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ABSTRACT

The report summarizes the findings of the research on the
susceptibility of reinforced concrete slabs of beam-slab type highway
bridges to shear punch failure due to the wheel loads. The investiga-
tion reaffirms the assumptions made in the development of the analysis
scheme to predict the overload response of the above mentioned bridges
("The Inelastic Analysis of Beam-Slab Highway Bridge Superstructures,"
by W. S. Peterson and C. N. Kostem, Fritz Engineering Laboratory Report

No. 378B.5, Lehigh University, 1975).

The investigation included a review of literature on shear
punching of bridge decks due to patch loads, and five parametric investi-
gations covering a wide range of deck slab and wheel loading configura-
tions. The patch loads considered correspond to the wheel loadings of

trucks and the dollies of special vehicles.

It has been conclusively found that the bridge decks will not
undergo shear punch failure due to the single or tandem wheels of over-
load vehicles. The mode of failure is essentially due to the flexural

behavior.



to the surface of the come, excluding the top and the bottom surfaces,

exceed a given ultimate tensile stress level,

1.1 Assumptions Made in the Overload Analysis of Bridges

As required in any analytical investigation certain assumptioms
were to be made in the development of the scheme to predict the overload
response of the bridge superstructures. A detailed description of the
assumptions made and their implications have been described in Reference 10.
All assumptions, if they had limiting characteristics, were cited accordingly.
Furthermore the assumptions that are representative of the actual physical
phenomenon, which had been verified by previous experimental and analytical

investigations, were also elucidated (Ref. 10).

The assumption of prime importance dealt with the mode of inelastic
response of the bridge superstructure, It was assumed that the main source
of the initiation as well as the propagation of the inelastic behavior,
and eventually the damage, of the superstructure was due to the bending of
the deck slab and the beams, The accuracy of this assumption has been
demonstrated in five comparative case studies. These bridges were field
tested elsewhere and reported in the literature. Their overload response
and the type of damage were amalytically predicted through the tools
developed in the parent research program (Ref., 10). The comparisons for
all cases have clearly indicated a good agreement between the test and the

analytical prediction.
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1.2 Problem Statement

AA limitéd number of beam-slab highway bridges were field tested,
under simulated design loads, to define lateral load distribution and slab
behavior (Ref. 14), It was noted that when the wheels of the test wvehicle
are near, and especially on, the location of the slab that has been instru-
mented, through the use of electrical resistance strain gages, there are
marked peaks in the slab strain. Some researchers have felt that this may
be due in part to the possible trend towards the development of '"quasi-

shear-punch-cone,'" and in part due to the local effects produced by the
wheel load., It was further believed by some that in the case of the over-
load vehicles, the shear stresses will increase due to the increase in

vehiclular weight and the deck slab will fail through the formation of the

"shear punching' rather than the flexural overstressing, or possibly both,

The inclusion of the provisions into the developed analysis
scheme that will account for the possibility of shear punching for various
levels of nonlinearity and the progression of the damage to the bridge
superstructure would require major changes (Ref. 14)., The changes, if
required, would make the developed analysis scheme so unmanageable that
it may be less expensive to have the overload vehicle traverse the bridge
and either partially or totally damage the superstructure and have the
bridge replaced; rather then prior to the traverse of the vehicle predict
the possible damage and either issue or deny the overload permit through
the use of the developed analysis scheme. The extraordinary increase in
the cbst of the prediction of the overload response of the bridge super-
structure via an analysis scheme which will inherently include the shear

punching as compared to the already developed metho&ology (Ref, 10) is due
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to the basic classification of the elasticity problem, The prediction
analysis with shear punching leads to inelastic analysis of three dimen-
sional solids with highly irregular geometry, i.e. bridge superstructures.
Problems of this complexity have not been attempted as yet. The prediction
analysis without shear punching leads to the inelastic analysis of plates,
i.e. bridge deck, and beams, which has already been accomplished by the
researcher (Ref. 10). However, if the overload vehicles can induce shear
punch failure in the bridge deck slab, then the predictions made for the
possible damage to the bridge would be totally incorrect. A situation as
such would dictate the activation of certain provisions either in the analysis
scheme, with or without some gross approximations and consequently with loss
of reliability in the results, or the initiation of further research in the
control of shear punch failure, All possible alternatives would have led to
major investments of funds and time to handle the shear punch problem as far

as the overloading of bridge decks is concerned.

It has been decided that rather then undertake a major research
on the shear punching, efforts should concentrate on (l)'identifying the
shear punch failures reported in the literature and relating them to over-

load vehicles, (2) through simple models, defining the load levels and the

size of the patch load area that will induce the shear punch, (3) through
analytical studies relating the maximum shear and temnsile stresses in the
deck slab that are related to shear punching to the maximum tensile and
compressive stresses that are related to the cracking or crushing of the
concrete due to flexure in order to find out whether the shear punch
failure occurs prior to the flexural damage, and finally (4) trying to

interpret the source of the high strains recorded in the field testing of

by



the bridges. If the results of the above.sub-investigations indicate that

the requifed loading configuration to induce shear punch failure is much in
excess of the loading that will induce substantial damage to the deck slab,
then no further consideration should be given to the problem area of

shear punching of the deck as far as the overloading of highway bridges

is concerned (Ref, 6).

1.3 Literature Survey

An extensive literature survey carried out on the general problem
area of shear punching has indicated that with very few exceptions the
attention has always been focused on the building systems, that is, the
punching of the floor slab by the column. To a lesser extent, research
was also carried out on shear punching of slab bridges by supporting columms.
Mode of interaction of the floor slab with the column does not resemble
the overloading of the bridge deck slab by the wheels of the vehicle,
Therefore the findings are not pertinent to the problem on hand and thus
a review of the literature will not be undertaken in this report. However,
to visualize the major differences between column-floor slab versus bridge
deck slab-wheel load it may be helpful to study some of the work on floor
systems (Refs. 1 and 5), The development of the failure mechanism in
column-floor slab systems is totally different from that of the bridge deck.
The amount of force and moments to be transmitted are substantially higher
than the wheel loads, and the column cross-~sectional areas are smaller, in
most cases, than the tire print area, Furthermore, it can be clearly
visualized that the wheel ioads, as transmitted to the bridge deck slab

through the tire print, will cause only pressure normal to the top surface
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of the slab. Thus the uniaxial or biaxial moments applied via columns, as
had been done in some research programs, will not be a problem of concern

for the bridges.

The reported research that may have some bearing on shear punch
of the bridge decks can be grouped into three main sources: (1) The
research at Portland Cement Association Laboratories in Skokie, Illinois
(Refs. 7 and 8), and (2) the research carried out in Cement and Concrete
Association and the Building Research Station in England (Refs. 9 and 13),
and (3) recently completed research in Queen's University in Canada'(Refs.

2 and 3).

The tests conducted at Portland Cement Association Laboratories
employed a tire print composed of two half circles and a rectangular con-
necting section, as shown in Figure 3 (Ref; 7). The bridge model was a
scaled down version of a typical superstructure that can be encountered in
practice. In order to induce punching shear failure, depending upon the
size of the contact area, "wheel loads' of 15-30 kips had to be applied.
Considering the scale factor involved, as explained in Reference 7, this
would correspond to wheel loads of 60-120 kips. Needless to say this is

substantially in excess of the wheel loads encountered in practice.

The experimental studies carried out at Building Research Station
in England also employed scaled down models (Ref, 13). The results of this
research, which need not be duplicated here, also revealed that in order to
develop shear punch failure, a substantial amount of load needs to be
applied over a very small area. These results indicated that, at least for
the bridge configurations considered, failure of the deck slab is due to

flexure,
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;5% ' After completion of the research reported in Chapter 2 of this
report, two new papers appeared in the technical journals which deal with
the slab shéar strength and more specifically the shear punching (Refs, 2
and 3). The experiments carried out have indicated that for an orthotrop-
ically reinforced bridge deck slab there is a factor of safety of approximately
22 against the punching shear failure as compared to the design wheel load
(Ref. 2). 1If an impact factor of 0.3 is applied to the wheel load, then
the factor of safety is reduced to 17. 1In view of the factor of safety
against flexural failure of the bridge deck, which is substantially less
than the above values, it can again be concluded that for all practical

purposes shear punching of the deck will not take place.

All the studies reported above had indicated that the possibility
of shear punching, even the possibility of the vertical shear stresses to
alter the form of failure assumed in the parent research program previously
reported, is less than probable. These studies were confined to limited
geometries of the bridge deck, loading and concrete strength, The parametric
studies reported in Chapter 2 shed light on how the shear punch resistance
of the bridge deck varies as different design parameters are altered within

practical limits.,
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2, SHEAR PUNCHING SUSCEPTIBILITY OF BRIDGE DECKS

Determination of the shear punch susceptibility of the bridge
decks can be undertaken through the development of simple models that sim-
ulates the formation of the shear punch failure mechanism. The concrete
strength, slab thickness, and wheel load corresponding to this failure
can than be scrutinized to identify possible bridge and vehicle configura-
tions., If it can be determined that there is a fair possibility of the
development of shear punching for realistic wheel load and tire configura-
tions, then the research on the Overload Behavior of Beam-Slab Highway

Bridges with Prestressed Concrete I-Beams needs to be modified (Ref. 10).

The shear punch develops due to the presence of a patch load of

high intensity on the slab surface. The intensity of this load is equal

to the tire pressure while the size and the shape of the patch is the same
as the tire print, i.e., contact area. The corresponding wheel load can

be computed by multiplying the tire print area by the tire pressure. Since
the shear punch resistance is proportional to the ''shearing surface' of the
slab and the shearing surface is proportional to the perimeter of the tire
print, it can be stated that the shear punch resistance is proportional to

the tire print perimeter.

A critical parameter, probably the least known, is the shape and
size of the tire print. Limited studies have indicated that, as expected,
the tire print is related to the tire size as well as tire pressure (Ref,
12). It can be comservatively stated that if the print is considered to
have a rectangular shape, then the print size for truck tires will be

greater than 5 in, by 75 in., Furthermore, a detailed inspection of the
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reporting of overload vehicles has indicated that as the vehicular weight
increases the tires employed tend to be wide and low pressure tires (Ref.
17). In addition, in order to distribute the load more uniformly, overload
vehicles tend to have many wheels as compared to common design vehicles,
for example HS20-44., The overload vehicles with multiple dollies having

multiple axles can even have a total number of wheels in excess of 100,

Another important parameter in the development and determination
of the shear punch failure mechanism is the angle between the shearing
surface and the normal to the slab, indicated as @ in Figure 1. This angle
has been for many years intuitively, and also comnservatively, assumed to be
45 degrees (Ref. 11). Recent experimental and analytical investigations
have indicated that the angle is closer to 65 degrees. Inspection of Figure
1 indicates that as the angle increases the surface of the shear cone,
ignoring the top and Bottom surfaces, will also increase. Since the
resistance to the shear punching is proportional to the resisting surface
area, the possibility of shear punching will be reduced., In the determination
of the load that induces the shear punching in the slab, the contribution
of the reinforcing bars was not included. This leads to highly conservative
results, Some researchers have developed relationships between angle §#§ and
fé. For the sake of conservatism these relationships are not included in

the reported study.

2,1 Parametric Study No. 1

In order to have a numerical comparison of the magnitude of
the wheel loads required for slabs of various thicknesses and various con-

crete strengths, an initial parametric study was undertaken,



The parametric study employed 8 different concrete strengths for
the slab (fé = 2500, 3000, 3500, 4000, 4500, 5000, 5500 and 6000 psi). Slab
thickness was also varied from 6 to 8% inches with % inch increments, re-
sulting in 6 different slab thicknesses, Since the tire print is a variable
that governs the failure mechanism, 6 different print sizes were considered:
5 in. by 5 in,, 10 in. by 10 in., 20 in, by 20 in., 5 in. by 20 in., 5 in.
by 40 in, and 10 in. by 20 in. These prints cover a wide range of contact
areas, 5 in. by 5 in. being almost unrealistically small and 5 in. by 40 in,

roughly approximating the overlapping influence of two tandem wheels,

In the parametric study two other parameters were varied, namely
the shape of the contact area and the angle of the shear comne. The cases

investigated were:

(1) Elliptic print, @ = 0 degrees
(2) Rectangular print, @ = 0 degrees
(3) Elliptic print, @ = 45 degrees
(4) Rectangular print, @ = 45 degrees
(5) Elliptic print, # = 65 degrees, and

i

(6) Rectangular print, @ = 65 degrees.

Inspection of the above cases indicates that when the shear cone has an
angle of 0 degrees, i.e. cylindrical punch, unrealistically conservative
results will be obtained. Furthermore when the print size is ''square," e.g.

5 in, by 5 in, print, then the elliptical print deteriorates into a circular

print since the width and length of the ellipse are equal (Fig. 2).

Through simple algebraic and trigonometric relations the shear
surface area (Fig. 1) can be computed considering the shape and size of

the print, thickness of the slab and the angle of the shear cone (see the
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appendix), If this area is denoted as A, and if the shear stress capacity,
Vie? is taken as Ve = 3.4 fé (Ref. 15) then the load that can induce the
shear punching, i.e. 4heel load, can be estimated as Bw = As . Vie® Since
the tire print, i.e. the contact area, is assumed for each case investigated,

the tire pressure can be obtained by dividing the wheel load by the cor-

responding contact area.

Tables 1 through 8 give the results of this parametric study.
Inspection of the tables leads to interesting conclusions. For example,
if it is assumed that a 7% inch thick concrete deck with fé = 4000 psi
(Table 4) is subjected to a very severe loading condition of 5 in., by 5 in.
contact, and also if the values corresponding to cylindrical punch are not
considered, being extreme lower bound and unrealistic, then the following

results can be extracted:

Print Shape /) Wheel Load Tire Pressure
(degrees) (kips) (psi)
elliptic 45 63 3226
elliptic 65 107 5440
rectangular 45 81 3226
rectangular 65 136 5440

Since contact areas are closer to super-ellipse, it is possible to average
the values obtained for ellipse and rectangle for given @. This averaging

results in the following:

@ Wheel Load Tire Pressure
(degrees) (kips) (psi)

45 72 3226

65 121 5440
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The above values indicate the impossibility of the shear punch.
It is necessary to have a wheel load of at least 72 kips, and more
realistically 121 kips, to induce the shear punching. These load levels
are much in excess of any practical limit., However, if one assumes that
by accident load levels of this magnitude are attained, this time because
of the dependency of the shear punch on contact area, it will be necessary
to have tire pressures of 3226 psi, or more realistically 5440 psi.
These are rather high as far as the pressurization of the tires is con-
cerned. Thus detailed inspection of Tables 1 through 8 clearly indicates
that, even though all the reported values are the conservative valués,
the shear punch of the bridge deck slab is not possible either due to

extremely high tire pressure and/or extremely high wheel load requirements.

2,2 Parametric Study No. 2

As can be noted in Parametric Study No. 1, the force required
to induce the shear punching in the deck slab is dependent on the geometry
of the tire print. To supplement Parametric Study No. 1 by using another
model, a new print geometry was chosen. The shape of the contact area is

shown in Figure 3. This particular contact area geometry was proposed by

Johannes Moe of Portland Cement Association Laboratories in 1961 (Ref. 8).

In addition to amalytical studies, experiments were also carried out to
determine the shear punching of the reinforced concrete slabs (Ref. 7).

Again by using the basic geometrical relatioms it is possible to determine

the shear surface to which the shear cone will be subjected (see the appendix),
Furthermore, the parametric study can, and did; include variables such as

concrete strength, slab thickness and the shear cone angle (f). The
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corresponding tire pressures and wheel loads can be seen in Tables 9 through
16, In these tables the variable L indicates, as shown in Figure 3, the
length of the contact area., If the cylindrical punch, i.e. # = 0 degrees,
is considered as extreme lower bound values and not included in the assess-
ment, the remaining values still indicate that it requires a substantial
wheel load to induce the shear punch. For example if it is assumed that the
slab is 7% in. thick with concrete strength of fé = 4000 psi, and if the
length of the tire print is assumed to be 10 inches, the following values

can be extracted:

@ Wheel Load Tire Pressure
(degrees) (kips) (psi)

45 81 1555

65 125 2387

As has been noted in Parametric Study No. 1, the attainment of wheel loads

and tire pressures of this magnitude are impractical.

It should be further noted that this model, as in the first
parametric study, has not considered the contribution of the reinforcing
bars. Inspection of Tables 13 through 16 indicates that there are tire
pressures marked with an asterisk, These are the tire pressures that are

greater than 10,000 psi.

2.3 Parametric Study No, 3

This parametric study employed the results of the research carried
out for shear strength in punching shear of the slabs by square columns (Ref.
8). Even though it has been previously stated that the failure mechanism

for the punching of the floor slab by the column.is quite different from
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punching of the bridge deck slab by the wheel load, it has been shown that
the use of the findings of the above referred research can yield some use-
ful results., The research has been carried out for square shaped columns,
in this case tire prints. The applicability of the findings has been
reported in Reference 7. It has been observed that the obtained punching
shear resistance of the decks is quite comservative as compared to those

experimentally obtained (Ref., 7).

It had been proposed that if the size of the print is r by r, and

slab thickness is d, then the shear stress capacity is

Vie (9.23 - 1.12 ¢/4d) \/fé for r/d ég%
e = (25410 /1) \ /! ' for r/d> 3

By employing the above formulae for the shear stremgth and

li

and

i

v

considering various sized square tire prints for various strengths of
concrete and various slab thicknesses, Tables 17 through 24 have been
developed. In these tables, as in the previous tables, wheel loads and
the corresponding tire pressures have been tabulated for # = 0, 45 and 65
degrees., It should again be noted that @ = 0° corresponds to an extreme
lower bound value, with no physical significance. In the establishment
of these tables if the tire pressure exceeded 10,000 psi, the value of
9,999 psi is printed. The use of these tables need not be illustrated
through a numerical example since their use is identical to that of the
previously described parametric studies. However, a study of the tables
clearly indicates that again shear punch failure of the bridge decks is

not possible due to the required extreme tire pressure and/or wheel loads.
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2.4 Parametric Study No. &

This parametric study was undertaken to relate the peak shear
stress and tensile stress that develop at the vicinity of the slab under
the wheel load to the peak concrete tensile stress or compressive stress
in the slab. This study provides the guidelines as to will the slab under-
go flexural cracking, or crushing, first or will it fail due to the shear

punching.

In order to obtain the required stress values the bridge slab
was modeled as plane strain strip, and discretized in depth and along the
spacing of the beam using finite element method (Ref. 4). A typical finite
element discretization used is shown in Figure 4. Throughout the investi-
gation 2 inch concrete cover over reinforcing bars were assumed for the top
of the slab, and 1 inch for the bottom. Beam spacings of 5, 7, 8 and 9 ft.
were used. The slab thicknesses were varied from 6 to 9 inches with 1 inch
increments., Concrete strengths considered were fé = 3500 psi and 4500 psi.
The slab reinforcement was provided in accordance with the current design
recommendations (Refs. 15 and 16), For each slab configuration three
different tire print widths were considered; 5, 10 and 15 inches. Further-
more the wheel load was placed in two possible locations, at the midspacing
of the beams and near the flange of the beam, This has totaled (4 spacings)
x (4 slab thicknesses) x (2 concrete strengths) x (3 tire print widths) x
(2 wheel locations) = 192 case studies. The case studies have resulted in
approximately 1,200,000 data points of significance as far as the investi-
gation is concerned. The tabulation of even remotely related values will
increase the volume of this report by many orders of magnitude. Therefore,

only the overall summary of the parametric study will be presented herein:

-15=



(1) (shear punch possibility) / (concrete crushing possibility)
ratio is about 11,

(2) (shear punch possibility) / (concrete cracking possibility)
ratio is about 19.5, or higher.

(3) mno meaningful comparisons can be carried out relating the
shear punching to the yielding of reinforcing bars. The
reinforcing bar stresses are very low to comnsider any possi-
bility of yielding before substantial cracking of the deck

slab concrete.

In summary the result of this exhaustive parametric investigation
supports the previous parametric studies, i.e., the possibility of shear
punching of the bridge deck slabs is, as far as the wheel loads are
concerned, not probable., The safety factors obtained are also in agree-

ment with those reported by Batchelor (Ref. 2).

2,5 Interpretation of Peak Strains in Field Testing of Bridges

The strain build-up in the slab under the wheel load can be due
to a number of reasons. Their contribution to the overall phenomenon can
not be quantified without undertaking a detailed investigation. An incom-
plete listing of possible reasons is:

(1) Under the patch loading the slab undergoes a local bending.

The intensity of the bending moment gradient is quite sub-

stantial as compared to any moment gradient throughout the slab.

This behavior can be demonstrated both mathematically, employing

the theory of elasticity, and numerically, employing finite

element method.
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(2)

(3)

Under or near the immediate vicinity of the wheel load additional
membrane, i.e., in the plane of the slab, strains develop. These
strains are due to Poisson's ratio and the tire pressure. The
magnitude of these strains is somewhat less than that of the
local bending of the deck slab.

If the instruments employed in the recording of the strains do
not have "filtering' devices, due to the immediate build up and
decline of the strain recordings, the recorded value may look
somewhat greater than the actual strain in the instrumented
point. The likelihood of the attainment of high strains due to
this reason is rather dubious; nevertheless, without proper
examination of the signaling and the recording system it can not

be ruled out.
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3. CONCLUSIONS

The detailed survey of the literature and four parametric
studies have indicated that the bridge deck slabs resistance to failure
due to shearing punch is many orders higher than their resistance to flex-
ural failure. Studies have been conducted for single or overlapping
multiple wheel loadings. In order to develop shearing punch failure,
either the wheel load and/or the tire pressure need to be extremely high.
Loads of this magnitude can not be attained either through regular or

through overloaded vehicle configurations,

The invéstigation has also indicated that the assumptions made
in the research project Overloading Behavior of Beam-Slab Type Highway
Bridges are correct, The inclusion of the shear punching-like phenomenon
into the overall analysis scheme, which is based on the flexural behavior,

can not be justified.
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4., APPENDIX

GEOMETRICAL PROPERTIES OF ''SHEAR CONES"

Rectangular Tire Print of 2A by 2B (See Fig. 1)

AC = Contact Area = 4(A + B)
AS = Shear Surface, H = slab thickness
l.1 §=0°
As =4 H (A + B)
1.2 @ = 45°
As =4 H (A+ B+ H)
1.3 @ = 65°
As=4H(A+B+2.l445 H)
Pw = (Wheel Load) = Vﬁé As
P, = (Tire Pressure) = PW / AC

Elliptical Tire Print of 2A by 2B (See Figs. 1 and 2)

AC = 3,1416 A . B

2.1 @ =0°
AS = 3,1416 (A + B) C
2 4 6
where C=14+R"/ 4 +R" / 64 +R / 256

and R

il

(A -B)/ (A+B)
2.2 @ = 45°
A, = 1.5708 H ((A+B) G+ (A+ B + 2H) C))

where C is same as in Section 2.1,
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2 4 6
Cl—l+R1/4+R2/64+R2/'256
R1=(A-B)/(A+B+2H)

2.3 @ = 65°

As = 1,5708H ((A+ B) C+ (A+ B + 4,289H) CZ)
where C is same as in Section 2.1

c 1+R§/4+R3/64+Rg/256'

[t}

2
R

) (A-B)/ (A+ B+ 4.289H)

P_ and Pt are computed as in Section 1. of the Appendix.

3. Circular-Rectangular Composite Tire Print of Length - L (See Figs. 1 and 3)
A =2.125 L°
c
3.1 @ =0°
AS = 0,5227 L H
3.2 @ = 45°
AS = (2,685L + 3.1416H) H
3.3 @ = 65°

As = (2.685L + 6,7371H) H

PW and Pt are computed as in Section 1, of the Appendix,

-20-
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TABLE 1

WHEEL LOADS ( IN KIFS.) TC INDUCE SHEAR PUNGH

TIRE PRESSURES (IN PSI.)

CONCRETE CYLINDER STRENGTH= 2500 °SI,

ARE GIVEN IN PARENTHESIS

TIRE PRINT SLA3 THICKNMESS (IN INJ)
L/ZWUING) 8.0 6.5 7.0 7.5 8.0 8.5
5/ 5 (1) 16( 816) L17( 884) 19( 9E2) 20(1020) 21(1088) 23(11586)
5/ 5 (2) 20( 816) 221 8284) 24( 9E2) 25(1020) 27(1088) 23(1158)
g/ 5 (3 35(1795) 40(2033) 45(2285) ©50(2550) £6(2829) 61(3121)
5/ 5 (&) 45(1795) 51(2033) ©57(2285) BH4(2550) 71(23829) 78(3121)
5/ 5 (5 57(2916) 66(3348) 75(3810) 84(4301) <S5(L4821) 105(S371)
5/ 5 (8) 73(2915)  34(3348) 95(3810% 108(4300) 121(4320) 134(5369)
16710 ) 32C 4038) 35( 442) 370 476) GO( 510) 430 544) - 45( 578)
10710 (2) 41( 408) G4 442) &4B8( 476) 51( 510) 54( 5u44) 58 ( 578)
10710 (D) 540 £53) S7( 729) 64( 809y 704 892) 77( 979) BuL(106%)
10710 ) 65( 653) 73( 729) 81( 809) 89( 892) 28( 379) 107(1069)
10710 (S 730 933 83(1058) 94(11S1) 104(1330) 116(1477) 123 (1632)
10710 (86) 33( 933) 106(1158) 119(11<0) 132(1330) 1LEB(1L77) 163(1631)
20720 (1) 64( 204) 69 221) 75 228) 80(¢ 25%5) g€S( 272) 91( 2839
20721 (2) 82( 204) 388B( 221) 95( 228) 102( 25%5) 109( 272) 1156( 289
29/20 (3 83( 2€5) 92 293) 101( 3210 110( 351) 123( 381) 1291 412)
20720 (1) 10€( 2€5) 147( 293) 129( 321) 140( 3%4) 152( 331) 165( 412)
gns2n (%) 108C 235) 118C 37%) 131( 417) 145( 460) 169( 505) 174 552)
20/20 (8) 134 335) 150¢ 3I75) 167 417y 1864( L460) 202( 505) 221 ( 552)
5/20 (1) t4( 557) L7( €03) 51 €E0) 55( BA98) BA&( 7u3) 62( 739
5/20 (2) 51( 511) 55( 552) 59{ 5¢5) 64{ 638) £3( 680y 72( 722)
5720 (3) 62¢ 7S0) 59¢ 3878) 7e( <9€8) B83(1062) <S1(1160) 939(1261)
5720 (&) 75C 755) 84( 840) 93( 923%) 102(1020) 112(1115) 121(1214)
57210 (5) 84(10€8) 94 (1202) 106{(13&5) 117(1495) 13I0(1653) 143 (181 d)
5/20 (8) 1031(1035% 117(1168) 131(1309) 146(1458) 161(1613) 178(1778)
5/40 (1) 83( 531) 90( 576) 97( 620) 104( 664) 111( 709) 113( 757
5/40 (2) 92( 459) 99(¢ %97) 107( £3I5) 1150 57%) 122( 612) 130( €50)
5/748 (3 101C €41) 111 ( 704) 121( 7702 131( A37) 142 90S5) 153( 978)
5/40 (&) 116( 581) 128( &41) 140( 702) 153( 765) 1€f( 830) 179( 398)
g/40 (3 122¢ 774%) 135( 851) 150( 9E2) 164(10L7) 180{1145) 1396 (1247)
5/40 (8) 144 721) 161 (C 8a5) 179( 8S3) 197 ( 9BL4) 21£(1079) 235 (1177
10720 (1) 49¢ 315) 54 ( 3ui) 58( 3IE7) 620 393y €6( 4193) 70( 448
11720 (2) 81( 308) 66( 331L) 71( 2B7) 76 ( I82) 82( LN3) 87 ( L3I
19720 (3 68( 435) 76( 482) 831 E31) 91 582) 100( H34) 103( 538)
10720 (&) 86( #28) 95( #75) 105( 52&) 11S( 574) 12%( 625) 135( 679)
10720 (5) 90( S74) 101 ( AbA) 113 ( 721) 126( 800) 13S( 332) 152( 968&)
107280 (8) 114 568) 123( B£39) 143( 714) 153( 793) 17t 875) 192( 396M
NOTES= (1)ELLIPTIC GYLINDRICAL PUNCH, (2) RECTANGULAR CYLINDRICAL PUNCH
(3)ELLIPTIC CONE WITH 45 DEGREE SLOFE, (4) RECTANGULAR PRISM WITH 45

DZGREEZ SLOPE, {(5) EZLLIFTIC CONS WITH €£ NEGREE SLOPE,
(8) RECTANGULAR CONE WITH 65 DEGREE SLCPE

«22-



TABLE 2

WHEZEL LOACS { IN KIPS,) Té INDUCE SHEAR FUNCH

TIRE PRESSURES (IN PSI.) ARE GIVEN IN PARENTHESIS
CONCRETE CYLINDER STRENGTH= 3000 °SI.

TIRE PRINT SLAB THICKNESS (IM IN.)
L/W (INS) 5.0 6.5 7.0 7.5 8.0 8.5
5/ 5 (1) 13C 8394) 19( 968) 20(10&43) 22(1117) 23(1192) 25(1268)
5/ 5 (2) 22( 894y 24 ( 988) 2601043) 29(11417) 30(414392) 32(1266)
5/ 5 (3) 39(1967) 44(2227) 49(2503) 55(2793) €1(3099) 67 (3419)
5/ 5 (4) 43(19€7) 5€(2227) €3(z503) 70(2793) 77(3099) 385(I%id)
5/ 5 (5) 63(31S4) 72(3668) 82(4174) 33(4712) 104(5281) 116(5883
5/ 5 (6) 80(3134) 92(3657) 104 (4173) 118(4711) 132(5230) 147 (5882)
10710 (1) 350 L47)  38( 484) &L41( £21) 44&4( 553) 47( 596) 50( 633
10710 (2) 45¢C 447) 43( 484) 52( S21) 56( 559) €0( 53€) &3( 63
10710 (3 58( 715) 63( 7939) 70( gg6) 77( 3978y 84{1073) 921171
10710 (&) 72( 715) 80(C 799) 389( 886) 38( 978) 107(1073) 117 (1171)
10710 (5) 30(1022) 31(1159) 102(1304) 11401457) 127(1618) 1401787
10710 (8) 102(1022) 116(1159) 130(1304) 14E(1457) 1€2(1618) 173(1787)
20729 (1) 70C 223y 765( 242) 82( 2€1) A8( 279 G4 ( 238) 93( 317
297210 (2) 89( 223) 97 ( 242) 10&4( 2€4) 112( 279) 11¢( 298) 127( 317
20720 (3 91( 291) 101( 321) 111( 382) 121C 38%4) 131( 417) 142( 451)
20720 (W) 11e( 291) 1280 321) 141C 352) 154 384) 1E€7{ #17) 1801 451)
20720 (5) 1150 36877 129C 411) 143(¢ 4E6) 158( 504) 174( 554) 190( 605)
20720 (8) 147( 387) 164( 411) 183 456) 202( 504) 221( 553) 2421 605)
5721 (1) 48( €10y 52( 661) 6S56( 712} 60( 763) €u( 814) 68( B864)
5/20 (2) 56( 559) &1( 805) 65( €£2) 70( 698) 7u4( 745) 79( 791)
5720 (3) 68( 8868) 75( 961) 83(10€1) 91(116%) 100(1271) 108(1381)
5/20 (W) 830 827) 92( 920) 102(1017) 112(4117) 122(1222) 1331330
5/20 (B) 92(11€8) 103(1317) 116(1473) 129(1638) 142(1811) 1556 (13991)
5/20 (6) 11301136) 12301280 143 (1434) 160(1597) 177{(1767) 195{194%)
5/40 (1) 91( 582) 99( 531) 107 679) 1414 728) 122( 776) 130( B2%)
5/40 (2) 101(¢ S503) 109( 545) 117(C 587) 126( 629) 134( 670) 1u2( 712)
5/40 (3 110C 702) 121 (¢ 772) 132¢ 843) 14&( 917) 1S€{ 992) 168{(1069)
5760 (&) 1270 837) 140( 702) 4154( 7€9) 16B{( 838) 182( 3909) 196( 981)
5/40 (5) 133( 369 148 ( 344) 164 (10437 130(1147) 1S7(125%) 21S5(1366)
5/40 (8) 158( 79m) 176( 382) 19€( 978) 216(1078) 23€(1131) 252(41289)
13720 (1) 54( 345) 593 373) 63( Lg2) 68 431) 7z( 845Gy 77 ( u3g)
10720 2) 670 335) 73( 363) 783( 3S1) 84( 419) 83( 447) 95{ 47%5)
107208 (3 75( 477) 83(C 528) 91( 582) 100(C 637) 10¢( 6385) 113( 7=%)
10720 (&) 94{ 4€9) 10&4( 521) 115{ 574) 126( 6£29) 137( 625) 149{( 7u4)
19720 (5) 99( 629) 111 797 124( 7<0) 138( 876) 1%2( 9663 167 (1061)
14/20 (6) 125C 623 140C 701) 156( 782) 174{ 868) 19Z2( 958) 210(1052)
NOTES= (L)ELLIPTIC CYLINDRICAL FUNCH, (2) RECTANGULAR CYLINORICAL PUNCH

(NELLIPTIC CCNE WITH 45 DEGREE SLOFE, (4) RECTANGULAR PRISM WITH 45
DZGREE SLOPE, (5) FELLIFTIC CONE ®wITH €5 DEGREE SLOFE,
() REGTANGULAR CONE WITH 865 DEGREE SLCPE
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TABLE 3

WHESL LOACS (¢ IN KIPS,) TGO INDUCE SHEZAR PUNGH
TIRE PRESSURES (IN PSI.) ARE GIVEN IN PARENTHESIS

CONCRETE CYLINDER STRENGTH= 3500 PSI.
TIRE PRINT SLAS THICKNESS (IN IN,) .
L/WIING) 6.0 645 7.0 7.5 8.0 8.5
3/ 5 (1) 19( 9€6) 21(10k8) 22(1176) 24(1207) 2E(1287) 27(13e®)
5/ 5 (2) 240 9€6) 25(1066) 2B(1126) 30(1207) 3211287 34(13ed
s/ 5 (3 52(212%) 47(2408) 53(2703) 59(3017) €8(3347) 73(3623)
5/ 5 (&) 53(212%) 60(2406) €8(2703) 75{(3017) 8413347) 92(3633)
5/ 5 (5) 68(3450) 7E8(3352) 89(4508) 100(5089) 112(5704) 125(E354)
5/ 5 (8) 836(3450Y 99(3961) 113(4507) 127(5088) 143(5703) 153 (€35
13710 (1) 380 683) &1( 523) &4 5€3) 47( 603 E1( 644) 5S54{ 684
10710 (2) 48( 483) S2(-523) ¢Te6( 5€3) 60( €032) E€Eu( 654) 58( &88L)
10710 3 61( 772) 58(C 363) 75( 9E7) 8211056) <S1(11£9) 99(12%%)
10719 () 770 772 86( 8563) S6( 957) 106(10%48) 118(115%) 127(1286%)
13710 (5) 8701104) 98(1252) 111(1409) 124(1574) 137(1748) 152(43931)
19710 (&) 11004404%) 122 (1252) 1£1(1408) 157 (1574) 175(41748) 193(193 M)
20720 (L) 73( 241) 82( 261) 83( 282) 95( 302) 101 322y 107 ( 3%2)
21720 (2) 97( 261) 105( 261) 113 ( 2823 121 202) 12¢( 322) 137( 342
20720 (3) 39( 314) 109( 346) 119( 328M 130 &£15) 1L2({ 551) 4153( 487)
¢n/20 (W) 126 C 314) 139(C 3WwhHY 152( 230) 1561 4L15) 180( &51) 1395( 487)
20720 (5) 125 397) 139 444) 155( 4¢€3) 1710 ES44) 1€£( 523) 205( 654)
20720 (6) 159( 397) 177 ( u44) 197( 4¢3) 213( 5u4) 23S( 598) 264 ( 654
5727 (1) 52C €29) 56( 714) 60C 7€9Y H5( 824) €< 373) 73( 934)
5720 (2) 60C 603) &5( 654) 70( 704) 75( 754) 80( 805) 85( 85%)
5720 (3) 73( 935) 82(1038) 90(11486) 939(1257) 10&(1373) 117 (1432}
5720 (&) B3{ 893) 99( 994) 110(10€S8) 12111207) 1321(1320) 144(1L36)
5/20 (5) 93(1261) 112(41422) 125(15%91) 133(17689) 154(1356) 163(2151)
5720 (©8) 122(1224) 138(1383) 1£5(1549) 172(1728) 1<1(1909) 210{Z2101)
5/40 (1) 939( 629) 107( €81y 115( 734 123( 786) 132( 838> 140( 331
5740 (2) 109( 5L3) 118( 588) 1271 £34) 1356( 67S) 14%5( 724) 15%( 769)
5/40 (3) 119(C 753) 131( 333) 143( S11) 156( 320) 1€8(1171) 181(1154)
5/40 (&) 133( €88) 152( 738) 1e6( 831) 181( 9n3%) 1<€( 932) 212{(10&ed)
5/40 (%) 144( 316) 160(1019) 177(1127) 195(1239) 212(41358) 222(147€)
5740 (8) 1710 A54) 191 ( 353) 211(1056) 23I2(116L) 28E5(1275) 273(133}
13720 (1) 53( 372) 63C 403) H8( 434 730 485) 723 4398) 83( 527
13720 (2) 72( 382 73( 392) 84( &422) 91( 453) S7( #83) 193( 513
10720 () 81( 515) 30 571) 99( €23) 103( 5833 113( 750) 123( 314
14720 (4) 104 S07) 112( 5582) 124 €20) 138( 67¢) 1&8( 740) 181 80W)
10720 (5) 107(C #80) 129( 764) 134( B8E3) 143 ( SLE) 1€4(1044) 130(11543)
137217 (%) 135( €73) 151 ( 757) 169( 845) 188 ( 938) 207(1035) 227 (1138)
MOTES= (4)ELLIPTIC CYLINCRICAL FUNCHq 2) DcCTANGULAF CYLINDBRICAL PUNCH

(3 ELLIPTIC GCNE WITH (5 DEGREE SLOFE, (4) RECTANGULAR PRISM WITH L5
DEGRZZ SLCPE, (5) ELLIFTIC CONE WITH €E DEGREE SLOFE,

(B)YRECTANGULAR CONE WITH £5 DEGREE SLCPE
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TAELE &4

WHEEL LOACS ( IN KIPS.) TO.INDUCE SHEAR FUNCH

TIRE PRESSURES (IN PSI.) ARE GIVEN IN PARENTHESIS
|

CONGRETEZ CYLINOER STRENGTH= LOnQg PSI.

TIRE PRINT SLA8 THICKNESS (IN INJ) .

L/W{IN,) Bel 6.5 7.0 745 8.0 3.5 |
3/ 5 (1) -20(1032) 22(1118) 25(1204) 2E5(41220) 27(1378) 29 (14E2)
5/ 5 (2) . 26(1032) 23(1113) 30(1204) 32(1290) 34113767 37 (1462)
5/ 5 (3) 45(2271) 50(2572) ©S7(28<S0) 6313226 710(3578) 78(3948)
5/ 5 () 57(2271) 54(2572) 72(2Rr<0) 81(3226) 83(3578) 93 (3948)
5/ 5 (5) - 72(3688) B83I(42386) 95(4820) 107(54L40) 120(8898) 133(£7393)
5/ 5 (8) 92(368%3) 10€(4235) 120(48139) 136(Fuk0) 152(6097) 170(6792)

107140 (D) 41( 516) 44 559) 47( €02) 51( 64L5) .5u4( 68R8) 57( 73

10710 (2) 52( 51%8) 55( 559) 60( €02) 65{( 645) €cS( 688) 73( 731)
10710 (3 65( 826) 72( 922) B80((1024) 89(112¢) 97(1239) 106(1353)
10710 (4) 33( 828) 92( 922) 102(1024) 112(1129) 124(1239) 135(1333)

13710 (5) 93(1180) 105(1333) 118(1506) 132(1683) 147{1869) 162 (20&W)

10710 (&) 118(1180) 134(1338) 1F1(1E06) 168(1682) 187(18€8) 20€(2064)

20720 (1) 81( 2%3) 83( 280) 95(C 301) 101 323) 108( 344) 115( 36€)

23720 (2) 103( 258) 112( 280) 120( 3041) 129( 323 127( 3L4) 146( 368€)

2as20 (3) 105( 335) 1160 3I70) 128( 4062 139( L&s) 151( 432) 164 { 521)

20720 (W) 134( 335) 142( 370) 1€3( 406) 177 ( &4i4hs) 192( 4A2) 208( 521)

20720 (5) 133¢ 424%) 143 474) 166( 527) 183¢( £82) 201( 639) 220 &9¢%)

20720 (8) 1700 424) 41900 474) 211 ( 527) 233( 582) 25€( 639) 279( 639
5720 (1) E5{ 705) 60( 763) 65( 822) 69{ 881) 74( 3939) 73( 998
5720 (2) 65¢ 645) 70( 6399) 75( 73> 81( 80&) 8&( 8€0) 91( S14)
5/20 (3) 78( 993) 87 (1110) 96(1225) 106(13L4) 115(L14€7) 125 (1593%)
5720 (&) 95( 255) 105(1062) 117(1174) 123(1290) 141(1411) 154 (153%)
5/20 (5) 106(1348) 113(1520) 134(1701) 143(1891) 1€4(2091) 131(2239
3/20 (8) 131(1303) 1648(1478) 166(1€€68) 18L(134LY4) 204(2040) 225(224€)
5/40 (1) 106, 672) 144( 723) 123 ( 784) 132( 340) 141( 896) 151 ( 952)
5/40 (2) 116( 581) 128( £29) 135( €77) 145( 726) 15E{( 77L) 185( 823)
5/40 (3) 127C 310) 140( 391) 453 ( 4974) 166 (1053) 130(1145) 194 (123
5/40 (W) 147 C 735) 162( 811) 178( 828) 134( 968) 210(104G) 227 (1133
3/47 (5) 154( 373) 171(1090) 189(1205) 203(1325) 229(1449) 243 (1578)
/40 (8) 1830 913) 204(1919) 226(112%9) 243(12L4) 27T (13€4) 298 (148¢S)
10720 ) 63 398) 68( 431) 73( 4€4) 73( L397) 82( 531) 33 554%)
13720 (2) 77( 387) 8&( 4193) 90 4E2) 97( 4384) 103( 51€) 110( 5&3)

10720 (3 86( E50) 95 ( £40) 10€( €72) 116( 73€) 412£( 802) 137 ( 870)
13720 ¥ 103 542y 1200 €01) 132( €€2) 145( 72%) 153( 791) 172( 8EB¢S)
10720 (%) 114 726) 128( 317) 143 912) 159(1042) 17E5(1116) 192(122%)

19729 (®) 1440 7149 162 309) 181( 403) 200(10302) 221(1106) 243(121%)

MOTES= (1L)ELLIFTIC CYLINORICAL FUNCH, (2) RECTANGULAR CYLINDRICAL PUNCH
(N ELLIPTIC CONE WITH 45 DEGREE SLOFE, (4) RECTANGULAR PRISM WITH 45

D=GRZz SLCPE, (8) ELLIFTIC CONE WITH &5 OEGREE
() RZCTANGULAR CONE WITH 65 DEGREE SLCPE

SLCFE,
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TABLE 5

WHEZL LOADS ( IN KIPS,) TC IMNDUCE SHEAR FUNCH
TIRE PRESSURES (IN PSI.) ARE GIVEN IN PARENTHESIS

CONCRETE CYLINDER STRENGTH= 4500 PSI.

TIRE PRINT SLA3 .THICKNESS (IN INJ)

L/W{IN) 5.0 Be3 7.0 7.5 8.0 845
5/ 5 (1) 21(1095) 23(11836) 25(1277) 27{4368) 2<(1460) 30(1551)
5/ 5 (2) 27(1095) 30(1186) 32(1277) 3u(1368) 3IE(1450)Y 39(15%1)
5/ 5 (3) L7(24083) 54{(2728) &00(30€5) B7(3421) 75(3795) 82(4138)
3/ 5 (&) 50(z409) 681(2728) 77(30e5) 86(3421) ©S5(3795) 105(4188)
5/ 3 (3) 77(3212) 88(4492) 100(5112) 113(5771) 127(6468) 141(7205)
5/ 5 (&) 98(3911) 112(4492) 128(5111) 144(5769) 162(64€7) 180(7204)
19719 (1) L43( B47) 47( 5333) 50( €39) 5&( 684) E7( 7208) 61( 77%)
10713 (2) 55( 547) 59( 533) &4 €39) 68( 684)Y 73( 730) 78C 77%H)
19710 (3) 83( B78) 77( 973) 85(1026) 9L(1197) 183{131%) 113(1439)
10710 (4) 88( 876) 98( 378) 109(1096) 12011197) 131(1314) 143 (143%)
10710 (5) 982(1222) 111(1420) 125(15¢7) 140(1785) 1E2(1332) 172(2139)
10710 (@) 123(1252) 142(1413) 160(L5C7) 178{(1784) 1S8(1982) 219(2139)
20729 (1D 8%( 27%) 93( 237) 100( 312 107( W2y 115( 365) 122( 323)
2as20 (2) 109(¢ 27%) 119(C 297) 128( 21¢) 137( 342) 14€( 385) 155( 338)
20720 (3 1120 358) 123 ( 333) 135( 631) 1430 470) 1610 511) 174 553
20720 {4) 142( 358) 157 ( 393 472 431) 183( %70) 204( 511) 221 ( S%3)
20729 (5) 141C 4509 158( 503) 17&( 559 194 ( 617) 213 678) 233 7u1)
29720 (8) 180C 450) 281( 503) 224( 5E9) 247( &617) 271( 678) 296 ( 741)
5720 (1) 58(¢ 747) 64 410> 68 872) 7?3( 934y 78( 996) 83(10ZM
5728 (2) 681( 884) 7L( 741) BO( 7%8) B8&6( 85%) 91( 912) 37( 959
5720 (3) 33(10e0) 92(1477) 102(12¢99) 112(1425) 122(15%6) 133(1€22)
5/20 (&) 10101013 113(1127) 125(1245) 137(136%) 1E50(14386) 163(1622)
5/208 (5) 112(1430) 127(1812) 142(1804) 158(200€) 174(2217) 192(2439)
3723 (B) 132(1388) 157(1369) 176(17tS7) 196(139%6) 21E{21€4) 233 (2331)
5/40 (1) 112C 713) 121¢C 772) 131( 822) 140( 891) 14S({ 9%51) 153 (101D
3/40 (2) 123(C 818) 133( EA7Y 144 718) 154 770) 1€4( B821) 174 872)
5/ (3) 138( 880) 143 ( 945) 182(1033) 175(1123) 1S1(1215) 2056 (1309
5/40 (4) 1560 790y 472 ( 350) 188 S42) 205(1028) 222(1113) 240{1272)
5740 (5) 163(1038) 182(1158) 201(1273) 221(1405) 2&1(1537) 283 (167
/40 (6) 194( 9388) 21€(11030) 2%0(11S8) 254(1320) 28S(1447) 316 (1579)
10720 (L) 660 422 72( 457) 770 4¢2y 33( 523) 88¢( 583) 94 528)
19720 (2 82( %11) 89¢ 435) S8 479) 103( 513) 10S( 547) 116 582)
10728 (3 92( 534) 102( 347) 142( 713) 123( 731 134( 851) 1451 923)
10720 (&) 115( 575) 127 €37) 1u0C 702) 154( 770) 1€€( 839 182( 3911)
10720 (5 1210 771) 136 ( 8386) 152( C€7) 169(1073) 13£(1433) 204(1239)
13727 (6) 153C 763) 172( 858) 192( c£8) 213(1183) 235(1173) 253(123%9)
NOTES= (4)ELLIFTIC CYLINDRICAL FUNCH, (2) RECTAMGULAR CYLINDRICAL PUNCH

(3)ZLLIPTIC GONE WITH 45 0%SGRIE SLOFE, (4) PECTANGULAR PRISM WITH 45
DIGRZEZ SLOPE, (5) ELLTIFTIC CONE WITH €F DEGREE SLOFE,
(5)RECTANGULAR CONZ WITH E5 BEGREE SLCPE

~26=



TAZBLE 6

WHEEL LOACS ( IN KIPS,) TC INDUCE SHEAR FUNCH
TIRE PRESSURES (IN PSI.) ARE GIVEN IN PARENTHESIS
CONCRETE CYLINDSER STRENGTH= 5000 PSI,

TIRE PRINT SLAB THICKNESS (IN INJ)
L/W(IN) 6.0 6e5 7.0 7.5 3.0 8.5
5/ 5 (1) 22(1154)  25(1250) 26(1348) 28(1442) 30(1539) 32(1635)
3/ 5 (2) 29(1184) 31(1250) 34(1348) 3JE(14L2)  3I3(1529) 41(1635)
3/ 5 (3) 50(25839) 5€(287%) €3(3231) 71(3606) 72(4001) A7 {4414)
5/ 5 4) 63(2239) 72(2875) 81(3231) 90(3606) 100(4001) 110(aLiy)
5/ 5 (%) 81(4124) 93(4735) 10€(5323) 11G(6083) 124(5318) 143(7595)
5/ 5 (68) - 103(4123) 113 (4735) 4135(53287) 1B52(€082) 170(K817) 190(75933)
11/190 (L) 45¢ 577 49( 825 53 e73 S57( 721) €0(C 769) 64l 817)
10710 (2) 58( 577y 63{ 625) 67( €73) 72 721) 77( 78%9) 82( 317
10710 (3 73( 923r 310(1031) 90(114k%4) 99(1262) 10c¢(13353) 119(1512)
10710 (&) 92( 923) 102(1031) 11n(11hh) 126(12€2) 138(1385) 151(1512)
10710 (5) 10401319) 113 (1496) 132(1€84) 148(1381) 1€L{2089) 181(2307)
10710 (8) 13201313) 150(1496) 1868(1€83) 188(1881) 20S(2289) 231(2307)
Zgs29 (1 91( 288) 38( 313) 106( 237) 113( 3561) 121( 385) 128 ( 409
¢1/21 () 1150 2398) 125( 213) 4135( 3I37) 164 2m1) 154( 335) 1630 4O
gns2a0 (3) 118(¢ 375) 130 ( 414) 143 ( 484) 156( #96) 1€S( 539) 183( 582)
20720 (&) 150C 375) 165( &414) 182( LEY4L) 1398( 496) 24E( 539) 233( 532
20720 (5) 149( 474) 167 ( 530) 185{ £89) 204¢( €%1) 228( 718) 245( 781)
ta/20 (8) 193¢ 4764) 212( 538) 23I6( 589) 2860( 651) 28A( 715) 312 781)
5/20 (1) 62( 788) 571 853) 72( S819) 77( 985) 82(1050) 83(111&)
5720 (2) 72¢ 721) 73(C 791) 841 841) 90( 902) cSE( 952) 102(1022)
3/21 (3 83(1117) 971(1241) 108(13€3) 113(1503) 12S(1641) 140(179F)
5/20 (&) 107010€7) 1139(1138) 131 (1313) 144(1442) 1E2(1577) 17201717)
5/20 (5) 112¢1508) 133(1700) 149(41G802) 1E6(21415) 184(2337) 202(2571)
5720 (&) 14e(14608) 163 (1552) 185(18E2) 20€(2061) 228(22%1) 251(2F11)
3740 (1) 113( 752) 123 (C 314) 138( 877) 148( S3%) 1E7(1902) 167 (10653)
5/40 (2) 1300 649) 141 ( 702) 4151( 757) 152( 811) 1732( 365) 1384 ( 920)
3/41 (3 1642( 906) 156( 296) 171(1089) 186(1183) 201(1230) 217 (1380)
/40 (&%) 164( 822) 181( cS06) 199( <9¢3) 215(1092) 235{(1173) 253 (12&7)
5/408 (5) 172(1095) 191(1218) 212(1347) 233(1481) 254(1520) 277 (17¢&4)
5/49 (6) 204(4020) 223(1139) 252(12F2) 273(13391) 305(1525) 333{1i6564)
19720 (1) 700 445)  76( 482) 82( £19) 87( S556) 92( 593 393 £3M
10723 (2) 87( 433) 94( 4A83) 101( 505) 108( 541) 142( 577) 123(C 613
13729 (3 37( 6515) 107{ 582) 118( 7%1) 129( 323) 1411 897) 153( 973
10720 (W) 124( /06) 134 ( €72) 148( 740) 162( 811) 177( 835) 1982( 9601)
13723 (8) 128(¢ 812) 143 ( 313) 160(1020) 173(1131) 1C6(1247) 215(1362)
13720 (%) 161 804) 181 S04) 202(1010) 224(1121) 247(1237) 272(1358)
NOTES= (1)ELLIFTIC CYLINORICAL FUNCH, (2) RECTANGULAR CYLINDRICAL PUNCH

(3)SLLIPTIC CGONE WITH 45 DEGREZ
CZGRZE SLOPE, (5) ELLIFTIC GONZ
(8) KECTANGULAR CONEZ

SLOFE, (4) RTZCTANGULAR PRISM WITH 4%
WITH EE DEGREE SLOPE,
WITH E5 OEGRZE SLCPZ

“27=




TIRE PRINT

L/ZWUIN

5/
5/
5/
5/

5/
5/

(G RC ERVIRS RV BN |

10/10
10710
10710
10/10
10710
10/10

20720
23/21
21/ 20
20/ 20
20721
29/ 210

57240
5720
5720
2/ 21
5720
5/290

S/ 43
5/41
3740
5740
5/40
S/40

19720
19720
10720
10721
10720
11720

- - - - - - -

NOTES=

(3)ZLLIPTIC CONE
DIGREE SLCPFE,

TABLE 7

WHESL LOANS ( IN KIPS.) TO INDUCE SHEAR PUMNCH

TIRE PRESSURES (IN PSI.)

CONCRETE CYLIND=R STREMNGTH= 5500 PSI,

(3)YRECTANGULAR COME

WITH 45 DEGREZE SLOPE,
(5) ELLIFTIC CONE

-28a

ARE GIVEN IN PARENTHESIS

8.0

22 (161
4901614)
821(4198)
105(s128¢€)
1408(71%1)
17¢(7150)

€3( 807)
310 807
11501452)
145{1452)
172(21% 1)
219(2191)

127¢
161¢
1771
228 (¢
23¢(
300¢(

503)
413)
565)
565)
7503
743)

87(1102)
10101999
138(1721)
1E5(16EH)
1¢23(24E52)
23<(2333)

165 (1051)
182( 908)
211(1343)
2uE(1230)
2€7(1599)
320(1600)

92( 522)
121 805
152¢ 940
18€( 928)
208{1398)
2€<(12387)

8.5

35(171%)
4301715
91 (4629%)
116 (462%)
156 (7968)
193 (7984)

67 { 857)
86 857
125(158¢)
153(1583¢)
130 (24210)
242112420

135 ¢
171 ¢
192¢
24h (
257 (
223 (

4293
42)
611)
611)
819
819)

92 (117 M
107 (1072}
147 (4870
1301800
2121(28%¢)
2631(26214)

175 (1117)
193¢ 944)
227 (1447)
265 (1329
291 (1850)
343 (1746)

104( 661)
123 ( 843
160(1021)
20101007
225(1438)
285 (1421

. D D R S WD MR DGR D AR T SN AR S S D A S . -

SLAS THICKNESS (IN IN.)

0 540 6.5 7.0 7.5

(1) 26(1210)  25(1311) 28(1642) 39(151)
(2) 3001210)  323(131)  35(1412) 38(1513)
(3 52(2683) 59(3316) 67(3289) 74(3732)
(%) 87(2883) 75(2116) 85(3289) 95(3782)
(5) 85(4325) 98(43967) 111(5651) 125(6380)
(6)  108(4324) 124(4386) 141(5€50) 1593(E378)
(1) 48( 605) 51C &58) 55( 708) 53( 756)
(2) 61( 605) 353( &56) 71( 706) 76( 756)
(3 75( 969) 85(1082) 94(1200) 104(1324)
(4) 97( 963) 108(1982) 120(1200) 132(132%)
(5)  109(1384) 122(1589) 139(17€6) 155(1973)
6)  138(1384) 157(1563) 177(17€6) 197(1373)
(1) 95( 303) 103(¢ 323) 111( 353) 119( 73)
(2) 1210 303) 131 328) 141( 253 151( 378)
(3)  124( 393) 1356( 434) 150( 477) 163( 520)
th) 157 393) 174( 434) 191( 477) 208( 520)
(5) 1560 497) 175( 556) 194( 618) 214( 582)
(6)  193( 497) 222( 556) 247( €18) 273( 682)
(1) 65( 826) 70( 895) 76( 9€4) 31(1033)
(2 75( 756) 82( 819) 88( 883) 95( 944)
(3) 92(1172) 102(1202) 113(1438) 124(1578)
()  112(1120) 125(124%6) 138(1377) 151(1513)
5)  124(1581) 140(1733) 157(419S5) 174(2218)
{6)  153(1535) 173(1733) 194(1942) 216(2162)
(1) 124( 788) 134( 854) 1&44( S20) 155( 985)
2)  136( 681) 148( 738) 159( 794) 170( 851)
(3) 1430 950) 164(1045) 179(L1142) 195(12&1)
(4)  172( 862) 190( 951) 208(1041) 227 (1135)
(5)  1B0(1148) 204(1278) 222(1413) 244(155)
(6)  214(1070) 239(1194) 2B65(1224) 292(1459)
(1) 730 487)  79( 505) 86( 544) 92( 58%)
(2) 91( 454) 9R( 492) 106( 530 113( 587)
(3)  101( 645) 112( 715) 124( 788) 136( 863)
(%)  127¢ &35) 141( 795) 155( 777) 170( 851)
(5)  134( 852) 150( 958) 168(1063) 186(1136)
(6)  169( B843) 190( $49) 212(1089) 235(117%)
(1)SLLIPTIC CYLINCRICAL FUNCH,

(2) RECTANGULAR CYLTINDRICAL PUNCH
(&) RECTANGULAR PRISM WITH 45
WITH €S DEGREE SLCPE,
WITH 65 DEGREE SLCPE



TABLE 8

WHEEL LOADS ( IN KIPS.) TC INOUCE SHEAR FUNCH
TIRE PRESSURES (IN ®ST.) ARE GIVZIN IN PARENTHESIS

(3 ELLIPTIS GONZ
DZGREZ SLOPE,

(3) RECTANGULAR CONE

WITH 45 DEGREE SLOFE,
(5) ELLIFTIC CONE WITH €S DEGREE SLOFE,
WITH 65 DEGREE SLCPE

«29-

CONCRETZ CYLINDZR STRENGTH= 5000 PSI.
TIRE PRINT SLA3 THICKNESS (IN IN.)
L/ZWCING) B0 843 7.0 7.5 8,0 8.5
5/ 5 (1) 25(1264)  27(1359) 29(1475) 31(1580) 32(1688) 35 (1791
5/ 5 (2) 32(12€4)  345(1369) 37(1475) 40 (1580) 42(1626) 45(1791)
5/ 5 (3) 55(2731) 62(3150) 69(3540) 78(3950) 8£{4332) 95({4833)
5/ 5 (4) 700(2781) 79(3150) 88(3540) 99(3950) 110(4382) 121 (4835)
5/ 5 (5) 89(4517) 102(5187) 116(5903) 131(€663) 14717459) 163 (8320)
5/ 5 (6)  113(4517) 130(5187) 148(5202) 167(5652) 187(7458) 203 (8318)
10710 (1) 50( 632) 54( 685) 58( 727) H2( 7900 EE( 843) 77( 895)
13/10 () 83( €32) 68( €85) 7u( 737) 79( 799) 84( 843) 90( 89%)
10710 (3) 79(1011) 83(1130) 98(1284) 109(1383) 11S(1517) 130(1657)
10/10 (&)  101(1011) 113(1130) 125(1254) 138(1382) L1E2(1517) 166 (1657)
10710 (5)  114(1445) 129(1633) 145(1844) 162(2061) 180(2289) 193 (2528)
13/10 (6)  145(1445) 164 (1639) 184(1844) 206{2061) 22%(2238) 253 (2527)
20720 (1) 99( 316) 108( 42) 116( 3IE€9) 124( 3IS5) 132( 421) 141 ( 448)
20/20 (2)  126( 318) 137( 3I2) 147( 3€9) 158( 395) 16S( 421) 179( 448)
20/20 (3) 129 &11) 163( 454) 156( 4S8) 171( 543) 18S( 590) 200( 633)
20720 (&)  164( 411) 181( 454) 199( LS8) 247( 543) 23IE( 530) 2535( 538)
20/20 (5)  163¢ 519) 1831 531) 203( €45) 224( 713) 24&( 783) 263( B858)
20/20 (6)  208( 519) 232( S81) 258( £45) 285( 717) 3I13( 783) 342( B5E)
5/20 (1) 68( 853) 73( 935) 79(1007) B8E5(1079) 90(1151) 95(1222)
5/20 (2) 79¢ 790) 86 ( 856) 92( 922) 93¢ 988) 105(1053) 112(111S)
5/20 (3) 95(1224) 107(1353) 118(1500) 129 (16LE) 141 (1797) 153(1853)
5/20 (&)  117(11€9) 130(1301) 1L4(14638) 158(1580) 172(1728) 188(1830)
5/20 (5)  130(1651) 146(1862) 164(2083) 182(221€) 201(2581) 221 (281€)
5/20 (6)  16011603) 181(1310) 203(2923) 226(225R) 2S50(24S9) 275(2751)
5/50 (1)  129C 823 140( 392) 151( S€1) 162(1029) 172(1098) 133 (1168)
S5/60 (2) 1420 711) 154( 770) 166( 820) 172( %89) 190( 94B) 201(1007)
5,40 (3)  156( 992) 171(1091) 187(1192) 204(1296) 220(1402) 237 (1511)
5/40 (4)  180( 901) 199¢ 393) 218(¢1082) 237 (1185) 257(1285) 278(13323)
5/40 (5) 183(1199) 210(1335) 232(4147%) 255(1622) 275(1774) 306(1932)
5/40 (8)  224(1118) 243 (1247) 277(13€3) 305(1524) 32L(1671) 385 (1823)
10720 (1) 77( 487) 83( S28) 89(¢ 5€S) 96( 509) 102( 650) 108¢( 690)
10720 (2) 95( 474) 103( 514) 114( £53) 119( 593) 12€( 532) 134 672)
10720 (3)  108C 674 117( 747) 129( 823) 142( 901) 154( 982) 167 (106€)
10/20 (&)  133¢ 664) 147( 736) 162( 811) 178( 88%) 1S4( 959) 210(1052)
10720 (5)  140( 890) 157(1000) 175(1117) 195(1239) 215(1367) 236 (1500)
10/20 (6)  17€( 881) 198( 991) 221(1106) 245(1228) 271(1355) 297 (1437)
NOTES= (1)SLLIPTIC CYLINDRICAL FUNCH, (2) RECTANGULAR CYLINDRICAL PUNCH

(4) REGCTAMGULAR PRISN WITH 45



GONGRET®
TIRE FPRINT

L (INJ) 6.0

5 {1 14(1048)

5 (2) 33(2519)

5 (3 55(4203)
10 (1) 27 ( 524)
10 (2) 47( 832)
13 (3) A3 (1313)
15 (1) L1( 349)
15 (2) 30( E13)
15 g2¢ 700)
20 (1) 55( 252)
20 (2 76( 354)
20 (3 95 ( 459)

TABLE ¢

WHEEL LOAOS (IN KIPS,) TO INDUCEZ SHEAR PUNCH
TIRE PRESSURES (IN PSI.) ARE GIVEN IN PASENTHESIS
TIRE PRINT GEZCMETRY USED 8Y J.MOE=-P.C.A.
SYLINDER STRENGTH= 2500 PSI,

SLAB THICKNESS (IN INJ)

6.5 740
15(1138) 16(1222)
37(2862) 4$2(3225)
63(4838) T72(5517)
30( 5638) 32( €11)
52( 999) 58(1112)
78(1493) 88 (1E£85)
45( 373)  48( 407)
§7( 570) 74¢( €30)
93¢ 790) 106( 835)
53¢ 234) 64( 208)
32( 392) 90( 431)

108( 515) 120( S74)
TABLE 10

7.5

1701310)

L7 (3609)
82(6239)

3Ll 655)
8 (1230
93(1337)

51 ¢
81¢(
116 ¢

£37)
6532)
934)

58(
EER
133¢

327
471)
536)

8.0

1801337
E2(401 D)
c€2(7aue)

37( 639)
71(1352)
1100(2101)

55( 4686)
g3{ 7586)
128(1039)

T30 349)
107C 813)
146 ¢ 700)

WHEZL LOADS (IN KIFS.) TGO INDUCE SHEAR PUNCH

TIRE PREZSSURES (IN PSIV)

CCNCRETE CYLINDBER STRENGTH= 3000 PSI.

(IN

IN.)
7.5

19(1435)
52(3953)
83(6A3%5)

330 717
70(L347)
103(2067)

56 479)
89( 753)
127 (1079)

75 (
108«
146(

35
16)
638)

ARE GIVEN IN PAREINTHESIS
GEOMEZTRY USED RBY J«MOE=-P,C.A.

8.0

20{1530)
E714398)
100(767%)

40 7651
77 (1481)
120(2301)

g0 S510)
c7( 823)
140(1133)

300 383)
1170 562)
1eQ0( 767)

845

19(1u84)
58 (4437)
102(731¢€)

39 742)
77 (1480)
122(232¢%)

58 495)
37 ( 823
141(11388)

78¢C 371)
116 ( 5E6)
160( 767

845

21(18628)
A4 {4 26M
112 (852

430 313
B5(1622)
1332547

B4 ( 5u2)
196 901)
154(1313)

85 ( LO7)
1270 609)
176 ( 8403

- WP KD D W D D W DA D D W WD N D D D D W A D W WD S D D WS D - R AN D ) DD N D G A WD W WY D D D -

NOTZS=

TIREZ PRINT

RINT
Ne) 5.0

(1) 15(1143)
(2) 36(2759)
(3) 80(4608)
(1) 300 574%)
(2) g1 ( 377)
(3 75(1438)
(1) 45(¢ 333)
(2 56( £62)
(3 90 ( 7867)
(1) 60 ( 287)
(2) 31 283)
(3) 135( 503)

(1)CYLINDRICAL

SLA3 THICKNESS
8.5 7.0
16(1243) 18(1333)
L1(3138) 4€(3833)
83(5300) 791€043)
33( 622) 35( €71)
57 (409%) 64(1218)
36 (1636) 96(1848)
490 414) S3C 446)
73( 825) B81( £€99)
1020 865) 114( <39)
A5( 311) 70( 235)
30 429) 99( 472)
113 Sen) 131( €29)
PUNCH, (2)&5 DECREE

-30=

€5 DEGREE

COME



TIRE

TABLE 11

WHEZL LOACS (IN KIPS.) TC INDUCE SHEAR BUNCH

PRESSURES (IN PSI.)

ARE GIVEN IN PARENTHESIS

TIRE PRINT GEOMETRY USED BY J.MOE=P,CL.A,
CONGRETE CYLINDEP STRENGTH= 3500 PSI.

6.0

16(1240)
39(2981)
85(4973)

32( 621)
55(1055)
81 (1553)

49 (
71¢
g7 (

413)
607)
828)

65 (
38¢(
114¢

310)
413)
543)

WHEZZL LOACS (IN KIPS.) TG
TIRE PRESSURES (IN PSI.)
TIRE PRINT GEQOMEZTRY USED

SLAB THICKNESS (IN IN.)

8.3 7.0
18(1343) 1¢(144%5)
L4(3386) 50(32816)
75(5724%) B85(€E27)
35( 672) 38( 723
5201182) 659(1316)
92 (17673 104(1233)
£3(0 448) S7C 432)
79( 675) 88( 745)

110C 936) 123(1047)
70 336) 76( 282)
97 463) 107(C 1)

127( 610) 142( €79)

TABLE 12

ARE

7.5

20(1550)
56{(4270)
9E(7383)

L1( 775)
76 (145%)
117(2232)

61( 517)
g6 819)
137111 865)

81 ¢
117¢
1574

387)
EE7)
752)

CONCRETE CYLINDOER STRENGTH= 4000 PSI.

5.0

17 (1325)
42(31886)
89 (£318)

351 €63)
53(1128)
37 (1€80)

20 442)

76 ( 649)
104 ( 885)

ER
94 (
121 ¢

331)
443)
531)

SLA8 THICKNESS (INM IN.)

€.5

13 (143€)
L7(3520)

80(511S)

33( 7128)

66 (1254)
33(1388¢)

SE(

35¢(
118¢

473)

721)
3383)

75 (
104
136¢(

359)
495)
652)

7.0

20(1E45)
53{4079)
91(5¢738)

40 773)
7401405)
111(2131)

61( ©15)

94 ( 797)
132(1119)

81( 337)
114 ( 545)
152( 7286)

7¢5

22(16%7)
60(45EL)

103(73392)

L3( 8238)

31 11555)
125(2387)

B5( £352)
103¢ 87%)
14601243

87C L1ib)
125( 596)
168 ( 804)

8.0

22(1€E3)
E2{4743)
1081(82390)

43( 827)
84(1800)

1101248¢€)

85( 551)
105( 339%)
152(1288)

86 ( 413
127 ( 807)
173¢C 328)

INDUCE SHEAR PUNCH
GIVEN IN PARSNTEESIS
BY J.NOE‘P-C.A.

3.0

2301787)
£6(5078)

115{838862)

Ls( 884)

83(1711)
133(2€57)

€9{ 589)

113 957)
1€2(1377)

92 L42)
136( 649
185( 88%)

845

23(17%6)
859(52E0)
121(3248)

46( 87¢8)
392 (1752)
144 (2751

89( 5¢&98)
115C 974)
1587 (1418)

92( 439
137 ( 657)
130 ( 307}

8.5

25(1878)
73(5612)
129(3887

49 ( 939)
28 (137
154 (2941)

h{ 52¢)

122(1041)
178(1518)

98( 4EQ)
147¢ 703
202( 970

D S T L R MR WS Am D AR N WD WD AN D D W T WD W e S Wh G NP ED AR R UD NP AR W D D ND N AR NS D W Am D A R D Y R AR A - -

TIRE PINT
L (INe)
5 (1)
5 (2)
5 (3)
10 (1)
10 (2)
10 (3
15 (1)
15 (2)
15 (3)
20 (1)
20 ()
20 (3)
TIRZ PRINT
L (INs)
5 (1)
5 (2)
5 (3)
10 (1)
10 (2)
10 (3)
15 (D
15  (2)
15 (3)
20 (1)
20 (2)
20 (3
NOTES=

(1) CYLINDRICAL

PUNCH,

(2)45 DEGREE

-3l



TIRE PRINT

L (IN.)

5 (1)

5 (2)

E (3
10 D)
10 (2)
10 (3
12 (D
15 (2)
15 (D
20 (1)
20 (2)
20 (3

WHZZL LOALS (IN KIPS.)
TIRE PRESSURESS
TIRE PRINT GeOMEZTRY USEC
CONCRETE CYLINDER STRENGTH= 4500 PST.

18(14086)
44(3230)
7T4(5639)

37¢C 703)
63(1196)
92(1761)

551 469)
31( 588)
110 ¢ 939)

73(
39 (
129 ¢

3s1)
47%)
616)

WHEZL LOAOS (IN KIPS.) TGO
TIRE PRESSURES (IN PSI.)

TIRE PRINT GEQOMETEY USED

CONCRETE
TISE PRINT
L (INJ) 6.1
5 (D 13 (1482)
5 (2) 47 (3562)
5 (3 73(E344)
10 (1) 39( 741)
10 (2) 86(1261)
13 (3 97 (1858)
18 (1) 58 ( 494)
15 (2) R5( 723)
15 (3 116 ( 39910)
20 1) 77(C 270)
20 (2) 195(¢ 500)
20 (3 135( 649)
NOTES= (1)CYLINORICAL

TABLE 13

(IN PSI.)

TG
ARZ

SLAB THICKNESS (I
Be5 7.0
20 (1523) 21 (1€4m
50(3839) 57(4327)
85(6491) 97(7401)
40( 761) 43( 220)
70(1341) 78(1492)
105(2003) 118(2260)
80( 508) 8B4( £E47)
930( 765) 93( £45)
125(1060) 140(1187)
80( 381) 8E( 410)
110( 526) 121( 573)
145( 531) 161( 770)
TABLE 14

AREZ

N INe.)
~ 7B

23{1757)
A3(4841)
103(8371)

L6( 879)
36(1650)
132(2532)

f9( £86)
109(C 929)
15511321)

92( L2
1372 832)
178( 8E3)

CYLINDZR STRENGTH= 5000 PSTI.

SLAS THICKNESS (IN IN.)

65

21 (1505)
53(4047)
83(5842)

42( 303)
7H(1413)
110(2112)

€3( 53%)
35( 808)
131(1117)

34 ( 401)
116 554)
152 729)

PYUNCH, (2)45 DEGRE

7.0

23(1729)
80 (4561)
102(7802)

LS ( 864)
82(1572)
12€(2283)

68( £75)
1088( &831)
147(12851)

8¢ 43I2)

127( €09)
170 812)
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7.5

24(1852)
67(5103)
115(882¢4)

Lg( 925)
91 (1739)
140(2669)

73 617)
115 979
166 (13392)

97 { 4€3)
139( £5%)
1881 £8399)

.INDUCE SHEAR PUNCH
GIVEN IN PARENTEESIS
BY JoMOE‘pnC-Ao

8.0

26 01874%)
70(5333)
123(93¢99)

83( 937)
95(1214)
147 (2818)

730 €2%)
119(1015)
172(1461)

a8 ( 469)
1440 539)
1¢6( 339

INQUCE SHEAR PUNCH
GIVEN IN PARENTHESIS
3Y J.MOE‘paCvo

3.1

26{197¢)
74{5675)
1231(92018)

€2( 938)
14001313
185(2971)

77 659)
1260107 M
181(1580)

1030 4S4)
152¢C 72%)
207 39¢n)

8.5

26 (1992
78 (5953)
137 (#43,)

52 39¢)
104(139%6)
163(3120)

78( BEL)
130(1108
189(16(8)

106 ( LS8
156 ( 745)
215(1029)

3.5

27€20¢9)
32(627%)
144 (*0E.)

5501080
109(2n6L)
172(3238)

82 700)
137 (11e)
199 (1€9%)

110C 52%)
164 ( 788
227 (1netL)



TAELE 1¢

WHEEL LOACS (IN KIPS.) TO.INDUGE SHEAR PUNGH
TIRE PRESSURES {IN PSI.) ARE GIVEN IN PARENTHESIS
TIRE PRINT GECMETRY USEC 3Y J.MOE-F.C.A.

CONCRETE CYLINDEZR STRENGTH= 5500 PST.

TIRPE PRINT SLAB THICKNESS (IN IN.)
L (INJ) 6.0 6.5 7.0 7.5 8.0 8.5
5 (1) 20(1554) 22(1684) 24(1813) 25(1943) 27(2072) 29(2202)
5 (2) 43(3735) 55(4245) 63(4783) 70(5352) 78(5952) 86(6581)
5 (3 81(6234) 94(7176) 107(8183) 121(9253) 136(*29,) 152(*5¢,)
10 (1) 41 ( 777) u4( 842) &7( <07) 541( S71) S4(1036) 58(1101)
10 (2 69(1323) 77 (1482) 86(1€49) 95(1824) 105(2906) 115(21¢&?
10 (3 102113947) 116(2215) 131(2499) 146(2799) 1£3(311€) 180(35442)
15 (1) 61( 518) 66('561) 71( €04) 76( &43) 81( 631) 86( 734)
18 (2 89( 761) 939( 8468) 110( 93%) 121(102€) 132(1122) 144(1221)
15 (3) 122(1038) 138(1171) 154(1312) 172(14560% 190(1615) 209(1777)
20 (1) 81 ( 383) 38(C 421) 95( 4S3) 102( 486€) 108( 518) 115( 5EM)
20 (2 110( S525) 121( 581) 134( €39) 146( €99) 153( 7B81) 172( B24)
20 (3) 142( 681) 1€0( 764) 178( 851) 197( 943) 217(1038) 2381137
TABLE 1€
WHEEL LOAOS (IN KIPS.) TC INDUCE SHEAR PUNCH
TIRE PRESSURES (IN PSI.) ARE GIVEN IN PARENTHESIS
TIRE PRINT GEOMETRY USED 38Y J.MQEZ-P,C.A.,
COMCRETE CYLINBER STRENGTH= 6000 PSI.
TIRE FRINT SLAB THICKNESS (IN IN.)
L (IMN) 6.0 8.5 7.0 745 8.0 8.5
5 (1) 21(1€23) 23(1759) 25(1894) 27(2029) 281(2164) 3I0(2310)
5 (2) 5103902) 58(4433) 65(4¢€36) 73(5530) 31(6216) 90(687L)
g (3 ' 85(8511) 98(7u4395) 112(8546) 126(86668) 182(*85.) 158(*11.)
10 (1) 62( 812) 46( 879) &4S( <47) £E53(1015) E7(1082) 60(1150)
190 (2) 720(1381) 81(1548) 936(1722) 100(1905) 110(209%) 120(2293
10 (3) 106(2034) 121(2313) 138(2€10) 153(2924) 170{(3254) 188(3602)
15 (1) e4( 541) €9( 586) 74( €31) 80( 878) BS( 721) 30( 7€7)
15 (2) 93( 794) 10&4( 883) 116( <758) 126(1072) 138{1172) 150(127°%)
12 3 128 (1084) 144 (1224) 161(13703) 179(1525) 1<S8(1687) 218(18¢c¢)
20 (1) 85( 406) 921 440) 99 &73) 106( 5077 113( 541) 120( 57%)
20 (2) 1150 548) 127( 607) 140( €67) 153 730) 1€61 794) 130( ReD)
20 (3 143(¢ 711) 1E€7( 737) 186( 883) 206( 985) 227(1084) 248(1188)
NOTES= (1)CYLINORICAL PUNCH, (2)4E DEGRZE CONE, (3) &F DEGREE CONE
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TABLE 17

WHEZL LOADS ( IN KIPS.) TG INDUCE SHEAR PUNCH

TIRE PRESSURES ( IN PSI.) ARE GIVEN IN PARENTHESIS
USING FORMULA 8.9 OF FCA BULLETIN 047
CONCRETE CYLINDER STRENGTH= 2200 PSI.
TIRE PFRINT SLAB THICKNESS ( IN IN.)
R/ZR(IN) 6.0 - 6.5 7.0 75 8.0
5/ 5 (1) 50(1991) B4(2176) 59(23€0) 64(2545) €8(2730)
5/ 5 (2) 110(4381) 125(5004) 142(56€5) 153(6362) 177(7097)
5/ 5 (3) 178(7114) 206(E&240) 236(3445) 268(9999) 302(39999)
10710 (1) 83C 88h4) 93( 976) 107 (10€8) 1186(1160) 125(1283)
10710 (2) 14101414) 1561 (1510) 182(1816) 203(20%F1) 22€(2255)
10710 (3 202(2020) 234(2338) 267 (2€71) 303(3027) 340(3402)
20720 (1) 860(2150) 86E5(2162) 169( 422) 187 ( 468) 206( S1H)
20/20 (2) 1118(2795)114£(2965) 2281( 570) 258( &44) 283( 720)
20/720 (3) 1413(3533)1463(3669) 2G€( 739) 338( 845) 382( 9%86)
TABLE 18

AHEZL LOAOS ( IN KIFS,) TC INDUCE SHEAR PUNCH

TIRE PRESSURES ( IN PSI.) ARE GIVEN IN PARENTHESIS

USING FORMULA 8.9 OF FCA BULLETIN C&7

CONCRET=Z CYLINDER STRENGTH= 3008 PSI.

TIRE PRINT SLAS THICKNESSE ( IN IN,)
R/R(IN) 6.0 6.5 7.0 7.5 8.0

5/ 5 (1) 55(2181) 60(2283) 65(2%86) 70(2788) 75(292°0)
5/ 5 (2) 120(4729) 137(5432) 155(€206) 174 (E370) 1S4(777h)
5/ 5 (3) 13E8(7793) 22€{39027) 2£9(99%9) 294(92939) 3J31{(93999)
13710 (L) 97( 968) 107(1069) 117(117M 127(1271) 137(1372)
13710 (2) 155(1549) 175(17%4) 199(1S89) 222(2225) 247(26470)
10710 () 22102213) 255(2559) 293(2928) 232(3315) 3I73(3726)
20720 (1) 942(2355) <S48(2369) 185( L4E2) 205( 513) 228( 583)
2020 (2) 1225(3062)1256(3139) 250( €2%) 282( 70%) 31€( 789)
20720 (3) 1548(2879) 1€08(4020) 324 ( 809) 3I70( 925) L1<S{1047)
NGTES= (1)CYLINDRICAL PUNCH, (2)45 DEGREE CONE, (3)6E DEGRE

ALL PRINTS ARE SQUARE

-34a

8.5

73(2914)
197 (78683
338(9999)

135(1345)
249 (2438)
380(379¢€)

224 ( 561)
320¢ 799)
429(1071)

8.5

80 13192)
215 (861 9)
371 (3999)

147 (1473)
273(272¢)
415(4159)

246 0 614)
350( 875)
463 (1174)



TABLE 19

WHESL LOACS ( IN KIPS.) TC INNUCE SHEAR PUNCH
TIRE PRESSURES ( IN PSI.) ARE GIVEN IN FPARENTHESIS
USING FORMULA 8.9 CF FCA SULLETIN D47

CONCRETE CYLINDER STRENGTH= 3500 PSI,.
TIRE PRINT SLAB THIGKNESS ( IN IN.)
R/R(ING) 6.0 6.5 7.0 745 8.0 8.5
5/ % (1) 59(2356) 6H4(2574) T70(27S3) 75(3011) 81(3220) 86(3448)
5/ 5 (2) 130(5183) 148(5321) 168(6703) 138(7528) 21n(8397) 233(331M
5/ 5 (3 210(8418) 244 (9750) 279(3993) 317(9999) 358(3999) 400 (9999
10710 (1) 105(1045) 115(1155) 126(12€4) 137(137) 1#8(1@82) 159 (1£92)
10711 (2) 167(1673) 1391(13905) 215(2149) 240(2403) 2€7(26€8) 294 (2944)
10710 () 239(2330) 27€(2764) 3I16(31€1) 258(3581) 402(4025) L43(LLID)
20720 (1) 1013(2544) 1023(2559) 200( 4c3) 222{ 554) 263{ 609) 265( 663)
20/20 (2) 1323(3307)1356(3390) 270( &74) 305( 762) 341( 852) 378( 9u8)
20720 (3) 1672(4180)1737(L342) 3E0( 87%) 4OO( 999) LB52(1131) 507 (1268)
TABLE 20
WHEEL LOATS "¢ IN KIPS.) TO INDUCE SHEAR PUNGCH
TIRE PREZSSURES ( IN PSI.) ARE GIVEN IN PARENTHESIS
USING FORMULA 8.9 OF FCA 3ULLETIN 047
CONCRETE CYLINDER STFRENGTH= 4000 PSI,
TIRE PRINT SLAB THICKNESS ( IN INJ)
R/R(IN) 5.0 6.5 7.0 745 8.0 8.5
5/ 5 (1) 63(2519) 69(2752) 75(298R) 80(3219) E6(34E3) 92(368¢€)
5/ 5 (2) 133(5541) 158(€330) 179(71€6) 201(8048) 224(8977) 2439(99532)
5/ 5 (3 225(8999) 261(9339) 299(9<S39) 333{(3999) 382(9999) 423(S999)
10/710 (1) 11201118 1223(1234%) 135(13%1) 147(1468) 158(1535) 170(1701)
10719 (2) 179(1788) 204(2037) 230(22¢S7) 257(256%) 28c(2852) 315(3143)
108710 (3) 256(2555) 29£(2355) 338(3379) 383(3828) 4L30(43IN3I) LBO(4802)
20/20 (1) 1083(2720)1094(2735) 214( 534) 237( 592) 260( B51) 284( 70¢2)
20720 (2) 1414(3535) 1450(3624) 288( 721) 328(C 814) 3eu{ 311) 40u(101M)
20720 (3) 1782(4469) 1857 (4€41) 374( 93I5) 427 (1068) 483(1209) 542(1355
NOTES= (1)CYLINDRICAL PUNCH, (2)45 DEGREE CONE, (3)6F% DEGREE CONE

ALL PRINTS ARE SQUARE
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TABLE 21

WHEZZL LOADOS ( IN KIPS,) TG INDUCE SHEAR FUNCH
TIRE PRESSURES ( IN PSI.) ARE GIVEN IN PARENTHESIS
USING FORMULA 8.9 CF FCA BULLETIN 047

CONCRETE CYLINGER STRENGTH= 4500 PRSI,
TIRE FRINT SLAB THICKNESS ( IN IN.)
R/R(IN,) 6.0 8.5 7.0 75 8.0
5/ 5 (1) 67(2671) 73(2319) 79(3167) A35(34i4) QZ(3662)
5/ 5 (2) 147(5877) 168(6714) 190(7600) 213(8536) 233(8522)
5/ 5 (3) 239(9545) 276 (<999) 317(3¢<<9) 360(9999) 4(0€(38399)
10710 (1) 113(1185) 131(1389) 143(1433) 156(1557) 1€3(1631)
10710 (2) 190(1897) 21€(2160) 264 (2436) 272(2725) 3C2(302%5)
10710 (3) 271(2710) 313(343%) 358 (3ER4) 4LOE(LOB1) LEEF(L45EL)
20/720 (1) 1154(2885) 1161(2901) 227( 5€6) 251 ( 628) 27¢( 6930)
29720 (2) 1500(3750) 1538(3844) 306( 7€S5) 3u6{ 864) 38e( 966)
20720 (3) 18G86(4740)19693(43823) 397 SS1) 453(1133) 513(1232)
TABLE 22

WHZEL LOACS ( IN KIFS.)
TIRE PRESSURES ( IN PSI.)

TC INDUCE SHEAR FUNCH
ARE GIVEN IN PARENTHESIS

USING FORMULA 8.9 CF FCA 3ULLETIN D47

8.5

93(3910)
264 (9999
454 (<999}

180(180%)
334(3329)
503(209)

301( 752)
423(1072)
575 (14 37)

8.5

103(4121)
278(99399)
L473(2399)

13n(180a2)

352(3519)
537(5369)

317 ( 793)
45201130
806 (1515)

CONCRETE CYLINGER STRENGTH= 5000 PSI.

TIRE PRINT SLA3 THICKNESS ( IN INJ)
E/R(IN.) 8.0 6.5 7.0 7.5 8.0

5/ 5 (1) 7002818) 77(32077) 83(3338) 930(3539) 97(38eM)
5/ 5 (2) 155(6195) 177 (74977) 200{(8014L) 225(3398) 251(3999)

5/ 5 (3) 252(9999) 291(S3939) 3I34(3<Sc9) 3793(3999) 428(93999)
10717 (1) 12501257 133(1330) 151(1511) 154(1641) 177(1772)
10710 (2) 200(1999) 228(2277) 257(2E€38) 237(2872) 315(3139)
10719 (3) 286(2857) 230(3303) 3I78(3778) 4283(L280) 481(4811)
20720 (1) 1215(3041) 1223(3058) 2339( £37) 265( 66?) 291( 727
20720 (2) 1581(3953) 1€21(4g52) 322( 806) 364( 911) 407(1013)
20/29 (3)  1998(4995)207€(5189) 418(€1045) 473(1195) 541(1351)
NOTES= (1)CYLINDRICAL PUNCH, (245 DEGREE CONE, (3)6S

ALL PRINTS ARE SQUARE

-36-
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TABLE 23

WHEEL LOATS ( IN KIPS,) TO INDUGCE SHEAR PUNCH
TIRE PRESSURES ( IN PSI.) ARE GIVEN IN PARENTHESIS
USING FORMULA 8,9 OF FCA SULLETIN 047
CONCRETE CYLINDER STRENGTH= £500 PSI,

TIRE PRINT SLAB THICKNESS ( IN IN,)

R/R(IN.} 6.0 6.5 7.0 7.5 8.0 8.5
5 (1) 74(2953) 81(3227) 88(3501) 94(3775) 101(4049) 108 (4322)
5/ 5 (2 162(5498) 186 (7423) 210(8402) 236(9437) 263(3999) 292 (9999
37 5 (3) 264(3999) 206(S999) 350(9999) 398(939993) L4A(9399) 502(S999)
10710 L) 131(1311) 145(1447) 158(1584) 172(1721) 18€(1358) 200(1935)
11/19 (2) 210(2097) 239(2388) 2€3(2693) 301(3012) 334(3345) 369(3691)
10710 (3) 300(2997) 2L€(34565) 396(39€2) LLI(LL489I) 505(5045) S563(5631)
20720 (1) 127€(3189)1283(2208) 250( 626) 278( 69%5) 30S( 783) 3I33( 831)
20720 (2) 1658(41L6) 1700(4250) 338 ( 845) 382( 955) 42711068) 474 (113%)
20720 (3) 2096(5240) 2177 (5442) 438(1096) 501(1253) 587 (1417) E36(1589)
TABLE 24
WHEZL LOACS { IN KI®S,) TO INDUCE SHZAR FUNCH
TIRE PREZSSURES ( IN PST,.,) ARE GIVEN IN PARENTHESIS
USING FORMULA 8.9 OF FCA 3ULLETIN D47
CONCFETE CYLINCER STRENGTH= 5000 PSI.
TIRE PRINT SLAB THICKNESS ( IN IN.)
R/R(INS) 6.0 6.5 7.0 7.5 8.0 845
5/ 5 (1) 7703085) 84(3371) 91(3857) 99(3943) 10€(4229) 113(4515)
5/ 5 (2) 170(6786) 134 (7753) 219(8776) 246(38857) 278(99399) 305 (9999
5/ 5 (3) 278(3999) 319(9999) 3€6(3999) 416(39939) 4€B(39399) 524 (3339
10710 L 137(13€9) 151(1512) 165(1€E5) 130(1738) 1c4(1341) 208(20384)
19713 (2) 219(2190) 249(249F%) 281(Z813) IL5(3148) 343(3493) 386(3855)
10710 (3) 313€(3130) 362(2619) G1&(41328) 469 (4€£89) F27(5270) E83(5881)
20720 (1) 1332(3331)1340103350) 262( €E4) 230( 728) 31¢( 797) 347( 868)
29/20 (2) 1732(4330) 1775(4439) 353 ( 883) 3I99( 997) 4LAHE(1116) 495(1237)
20720 (3) 2183(5473) 2274 (5€85) 458(1145) 522(1309) 5SZ2(1420) 664{1660)
NOTZS= (1)CYLINDRICAL PUNCH, (2)45 DcGREE CONzZ, (3)86Z DEGREE COANE

ALL PRINTS ARE SQUARE
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Fig. 1 Shear Cone Model
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Fig. 2 Elliptical Tire
Print

0.3L
|._o.4L--|
— v —

Fig. 3 J. Moe Tire
Print Model
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Fig. 4 General Finite Element Model For
Various Slab Configurations
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