block. These facts led to the adoption of the
grooved block and lengitudinal gage as a criterion of the siate of
stress, and consequently an indication of the destructive effsct of

the lead.

trr

(7) Fremont, W, 0, ~ Effect of Variousibadings on Highway Pavements,
Mimeographed Report, Research Laboratory,
Michigen State Highway Department, February, 1942.
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Multiple Wheels on azgingle Axle
- Beoauéé df th;‘ﬁiééént'déy—trend te add additional wheels to

trailer axles-ie allmgﬂffansﬁerﬁationlgf heavy leads, & study was de~
viged to evaluﬁte.the benefité derived frem this pr#ctice, Axles
with 2, 4, snd é wgeeiérwere 1ecéted at the csnter, egdge, and corner
of the éudel. Figuré 7 is tjpical of ﬁhe‘arrangement for center load-
ing, | B

Tt was found that the stress reduction due teo the addition of
wheels was dependent upon the subgrade. The strains caused by a load
upen Qnraxle with four.ﬁheels were 32% lesg than those produced by the
twe whéal sysﬁem, and thé six wheel arrsy gave s reductigﬁ of 23% when
the slab was resting on the gtif{ busge. However, similer tests when
the sand sﬁbgfadé was used showed reductions for four wheels of only
3%, Qnd an increase in strain of 6% for six wheels. Sincé nodulius
tests on the sand indicated approximaiely field conditiong, the latter
figureé are moré indicative af the effects experienced on the road.
Graph A of Plate IV is a sumnary of the data from these sgingle axle
tests at the center of the slab. Graph B of Plate IV shows the rela-
tionship st the edge and Graph C is the corner conditien. The differ-
ences in straing for the various wheel arrangements and the apparent
inconsisgtencies in their order of magnitude seem to indicate thai no :
increase in load is warranted by the addition of extra wheels to an
ax}e.
Two Axles

The alternative methed of adding wheels to support heavy leads
is o add en additional axle. Glovers! {3) repurt indicated thgt thera
is an axle spacing above whiﬁh ﬁhe strains ﬁnder each axle for a .

.11 -
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constant axle load are slightly lower than they are when one axle is
loaded alene. This result was corroborated by the experiments on the
model slab.

Two axles were spsced at the extfeme distance.of 102 inches and
this space was reduced by stages until a minimuan spécing of 6 ilaches was
reached. Deflections and strains were read both for a load on’the first
axle alone and for equal loads on each axle. By this method the strain
and deflection patterns for ome axle could be readlily compared with the
patterns for two axles, end any increase or decrease in strain under the
first axle was easily observed. Figure 6 is an example.of the method
used to losd two axles.

Exemination of Graph A of Plate V shows that the deflection curve
influences a large portion of the slab. The distance between points of
zero deflection measures about 8 feet. The influence of tﬁe lgad ex~
tends beyond this distance because of the small upward deflectiom cub-
side of thege zero points. However, the upward deflection is very |
small so that the slab is not greatly affected beyond a point four feé£
each side of the load.

The stress curve sﬁows that the top of the slab iz in compregsion
within a reglon two feet wide and in tension beyond. There were not
enough gages available to chart the complebe cﬁrve, but the radius of
cucvature of the deflection curve is large in this reglon of tension
so 1% is expected that the values atbained are relatively small. Neo
meagured tensile values exceed 25% of the maximum compressive gtrain.

An attewpt was mede to sﬁéce two axles sufficiently far apart

that ons would not influence thé other. Althqugh the stralns in the

U B
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first sxle area were not measurably affectedlby the second axie load
when the largest available spacing of 102 inches was used, the deflec~
tions were readable.

The curves obtained from the date on two axles at 36 inches is
presented in Graph B of Flate V. At this spacing the deflection curve
is preetically flat at the bottom, and the strain curve shows cnly
slight tension midway between the loads. Graph A of Plate VI shows the
.change in the curves produced by ¢leser spacing. Here the axles are
15 inches apart. Although these curves were plotted from the six wheel
data, they do not differ messurably from the four wheel case.

Curves (B) and (C) in Plate VI present a relation between stress
chonge under the first load caused by the applliesticn of the gecond
load. Graph (C) for the edge of the slab seems to be better than B,
the curve for the interior. The discrepancy was probably-caused by
variations in subgrade modulus or subgrade bearing. The curves are &
good indication that any axle gpacing under 12 inches wust be accum-
panied by a reduction in axle load if the strains are not to be in-
creased beyond those caused by & single axle. Apparentl& a Specing of
25 inches will produce minlmun strains. Since the axle lengths used in
the project were about 12 inches, it may be raughly stated that axles
mgt be gpaced at lengt one axie length apart if the twe axie gystems
are to carry twice the load of = single axle. If the gpacing is twice
an axle length the total lead could be increased about 10%.

Three Axles
A third axle was wsdded to the gystem in order toe ascertain whether

or not the trend found in the two sxle studies contlnued when additionsl

- 13 -
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axles were added. Filgure 8 illustrates heow 3 axle leading was accom-
plished. Deflection and strain éurves for 32 inch and 12 inch axle
spacing are drawn on Plate VII.

It is seen that the straing under the middle axles are greater
then the strains under the outside sxles in these two instances. There

iz a slight reversal in curvature in the deflsction curve for the 32

inch gpacing accompanied by a corresponéing section of the strain curve
reglstering tension. Closer spﬁcing of the axles elininates this effect.
The investigation at the slah center shows that the largest
strain reductiong occur under the inner axle when the spreing is about
22 inches, see Plate VIII, Graph 4, curve (a), and & corresponding naxi-
min reduction is found at 23 inches for the cutside axles, Graph A,
curve (b). These values support the resulis of the two axle study in
which it wag shown that z gpacing of ahout two axle lengfhs praofuced
minimum strain. If no other factors are involved, curve (a) suggests
that in the case of three nxles spuced at 23 inches the axle lozd uight
be increased 15% over the gingle axle load without inereasing the

strain beyond that producad by one axleé.

Fdge Loading

Strein gages were cemented to the slab along a longltudinel edge
and & deflecticn dial pattern wog arranged to permit a study of condi-
tiong al the edge of the slab. Figure 4 is typical of the layout for

edge testing.

The gtrain and deflection patierns for tnis lecation were simi-
lar in appearance Lo thogse found at the slab center with the gualifics-

tion that the amplitudes of the curves were greater. Graph A of Plate

- 14 -
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IX indicates that the gtrains at the edge exceed those for the center
by 2% percent.

The axle spacing effect for the edge was exhibited by Plute VI,
firaph €. The critlceel spacing is seen to be 10 inches, and the spacing
for minimum stress 1s 23 inches. These values are in feir sgreement
with the results of the center study.

In order to study the effwect of the inner wheel upon the strains
under the wheel at the edge, the loading Jjacks were arrsnged so that
gach wheel could be loaded ageparately. The magnitude of the sirain
cangead by loading the Uater‘wheel alone was found. The inner wheel was
then loaded an equal amount and the increases in strain noted. The
gize of this increase was dependent upon the distance between wheels,
being about 20 percent for the regulnr axle length. Graph G; Plate IX

compares the cuter and inner straing. The effect of cther axle lengths

fa]

upon this strain ave shown in Grapb B on Plate VIII. It is seen that
axle lengths under 9 inches yileld rapid increasges in strsin under the
cuteide wheel.

Conditions at the 8lab End

Usually concrete road slebs are jelned at the ends hy some load
tronsfer device such asg slip dowels. However, much wartime congtruc-
tion has been done without this sieel. The model upun which these
tests have been conducted simulates such construction, since thers
were no supporting dowels st the end.

Loads at the end of the slad pruduced strains of nearly equsl

nagnitude in twe directioms: (1) tensile straing along the slab center

w

line with a maximum 2 few inches inward from the leoad, end (2) compressive

- 15 -
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strains undéf the lead in a latefél direction. The lattef gasge ig very
gimilar to édge leading, hutlthe anplitude of the strain;cﬁrVe wag less
than that for the edge beéauae of the flat deflectiun patitern r@#ulting
ffom the narrow glab width. 7The loﬁgitudinal strains ané deflectiéﬂa
for o single axle and for two axles at 16 inches are evhibited un Plate
X.

These gfaphs show that the waxiounm strain iz somewhat reduced by
the apﬁlicatiun of & second axle, while the deflectlons renaln about
the sane. Thefaﬁeunt of such stress reductiun is d%pendant upon the
axle spacing. Graph A of Plate ¥I shows the effeet of the distunce
between axles. This curve reveals a critieal spacing at about 9 inches

and a spacing of 16 incheg to produce minimun strain,

Investipation at the Courner

Figﬁr@ 2 shows the gage lsyoubt and dial arrangemeﬁt along the
iongituﬂinal edge for the corner loading test. In additicn to the
gages along the siab edges, several gages were attached in the dia~
gonal direction. The regular whesl and axie study was repected here,
and in sddition tests were nade for the case of ﬁ single wheel on the
eorner.

The direction of maximun strain for this study was dependent
upon the type of loading. A ssihgle wheel on the corner produced maxi-
mun strain along the dlagonal, certain two axle systems showed gimatér
strains along the diagonal thaﬁ alﬁng the edge, whiie other# gave
.1arger strains at the edge. The gingle axle loading produced maximum

straing along the longitudinal edge.

. 16 -
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Réjsul'.ts of the single a.x.le study at the corner were shown on
Plate IV, Graph ¢. Strain and ﬁeflectign diagrams for the two wheel
case for one axle and fbf two axles abt 12 inches are shown on Plate
XIi; The stress redﬁéﬁion ig Quite noticeable for the axle gpacing
shown. Graph B of Plate XI shows that this value ef axle speeing ia

the spacing which produces minimum stress. The critical spacing is

6 inches.
Stresses due to corner losding excesd: those caused by any other

type of loading. A study of Plate IX shows that the end stresses are

legs than 50 percént af thé corner stresses, adge values sre about 94
percent, and the center values are 75 percent of thosé at the corner.
Graph D, Plnte IX compares the effect of a gingle wh@él lond with that
of a single axle and showe = strain incfease of almést 45 pércent over

the values of axle loading;

- 17 -
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Figure 9. BEnd of slab
showing fallure due to
single wheel at corner
in right foreground,
corner bresk from bo-
dem loading in right
background, ond edge
break ceunsed by semwi-
circular leading arca
in left foreground.

Figure 10. Left fore-
ground: break due to
tanden load. Right:
cracks formed when
loard was applied on
1-3/4 in. cireular
plate et nlab edge.

Flgure 11. Corner break
from axle leading in
left foreground, edge
failure due to load on
_ semi-clreular plate in
center foreground, cor—
ner brsak caused by
‘gingle wheel load in
left bockground, snd
failure from edge load
on l-3/4 in. disec at

ight,




- . . :
Figure 12. Radial end transverse cracks in center
of glab caused by loud on 1-3/4 in. plate. There
was apparently scme shear failure at the point of
load.

4

Figure 13. Foreground: failure from load on semi-
circular area al slab edge. Center: Cracks formed
when excegslve load wos applied on axle with feour

wheels near slab center. Note gome radial cracks

under far wheel. Cracks at left sre continuation

of failures ghown in IMgure 12. :
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A STUDY OF FALLURES

At the cenclusion of the experiment severnl points were located
on the 8lab and loads were applied through varicus devices at these
’ ]

points until the slab folled. Photographs of thege breaks are shown

and graphs are included for the presentaticn of load deflecticn dote.

Strain readings wers taken at two posltions.
Single wheel corner loading produced breaks ncerosg the corner
perpendicular to the dlagonel snd a few inches Inward fron the lead.

Figures 9 ond 10 ghow these failures. Load-daflection and girain

curves are presented on Plate XIII, Graphs A end D. Loads on wheels
in tandem cauged a fallurs between ithe wheely, whereas dual wheels on
an axle broke a large corner scciion. See Figures 10 snd 11 for oic-
turas of the breaks and Graphs B and C of Plate XIIl for the data.
The edge bresks were of two types. ‘The load applied to o seni-

cirecular area at the slab edge caused a local failure, Tt when the

load was transalited through the full sres of the dise conplete trans-

:

verse cracks were formed., Views of these cracks are shown in Figures
10 anc 11. Graphs 4, B, C, D, and B of Plate XIV supply the data.

Figureg 12 and 13 present viewr of the failures resulting from

loads at the intericr of the slab. Plate XIV supplies both deflectlon
and strain data for this test. Graphs ¥ apply to tihe single area caae,
and Graphs G apply to the case four four wheels on one sxle.

An inspectlen of the curves on Plates XIII and XIV reveals the

following: An ultinste load of 4500 pounds was required to cause
fallure for the single wheel at the interier of the slab. The value

at the edge was the same for the fuil disc ares, but reduced to abput

- 18 -




50% of that value when the dlsc was on the extreme edge with only
half the aret on the slab. The load to cause fallure at the corner
wag 40% of the value for the center bresk.

Mn axle with four wheels caused failure at the center when the
load was 6000 pounds. Although the leading area was incressed 300%
the ultimate load was only 33% larger than the velue for the single
wheel. The corner failure in this case regulred a load of 400D
pounds. This is a reduction of 33% below the value for the interior,

tut is twice the value for the single wheel.



CONCLUSIONS

The data resulting from the investipetion seems to suppert the
following conclusions:
1. Loads supperted by single axles cannot be inersased in

proportion to the number of wheels added to the axle.

When the slab rested upon the sand subgrade, the modulus
of stiffuess of which wag cumpsrable to road conditicns,
the strain reduction for four wheels waa'only 3% helow
the two wheel value, and the corresponding strain for
six wheeles showed en increase of 6% above the twe wheel
gtrain. These small varistions are negligibhle and cers
tainly do net warrant an incresge in the number of wheels
per axie a8 o means of decreasing the pavement siress.

2. The toad supperted by two axles can be twice that carried

by n single axle without increasing the strain above that

rocorded for une axle leading providing the two avles are
properly spaced. In the case of this model, this spacing

is from 13 inches to 25 inches, or approximately from cne

te two axle lengths. An opiinum spacing of 18 inches per-

mits a further increase of 10% of the total load.
3. A three nxle system permitted loadings of thiree times

the single axle load for axle spacings aboubt the same

as that found in the itwe axle case. Strains beneath
the middle axle increase rapidly for axle spacings be-

low 13 inches.

- 20 -
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7.

Maximum strains at the center and edge of the slab wers

beneath the load, while those at the end and curner were

a short digtance inward from the load. The strains due

to edge loading were 12% abuve those caused by center
loading, and the strains caused by corner leading ex-

ceeded the straing for the center position by 25%.

| A single wheel at the corner of the slab produced maxi~

mue straing in the directicn of the diagonal, bui an
axle at the corner caused larger straing alomg the
longitudinal edge. The strains due to the single wheel

were 50% greater than thuse caused by the axle.

" Tensile strains on the underside of the slab were

found to be spproximately equal to the compressive
strains on the upper surface.

Deflection and straln values are dependent upen the
subgrade. These curves increased in amplitude sbout
60% when the glab was moved from the stabilized te
the sand subgrade.

Failures due to edge loading produced small edge
breaks only when the load was oﬁ the extreme edge.
Full tire impressivns on the slab at the edge

caused complete transverse cracks. Tandem wheels

on & corner produced a bresk between the wheels.

Single wheel loads caused a combination of radial

eracking and two {ransverse cracks ot pogiiions of

- 23_ -



ma¥inum tensile strain, the radial cracks appearing first.
Axle loads at interior polhts caused transverse cracks

beneath the load.

Future Projects

It is now proposed to cortipue this investigeation on a full size

slab upon which the loads are to be. spplied through actual truck and

trailer wheels. This wlll enable snalysiste to evaluate constants
for actual working conditions and predict the effect of many tyves of

slab loading.

- 22 ~
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Figure 9. End of slab
showing fallure due to
single wheel at corner
in right foreground,
corner bresk from tin-
den loading in right
background, and edge
break caused by sgewmi~
cireulsr loading area
in left foreground.

Figure 10. Left fore-
ground: break dJdue to
tandem loasd. Right:
cracks formed when
load wag applied on
11-3//4 in. circular
iplate at slab edge.

Figure 11. Corner bresk
flrom axle loading in
left foreground, edge
failure due to load on
semi--circular plate in
center foreground, oor-
ner break caused by
‘single wheel load in
left bsekground, and
failurs fror edge lood
lon 1-3// in. dise at
right,




! , , f
Flgure 12. Radial and trensverse cracks in center
of slab csused by lond on 1-3/4 in. plate. There
was apparently some shear fallure at the point of
load.

Figure 13. Foreground: failure from losd on semi.-
circular area ab slab edge. Center: Cracks formed
when excessive load wos applied on axle with four
wheels near slab center. Note some radisl cracks
under far wheel. Cracks at left sre continuation

7

of fallures shown in Figure 12.
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A STUDY OF FAILURES

At the conclusion of the experiment several points were locoted
onn the s3lab and loads were applied through varlous devices at these
points until the slab foiled. Photuographs of these bresks are shown
and graphs sre included for the presentation of load deflection dala,
Strain readings were teken at twe positioms.

Single wheel curner loading produced breaks ascrogs the corner
perpendicular to the dizgonal and a few inches inward from the load.
Flgures 9 and 10 show these failures. Load-deflection and sirain
curves are presented on Flate XIII, Gra#ha A snd D. Loads on whesls
in tandem caused o failure between the wheels, whersas dunl wheels on
an axle broke a lerge comer section. B8ee Fipgures 10 snd 11 for pie-
tures of the breaks and Graphs B and C of Plate XITI for the data.

The edge bresks were of two types. The load applied to & semi-
circular area at the sleb edge caused a local‘fﬁilure, it when the
load was transmitted through the full grez of the dlsc complete trans-—
verse cracks were formed. Views of these cracks are shown in Figures
10 and 11. Graphs A, B, C, D; and B of Plate XIV supply the dnto.

Flgures 12 and 13 present views of the failures rasﬁlting from
loads at the interior of the glab. Plate XIV supplieg hoth deflection
and gtrain data for this test. Graphs ? apply to the single area cese,
and Graphs G apply to the case for four wheels on one axle.

An inspection of the curves'ﬁn Plates XIIT snd XIV reveals the
following: An ultimate load of 4500 pounds was required Lo cauge
failure for the single wheel alt the intericr of the slab. The value
at the edge was the same for the full disc ares, but reduced to ebput

- 18 -
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- 50% of that value when the disc was on- the extreme edse with only

half the area on the slab. The load te¢ cause failure at the cerner
was 40% of the value for the center Lresk.

An azle with four wheels coused fallure at the center when the
load was 6000 pounds. Although the loading area was increased 200%
the ultimate load was only 33% larger than the value for the single
wheel. The corner failurs in this cage regolred a losd of 4000
pounds. This is a reducticn of 33% below the value for the interlor,

but is twice the value for the single wheel.

- 19 -



CONCLUSIONS

The data resulting from the investigatien seems to suppert the
following conclusionss
1. Loads supperted by single axles cannot bs inereased in

proportion te the number of wheels added to the axle.

When the slab rested upon the sand subgrade, the modulus
of stiffress of which was comparable to road conditicns,

the strain reduction for four wheels was only 3% below

the twe wheel value, and the corresponding strain fer
six wheels shewed an increase of 6% sbeve the twoe wheel
strain. These small variailons are negligible and cers:
tainly do net warrant an increage in the number of wheels
per axle &s & weans of decreasing the pavement stress.

2. The load supported by two axles can be twice that carried

by a single axle witheut increasing the straln above that

recorded for one axle leoading providing the twe axles are
properly spaced. In the case of this model, this spacing

ig froem 13 inches to 25 inches, or approximately frowm one

te two axle lengths. An opiimum spacing of 18 inches per-
mits a further increase of 10% of the total load.
3. A three axle syétem permitteod lvadings of three timep

the single axle load for axle spacings about the same

as that found in the twe axle case. Strains bsneath
the middle axle inerease rapidly for axle spacings be-

low 13 inches.

- 20 -
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7.

Maximum strains st the center and edge of the slab wers
beneath the load, while those at the end and corner were
a ghort distance ipward from the lood. The strains due
to edge loading were 12% abuve those caused by center
loading, and the strains caused by corner leading ex-
ceeded the gtrains for the center positicn by 25%.

A single:wheel at the corner of the slab produced waxi-
mum straing in the direction of the diagonal, bul an
axiéQatvéhé corner caused larger sﬁrains along the
longitudin#l edge. The stroins due to the single wheel

were 50% greater than those ceused by the axle.

- Tengile gtraing on the underside of the slab were

found te be approximately equal to the cumpressive
strains on the upper surface.

Deflection and sirain values are dependent upon the
subgrade. Tﬁese curveg increased in aeplitoude obout
60% when the slab was moved from the stabilized to
the:Sand subgrade.

Fallures due to edge loading produced small edpe
breaks only when the load was vn the extreme edge.
Full tire impressions on the slab at the edge
caused complete transverse cracks. Tandenm wheels
ona(wmmrpmmm@ﬂabmmkbﬁmmmiﬁeﬁmds.
Single wheel loadgtcééégé.a combination of radial

eracking and two irangverse cracks at positions of

- 21 -



maxinum tensile strain, the radisl cracks appearing first.
Axle loads at interior polints caused transverse cracks
beneath the load.

Future Projects

It is now provosed to continue this investigetiorn on a full sgize

glab upon which the loads are to be szpplied through actual truck and

trailer wheels. This will ensble mnalyeigts to evaluate constanis
for actual working conditions and prediet the effect of many tynes of

slab loading.
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