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Introduction

Concrete as a paving material has proven very successful. Its
structural strength, desirable surface characteristics, durability
and economy make it suitable for the highest type pavement. However,
cracking, a serious defect in early concrete roads, has mot yet been
completely brought under control.

The first concrete pavement was built in Bellefontaine, Ohio,
in 1893, but widespread use of concrete as a paving material did not
occur until the arrival of the automobile and rubber tire. Wayne
County, Michigan, in 1909, started comstruction on the first of an
extensive system of concrete county roads, after which the use of
concrete for pavements developed rapidly. The automotive industry
made great strides in its early years while the highway departiments
tried to provide suitable roads. Increasing speeds and heavier loads
necessitated constant changes in design.

At first, conecrete pavemenis were poorly designed and constructed.
However, due to extensive research, the quality of the Portland Cement,
the design of the concrete mix, and the equipment for placing the
concrete were greatly improved in a relatively short time. Also,
elaborate studies of the structural action of concrete pavements
produced a wealth of valuasble data. A conecrete pavement can now be
designed to meet almost any requirement. By thickening certain
gections of the slab which may be subjected to greater stresses than
other sections, and by proper spacing of joints, a uniform structural

strength may be economically balanced throughout the slab.



The siresses are greater at the outer edges of the slab because,
in the case of edge loading, the maximum stress is uni=-directional
and parallel to the slab edge; whereas, in the case of interior load-
ing, the maximum stress acts radially from the load as a center and
is equal in all directions. Therefore, it is common practice to
thicken the edges of the pavement to aid in the distribution of these
stresses. The thickened edge is of little value, however, unless
the slaeb is reinforced. The chief function of the reinforcing is to
control the cracking. Longitudinal cracking mey be almost completely
eliminated by dividing the slab into comparatively narrow strips, but
transverse cracks are not as easily controlled. Clifford Older has

the following to say concerning transverse cracks: (1)

(1) Clifford Older, Crack Ococurrence and Control in Concrete Pavement,

Engineering News-Record, p. 50, July 9, 1931

“Transverge crscks mey or may not detract from immediate service-
ability, but their influence on ultimate life and annual maintenance
cost is of serious concern for two primary reasons.

"First, they transverse the thin mid-portion of thickened edge
slabs or basesj and therefore, if not thoroughly doweled or prevented
from widening during contraction, they expose the adjacent slab edges

to destructive live load stresses.

*Second, if not prevented from widening by bonded wire mesh or
bars or kept permanently sealed by other means, nightly and seasonal

contraction encourages the more or less rapid filling of the open



cracks with incompressible silt or soil. Upon re-expansion, cracks
wholly or partly filled with soil camnot again completely close and
the adjacent sections or a whole series of them will be pushed toward
the nearest expansion joints. This action repeated many times during
the early life of the pavement sooner or later completely closes the
expansion joints and defeats their purpose of relieving the pavement
from excessive compression stresses whenm the temperature or moisture
content rises and the pavement expands. OCrack control is, therefore,
a matter of prime importance.”

When sufficient reinforcing is ueed, these cracks are held closely
together and load transfer is possible by aggregate interlock action.
Thus instead of a few wide cracks, a number of fine cracks are formed
and they act as hinged joints creating a more or lees flexible pave-
ment. None of the load carrying capacity of the pavement is lost if
these cracks are kept tightly closed. The Highway Research Board
claims that if these cracke are not greater than .027 inches, the
load transfer capacity will not be lost and dirt will not fill the
cracks. The use of reinforcement has alsc been found to give good
protection against the detrimental effects of unpredictable condi-
tions which cause tension in the coucrete and thus a possible failure.

In 1931 and 1932 tests were conducted by the Michigan Highway

Depertment (2) to determine the effectiveness of aggregate interlock

(2) A. C. Benkelman, Tests of Aggregate Interlock at Joints and

Cracks, Engineering News-Record, p. 227, Aug. 24, 1933




in transferring shear and the value of reinforcing in increasing the
bond of cracks and joints. Loads were applied alternately at cracks
in the summer, fall, and winter and the amount of deflection measured
in each case. They found that in the summer the cracks in plain
pavement transferred 35 per cent of the load, the cracks in the mesh
reinforced pavement 48 per cent, and the cracks in the bar-mat rein-
forced pavement 48 per cent, In the fall the corresponding values
were 10, 47, and 49 per cent respectively and in the winter 12, 49,
and 48 per cent. From these tests, Mr. Benkelman draws the following
conclusionsi

*In case of the mesh and bar-mat reinforced pavement, average
values of transfer for the summer, fall, and winter loadinge indicate
that the steel has served in a most remarkable manner to hold the
slabs formed by the cracks tightly together. There is no effect,
whatsoever, shown by the alternation of load. This fact strongly
indicates that when roughened edges of two slabs are held firmly
together, the aggregate interlock may be expected to function per=-
fectly and permanently as a load-transfer medium,"

The critical property which usually limits the structural capa-
city of concrete pavements is its flexural or so-called "modulus of
rupture” strength. This strength usually varies from 600 to 800 psi.
Approximately fifty per cent is considered a conservative working
strength. There are many stress producing conditions to which &
concrete pavement may be exposed. The most important ones are
warping due to differential temperature, and wheel loads. Differen-

tial temperature alone can cause stresses of 400 psi or greater.



Wheel loads may cause 200 to 300 pesis Thus it is seen that these tweo

conditiones aslone can cause flexural stresses of 600 to 700 psi. (3)

(3) Royall D. Bradbury, Reinforced Goncrete Pavements, p. 5,

Wire Reinforcement Institute, 1938

Increasing the slab thickness will reduce the stresses due to wheel
loade, but on the other hand, it will increase the stresses due to
differential temperature. Thus it is apparent that slab thickness
alone cannot be used to control the intensity of flexural etresses.
Reinforeing, therefore, plays an important role in controlling these
flexural stresses.

Welded wire fabric reinforcing, one of the most common types of
reinforcement for concrete pavements, consists of parallel longitudinal
wires across which are transverse wires, electrically welded at each
interseetion, thus forming a mesh with square or rectangular openings.
The size and spacing of the longitudinal and transverse wires are
varied to give many different types of wire reinforcement. Some
combinations of longitudinal and transverse wires seem to be more
advantageous than others in regard to the comirol of crack opening,
slip, etc. MNumerous tests are being made to determine the best
combinations. The author has attempted in this thesis to determine
gome of the more favorable combinations which are most effective in
preventing crack opening. Although the tests are by no means complete,
they do give some definite and useful data on the subject. This type

of test was suggested by the New Jersey State Highway Department,



Qbject of Investigation

To date very little work has been done on the subject of the
amount of crack opening for different loads on concrete pavement.
It is a known fact that these cracks must be held together suffi-
ciently to have aggregate interlocking action if the pavement is tc
transfer loads from one edge of a crack to the other. The maximum
permisseble opening has been set at .027 inches by the Highway
Research Board.

The author hes attempted in this investigation (1) to deter-
mine the effect of different spacing and different sizes of longi-
tudinal and transverse wires in controlling crack opening im concrete
pavements; (2) to obtain date which will aid in the design of rein=
forcing for highway pavements to control cracking and prevent the
loss of aggregate interlock action; (3) to determine the limiting
size and spacing of transverse wires of wire mesh reinforcing.

A preliminery test on the effect of pickeling reinforeing rods
in acid was also made to determine if some such method could be
used to increase allowable bond stresses.

There are several questionable factors in regard to the correct
amount of reinforcing steel to be used in concrefo pavements for
highways. The Wire Reinforcement Institute has an extensive research
program in progress to further the use of wire mesh reinforecing by
eliminating some of the guesswork in regard to the amount of rein-

forcing required in concrete highway slabs.



The first series of tests in this program was performed at the

Missouri Sehool of Mines and Metallurgy by lr. E. A. Weinel,(%)

(4) E. A. Weinel, The Mechanicsl Anchorsge Value of the Transverse
Wires in Welded Wire Fabric, Missouri School of lMines and

Metallurgy, 1948

His problem was to ascertain the effect on bond of varying the length
of embeddment and the mechanical anchorage value of transverse wires
in welded wire fabric. For the tests on bond, single lengths of plain
wire were embedded varying lengths and pull=-out tests were performed.
For the anchorage tests, uMr. Welnel used a single length of longi-
tudinel and a single length of transverse wire. The surface of the
longitudinel wire was greased to release the bond, thus testing only
tge mechanical enchorage of the transverse wires. He concluded that
the transverse wires of the welded wire fabric, acting as anchorage,
did not allow appreciable slip until the welds failed in shear.

These tests also proved that a single weld was capable o¢f developing
about 90% of the tensile strength of a single longitudinal wire,
provided the weld was sound.

Mr. A. A. Becker conducted the second series of tests on welded

wire roinforcement.(s) These tests were similar to Mr. Weinel's

(5) A. A. Becker, Interrelationship of Transverse Anchorage and
Adhesive Bond in Welded Wire Reinforcement, Missouri &chool of

Mines and Metallurgy, 1949




except that the longitudinel wires were not greased and a more
exhaustive study was made. The results of these tests seemed to
indicate that the adhesive bond om the longitudinal wires plus the
mechanical anchorage of the transverse wires in most cases was
considerebly greater than the tensile strength of the longitudinal
wires. The amount of slip for different types of wire mesh du; to
uniformly increasing loads was plotted on graphs. The amount of
elongation was found to be negligible and was, therefore, neglected
in determining slip. Mr. Becker also conducted a series of experi-
ments to determine the effect of two and four weeks rust on the
bond. These tests will be used as a comparison for the pickeling
tests in this paper.

In line with the preceding experiments, the author hopes to
add valuable data which may be used to give a more thorough know-
ledge of the use of welded wire mesh. This research problem is
part of the Wire Reinforcement Institute's program, and it is
believed that the information obtained should be of value in that
it will aid in the actual design of pavements to control cracking

when wire fabric is used as reinforcing.



Materials Used in Test Beams

All test beams were poured and tested in the materials labora-
tory of the Civil Engineering Department of the Missouri School of
Mines and Metallurgy. The materials used are described as follows:

Reinforcings The wire used in this investigation was furnished
by the following members of the Wire Reinforcement Institute, Inc.s
American Steel and Wire Company, Colorado Fuel and Iron Corporation,
Pittsburgh Steel Products Coupany, Truscon Steel Company, Laclede
Steel Company, and Keystone Steel end Wire Company. The mesh was
all new, cold-drawn, structural steel wire in sheets., Cold-drawn
wire has no definite yield point at, or near, its elastic limit.
Therefore, it tends to resist stress throughout its entire strength
range without revealing any sudden excessive elongation such as
develops in a hot rolled bar at about 60 to 65 per cent of its
ultimete strength. Cold~drawn wire is, therefore, much better than
hot rolled wire as concrete pavement reinforcing because it will {end
to prevent excessive cracking due to elongation, since the steel can
be siressed almost to the ultimaie before any appreciable elongation
occurs, The wire used in the tests satisfied the ASTM Bpecifications
for cold-drawn wire. Part of these specifications in brief are as
follows:

Tensile strength, min. psi - 90,000
Yield point, min. psi -~ 0.8 tensile strength
Reduction of area, min. per cent — 30

The same wire mesh was used by Mr. Becker in his investigations

and found to have the following properties (average values) s



Tensile Strength 80,000 psi

Yield Stress 75,000 psi

Per Cent Reduction of Area 60 per cent
Per Cent Elongation 3 per cent
Per Cent Carbon «12 per cent
Per Cent Manganese 42 per cent
Per Cent Phosphorus «012 per cent
Per Cent Sulphur «025 per cent

Test specimens were cut from sheets of wire mesh, the transverse
wires being about 3 inches long. The wire was free from rust. The
following gauges of wire were tested: longitudinal wiresi- #00, #2,
and #6; transverse wiresi~ #2, #3, #4, #6, and #8. #0O gauge wire
was used for the pickeling tests.

Gonerete: The concrete was made according to the specifications
for class A concrete set up by the Missouri State Highway Department.
The mix was designed to give an ultimate sirength of about 3,000 psi.
Approved Pacific sand and standard 4 inch limestone, the same as that
used by the Missouri State Highway Department, was used in these
tests. Commercial brands of standard and air-eantraining Portland

cement were used. The same mix that was used by Mr. Bockor(ﬁ) was

(6) Beckﬂr,: OPe cito, Pe 7

found suitable for these tests. A 1:2.2:3.2 mix with 6§ gallons of
weter per sack of cement was mixed in a 3 cu. ft. mixer. A compression
cylinder, six inches in diameter by twelve inches in height, was cast
for each batch of concrete. The average compressive strength was

over 3,300 psi.



Formss The forms were made from 4§ inch plywood and the sides
were lined with galvanized tin to permit re-use. The ends were
drilled for four hook bolts which were cast in the ends of the beams
for use in testing. A partition of galvanized tin was placed in the
center of the form meking two separate sections of comcrete. Wire
supports were used to hold the reinforeing in place during the pouring.
The forms were oiled with used motor oil before each pour,

Pickeled Steel: The steel used for the preliminary test to
determine the effects of pickeling on bond stress was cut from plain
#00 gauge wire. Pieces about one inch long were placed first in a
cold and then in a hot, ten per cent solution of sulphuric acid for
different intervals of time. A ten per cent solution was used be-
cause that is a standard solution and can be used commercially.

From the results of these tests, it was decided to try rods which
had been submerged in hot sulphuric acid, ten per cent solution,
for five, ten, and fifteen minutes. Three of each were embedded in
concrete ecylinders six inches in diameter and twelve inches in

height for pull-out tests. These cylinders were cured 28 days.



Test Beams and Testing Apparatus

8pecial beams were cast for determining the amount of crack
opening for different loads using various combinations of wire
fabric for reinforcing. (See Fig. l.) These beams were so
designed that when a load wes applied at the hooks on each end,
the reinforcing was the only thing thet held the beam together at
the mid-point. A partition of galvanized tin completely destroyed
any tension in the concrete. This partition was thoroughly
greased with cup grease to prevent any bond between it and the
concrete. The beams were forty-two inches long and the reinforeing
was cut as long as possible, no transverse wires being placed at
the mid-point of the beam. Three beams were cast of each type con-

taining the following reinforcings:

Test No, Long. Wire Trans, Wire Manufacture
1 1=~ 00 - 6" #3 - 6 Truscon
2 l-f2-6" #4 - 12 Truscon
3 1-#2-¢6" #8 - 6* Truscon
4 l-f2 -2 #2 - é* Pittsburgh Steel
5 1L=F2-4" #2 - 4" Pittsburgh Steel
6 l1=-f2-4" #8 - 6" Celo. Fuel & Iron
7 1-#2-3" #8 - 8 Keystone Steel
8 l1-§#2-23" #2 - 6" American Steel
9 l1-4#2=-3" #4 - & American Steel
10 l-§2-4" #8 - 12" Colos Fuel & Iron
1n 1-4#2-3" #2 - 12¢ American Steel
12 1-#6-6" #6 - 6" Laclede Steel



For dimeneions and location of the reinforcing see the sketch,
Figs 1. The transverse wires were approximately three inches long
and symetrically spaced about the mid-point of the beams.

Because of the width of the beams, 54", only a few types of
wire mesh with two longitudinal wires could be tested. These tests
should give some indieation, however, as to the effect of more than
one longitudinal wire. 8Several beams with two longitudinal rods
were cast but could not be tested at this time because the testing
machine was broken.

The beams were tested in a 200,000 pound Tinius-Olsen testing
machine, The machine hss three load scales, a 10,000, a 100,000,
and a 200,000 pound scale. The 10,000 pound scale was used in order
to obtain the greatest accuracy for reading the load. After the
beam was placed in the testing machine, two Ames dials were clamped
to the upper half of the beam and wooden blocks were clamped to
the lower half to act as stops for the dials. The loads were
applied by increments and readings were taken on the Ames dials
after each increment. The average readings on these dials measured

the actual creck opening at the mid-point when the load was epplied.

Pickeling Experiment

The steel for this test was pickeled in a ten per cent solu-
tion of hot sulphuric acid. A total of nine tests were made, three

at five minutes, three at ten minutes, and three at fifteen minutes



in the hot sulphuric acide These rods were embedded six inches
in concrete cylinders six inches in diameter and twelve inches in
height, After curing twenty-eight days, a pull-out test was
performed on a 20,000 pound Emery-Southwark testing machine which
is located in the Materials Laboratory of the Civil Engineering
Department at the Missouri School of Mines and Metallurgy. A test
cylinder was poured at the same time to determine the ultimate

strength of the concrete.
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l‘ig. 2

View showing forms ready for pouring. These beams were reinforced
with two longitudinal wires. However, they could not be tested at

this time due to a failure of the testing machine.
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Laboratory Progedure

After the forms were constructed they were essembled and oiled
with motor oil. The partition was gremsed and inserted between two
rows of finish nails which were used to hold it in place. The
partition was in two pieces to permit the reinforcing to be placed
through it. The bottom half wes inserted and the reinforcing placed
on top of it; then the top half was placed over the reinforcing.
Specially shaped wire supports were used to hold the reinforcing
in place while the beam was being cest. After the hook bolts were
placed in the ends, the forms were ready for pouring. (See Fig. 2.)

The concrete was mixed in a three cubic foot tilt mixer, one
mixer full being enough to caest three beams, all with the same
reinforecing. A test cylinder was cast for each series of three
beams. Thus one batch poured three identical beams and a test
cylinder. The concrete was carefully rodded when placed in the
forms. As was stated before, a 1 : 2.2 3 3.2 mix with 6 gallons
of water per sack of cement wes used. This concrete was found to
average about 3300 psi in compression after twenty-eight days.

The forms were stripped about two days after pouring and the
beams were either placed in a moist closet or submerged in a tank
of water for at least twenty-eight days. They were then ready
for testing.

Specially designed hooks were bolted on the anchor bolts and

the beam lifted into the 200,000 pound Tinius Olsen testing machine.



The top hook was fastened to a fixed head and the bottom to a movable
head. U=-bolts were designed to accommodate these hooks and were
bolted to the fixed and movable heads of the testing machine.
The gauges, Ames dials, described as Left and Right in the data
sheets were fastened to wooden strips and clamped to the sides of
the beam by means of bolts. These gauges were clamped to the fixed
end of the beam. Thicker wooden strips were clamped to the movable
end to act as stops for the Ames dials. These were carefully
ad justed to register the amount of crack opening between the two
halves of the beam. By placing these dials on the center line in
one direction and by having two dials, one on each side of the
beam, the average amount of crack opening was readily determined.
The beam was then ready for the load, which was applied in
increments and the left and right dials read after each increment.
Two hundred pound increments were used in most of the tests.
These loads were applied until the crack was opened too wide to
be of any practical value. In most cases the erack was opening
very rapidly at the end of the test. The load was then removed.
Loads were applied a second time in some cases but the informwation
was thought to be of little value and was, therefore, discarded.
The beams were smashed up with a sledge hemmer to permit re-use
of the anchor holts. In no case were the beams tested to failure.
The tests for the effect of pickeling on the bond stress of
reinforcing were conducted on a 20,000 pound Emery-Southwark
testing machine. A special rack was used to hold the rods in

plece while the cylinders were filled with concrete. After curing



19

in the moist closet, they were placed in the testing machine in
an inverted position as shown in Fig. 3, and loads were applied at
the rate of five hundred pounds a minute until the maximum value
for bond was reached. The total load divided by the bond area

gave the unit bond stress in psi.



Fig. 3

View showing a typical test of the effect of pickeling on the bond
stress. A cylinder is being tested in the Emery-Southwark, 20,000
pound testing machine. Mr. Becker is at the right taking data and

the author is at the controls.

20
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TA SHEET 14

- e

Beam # 1A Date Poured - Dec. 21, 1948 Date Tested - Feb. 11, 1949
Jteel Manufacturer - Truscon Compressive Strength - 3000 pei

Long. Wire 1 - #00 - 6" Transverse Wire #3 - 6"

Table of Elongation in Inches
. | 1

Load Beum A f [ '

in ' ‘ l

Lbg, Lt. Dial ' Rt, Dial Average

0 «000 «000 ‘ +0000

200 «001 .000 | «0005

400 | .000 .001 | 0005

600 | 4001 .002 «0015

800 001 002 «JOL1S
1000 «003 «003 0020
1200 002 +003 0025
1400 .002 004 0030
1600 «002 +004 »003C
1800 003 005 +0040
2000 003 005 +OC40
2200 004 006 «0050
<400 <004 #007 [ 40055
2600 005 «008 #0065
2800 005 «009 «0070
3000 +008 «010 «0080
3200 +006 010 20080
3400 L07 011 «00Q90
3600 008 «012 0100
3800 +010 «013 0115
4000 W01l 014 #0125
4200 .012 #0185 0135
4400 ,013 «016 20145
4600 «0L5 017 0160
4800 017 018 «o 175
5000 018 020 o0 L90
5200 020 021 ‘ «02085
5400 022 .022 20220
5600 024 024 0240
58G0 026 026 .0260
6000 030 029 «0295
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Th SHEET 1B

it ey

Beam f 1B Date Poured - Dec., 21, 1948 Date Tested - Feb. 12, 1249

Stesl Manufacturer - Truscon Gompressive Strength - 3000 pei
Long. Wire 1 - #00 - 6" Transverse Wire #3 - 6"
Table of Elongation in Inches
Load Beam B
in
Lbs, It, Dial Rt. Dial _ Aversge
0 «000 «000 «0000
200 +000 «000 »0000
400 | +000 000 .0000
600 .00L «000 «0005%
1000 «001 +001 +0010
1500 | .002 +002 40020
2000 2003 «004 +0035
2500 «004 +005 o0045
3000 005 007 0060
3500 006 «009 20075
4500 #009 016 +0125
5000 012 «020 0160
5500 «015 «025 00200
6000 +022 «032 #0270
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DATA SHEST LG

Beam /# 1C Date Poured - Decs 21, 1948 Date Tested - Feb. 18, 1945
Steel Manufacturer - Truscon Compreasive Strength - 3000 psi

Long. Wire 1 - #00 - 6" Transverse Wire  #3 - 6"

Table of Elongation in Inches

— = ———— —
Load Beam C
in
Lbs, It, Dial [Rt, Dinl | Average
0 «000 #000 «0000
300 «000 #000 <0000
600 «U02 «U00 o00A0
900 «004 -sU0L #0019
1200 OOO? -.()02 oJJZS
1500 3008 - 0002 «0 30
1800 010 =,003 .003%
2400 LO17 -.004 0065
2700 020 -4004 | .0080
3000 .023 -,003 | L0100
3300 025 -.003 «0110
3600 «028 =003 0125
3800 031 - 002 0145
4200 »033 -,u0R #0155
45’00 .035 -0001 .0175
4800 .039 -,001 «0190
5100 0042 ? -000 00210
5400 046 001 0235
5700 051 003 L0270
6000 057 005 L0310
L
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GRAFH OF ChACK QFuNING FUR VARIOUS LOADS

cLATS ;
r—.OSO I - o
| ! !
| |
040 | |
w
o -
8,03 ,
a4
5t o /¢
srd y
,L",.‘ ‘ (o]
.g ;
8.020 .
Q e F/’
4017 — 4 — — — — ke el ——
(& ] ' .ﬁ
|3
| (1
_— | e | oA
. L=
el O 4
OO0 ©
- ‘E c:)l o ord
M | @ OB
O | *'I Py
| |
1000+ 2000+ 30004 40004 50004 6000/
11,600psi 23,200psi 34,800psi 46,400psi 58,000psi 69 y600psi
loed in Pounds
Lond in Psi
) Position of
Beam Description Steel Munufucturer | Tranaverse vire
Long.wire l=f00=-61
# 1 Truscon 3" from center

Tran.Wire /3=-6"

Coupe Str.
uf Concrete

Age Date of Test

Crack Upening
at 3000 lbs.

load to Upen
erack 001"

3000 psi

7 wks. | Feb, 18, '4°

008"

3600 #
41,600 psi
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DATA SHEET 2

Beauw # - 2 Dute poured - Decs 21, 1948 Date Tested = Feb, 11, 1949

oteel Manufacturer - _Truscon Compressive Strength - 3000 psi
Longe Wire = 1 = 42 = g% Transverse Wire - 4 = 12"
Table of Elongation in Inches
Load Beam A Beam B Beam C
in . |
ﬁg,.ILt. Diaul | Rty Dia)/l4, 0i.1 | Rb, Dial| 14, Dial | R, Dial | Average
0 000 +000 +000 «000 »000 000 «0000
200 000 0003 ! U | .;00 v\bﬁ - +«00 l | +JO 13
| 400| 000 006 001 | 001 10 -s002 | L0027
| 00| =,001 +009 002 002 014 -.003 .0038
800 | =4,001 w012 03 002 Wl9 | = a004 0052
1000 | =.001 018 004 03 022 | =e004 | S0
| 1200 +000 22 OUOS' 04 0027 | - o044 | 'U‘JB"
1400| .001 .026 l w006 006 031 =004 | W01l10
| 1600 | 4002 033 | 008 .008 +034 -,003 | 20137 |
1800 0003 3 0\)37 £L10 | .\,09 0038 -3 00157 [
2000( L003 » 040 013 | .012 041 -,001 0180 |
2200| 004 | .042 .016 «015 W45 | 000 | ,0207 |
2400| 4006 048 | 018 | 017 048 | 002 | L0233
2600 <008 +056 020 | 019 | G051 004 0263 |
2800 o009 | 4060 «023 022 | 4U55 - W005 L0290
3200 029 .028 <068 Ol4 .0348
3400 »033 o034 076 «u20 <0408
I




Crack opening in Inches

»30

<040

«033

.030

.020

010

.00\'

G

GRAFH UF CrACK OFENING FOR VARIUUS LOADS
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FLATE 2
|
i
|
‘ -
| &
[3
| &
o
| =
Q
E
=
‘@
, =%
Mg
g <
all ©
o™ ‘ n
0 1,000# 2,000# 3,000% 4,0007 5,0007
18 ,400pai 36,800psi  55,200psi 73,600psi 92,000psi
Load in pounds
Load in pei
. Position of
Beam Description Steel Manufacturer Yoadatarss H¥e
Long.Wire l=g2-0"
# 2 Truscon 6" from center
Tran.dire 74-12"
Comp. otr, - Crack opening| Load to Open
of Concrete Age Date of Test at 3000 lbs.| Crack .01"
3000 psi 8 wks.,| Feb. 18,'49 .033" 1300 ¢

23,900 psi
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DATA SHaiT 3

e

Beam # 3 Date Foured - Dec. 24, 1948 Date Tested - Feb. 23, 1949

Steel Manufacturer - _Truscon Compressive 3irength - 3870 psi

Long. vire = 1-#2 - 6" Transverse Wire - #8 - 6"

Table of Elongation in Inches

Load Beam A Beam B Beam B
in [
Lbse | bi. Diel|Rte Dial | Lt, Dial Rt. Dial | Lte Dial|Rt. Dial | Average
0] <000 <000 «000 000 «000 »J00 +0000
200| 001 +000 000 | 4000 001 #0200 0003
400 | LO03 ; #000 = -- 0l 000 «0005
600 | LU05 | 4000 001 «0C1 002 | 4002 o« 1B
800| .007 000 | L003 o002 L03 ' .003 0030
1000 | +009 000 | lOC4 003 004 004 «0U40
1200 | 014 001 | ,005 <004 +J05 «005 0057
1400 018 +201 «006 UG «JUG 007 ] 073
1600 | 021 002 #008 o007 $007 W08 40088
L8 002 <Y oL 3 ol lu o0 9 QUUB | e 9 ! 0 lJv
2000 | 027 005 W11 <010 010 «012 | 0125
2200 | 4030 007 «013 014 011 014 | 0148
2400 | o033 w09 | W14 e 15 12 | wedT | 0167
2800 «039 +0L5 0020 221 «UL5 o024 ‘ +«0223
3000 | 4043 JLO18 .023 o024 017 $028 | .0268
320L 0647 0022 0026 .32 0025 0036 003\/5
3400 0053 -”29 0’:32 0032 - - 00365
| 3500 | ”71 00‘7 .U&‘ -0“ = - ’ 00 515
|
|
|




Inches

Cpening in

Crens vl
wI'a CK

005‘3

.040

030

027

020

«010

«000

GRAPH OF CHAC: OPENING FOE VARIOUS LOADS

FLATS 3

28

=~

ét. (uiﬁ.)

Yield

/@,(

0

~

304

)00 ps3

56,

<Ja’t;45
1000,/

18,400psi

2000y
364800psi

3000

Load in Poun
Load in Fsi

55,200psi

4000/
73,600psi

-
as

5000+
92,000psi

Beum Description Steel Manufacturer Position of
Tranasverse Wirs
Long.Wire 1l=ff2-6"
43 Truscon 3" from center
Tran.iire  #8-6"
Comp. Str. . m. .4 Crack Opening| lLoad to Open
of Concrete Age Date of leay at 3000 lbs. Crack .01
3870 psi 9 wks. Feb. 25,'49 027" 1800 #
33,100 psi




Bmm#-_i_

Steel Menufacturer = Pittsburgh #tesl

Date Poured - Dec. 24, 1948 Dete Tested

DATA

SHEET

-

4

- Fabe 25, 1949

Compressive Strenginh - 3870 psi

Longe Wire 1 = #2 - 2% Transverse Wire #2 - ¢
Table of Elongation in Inches
Loed Beam A Beam B Besm C
in '
Lbse| Lt+ Dic) |Rt, Dial | It Dial|Rt. Dial | 1, Dial |[Rt. Dial | Averags
o +000 000 «000 +000 #0000 «000 00000
200 «002 +000 #0000 «002 «000 000 0007
400 004 +000 SO0 «003 001 001 0015
600 +006 000 +000 +009% £02 001 023
800 07 L01 =-,001 008 «003 002 «0033 {
1000| 4008 002 -, 002 .010 04 003 | 0042 !
1200 010 003 -.002 «J13 «005 +U04 | #0035
1400 +011 0% ~002 013 o JUb 205 | <0065
1600 o1z 06 -.002 o) Wi 007 006 [ 0077
1800 +013 007 -oC01 {019 Q08 U0T7 | 0088
2000| 015 009 «001 | o022 010 008 | 40108
2200 2017 «010 «0023 o L4 Ne) Sl Lud ’ «0120
2400 o019 +012 «004 06 013 009 #0138
2600 «021 .013 o005 ‘ 0B o LB +008% #0153
2800 0023 .01.5 OUUG \ 0030 ouls 0009 90168
3000 025 «UL6 008 | o032 o021 009 0185
3200 «027 018 U9 o034 024 “ #010 0203
3400 +030 021 011 . 036 o027 012 »0228
3600 o0 34 o021 014 | ,L03¢ 029 013 «0250
3800 038 <032 - -- 032 o016 +0270 ‘
4(]'30 0043 6023 S - L35 0019 <0300 ‘,
4200 o051 o024 - - - - 0375 |
4400 059 032 - - - - 0455 !




Crack Opening in Inches

<050

«040

030

« 020

2019

«010

O

.’\:i.ﬁ.‘

GRAPH QF CRACK OPENING FOR VARIOUS LOADS

30

FLATE 4
&
|2
|
ih
— _ - =l
| m
"
O
=
-
a4 -
) O
s
0 1300 20C0f 30007 4000j; SCO0#
1.,400psl  36,800psi 55,200psi  73,600psi 924000psi
lo=d in Pounds
Load in Psil
Bea Degeriptiaon Stesl Manufucturer TPOBithﬂ Gf.
ransverse dire

Lonp.uire 1=;2-2"

Fittsburgh steel

i 4 3" from center
Tran.ire i2-6" Frosicts Co.
Zomp. Stre . i Crack Opening| Load to Open
omp. Str Age Date of Tegd ° F g : P"
of Conerete at 3000 1bB. Crack .01
3870 pei 9 wks.| Feb., 25,409 019" 2000 #
35,800 psi




DATA SHEST §

31

Beam # - _5  Date Poured - Dec. 29, 1948 Date Tested - March 17, 1949

Steel Manufacturer - Pittsburgh Steel

Compressive Strengih - 3550 psi

Long, Wire 1 - #2 = 4" Transverse Wire #2 - 4"
Table of Elongation in Inches

Load Beam A Beam B Beam C

in

Lbse | Lte Dial|At. Dial| 14, Dial|Rt. Dial| Lt. Diul|Rt. Dial | Average

0 000 «000 000 +000 000 +000 #0000

2OC .002 <000 +Q003 "1002 . 1 | 000 QOOO',
400 002 001 006  ~.003 003 | =601 0013

600 | 4002 «001 007 ' =4003 «005 | =4001 +0018

800 002 02 el -, UO4 007 -.002 0025
1000 +002 «003 +011 | =00 4 #0089 =002 0032
1200 +003 004 014 =400% 011 . =e003 0040
1400 003 «004 «015 =-4008% | o014 | -+004 «0045
1600 o« 004 «005 L17 | -6 o015 ‘ =004 #0052
1800 005 s 020 = o006 018 - o005 L0062
2000 0006 o006 022 | =007 020 -,005 | #0070
2200 «006 <007 0258 -e07 023 - o006 +Q0080
2400 007 208 087 =007 24 -, 05 ' 20088
2600 08 0% 30 -0 +027 - o 07 «0 100
2800 | +009 «010 $032 | =a007 029 -.006 | 40112
3000 .OlO i ouu 0034 | "0005 0031 '00'1‘5 00121
3200 .r’ll -014 036 { =-o00% o033 - ol )4 .01‘2
3400 2012 . 8016 o 38 ' =,003 .035 «,003 «0158
3600 0013 .‘_'19 0041 | -.0')2 o037 "-002 00177
380c Ll4 023 43 «000 «040 - «000 00200
4000 | 017 026 046 | 002 043 | 4003 0728
4200 028 «040 049 | +009% 048 ’ 008 0297
4400 - - «054 010 063 o0 R2 +0372
4600 - - «07% 027 - -- +0495




Crack opening in Incnes

.050

«040

«020

«013
«010

0001‘\'

GRAFH OF CRACK OPENING FOR VARIOUS LUADS

PUsT_E_ 8

32

56,000 psi

Yield Pt. (min.

10004 2000# 30007 4000# 5000#
18 4400psi 36,800psi 55,200psl 73,600psi 92,000psi
Load in Pounds
load in Psi
Beam Deseription Steel Manufacturer Position “?
Transverse Wire
Long JWire l=-§2-4"| Pittsourgh Steel
#5 2" from center
Tran.dire  #2-4" Products Co,
Comp. Stre : Crack Opening| Load to Upen
of Concrete Age | Date of Tesh ) 3000 1bse| Grack .OL"
S e —— e el
3550 psi 11 wksd Mar, 17,49 .013" 2600 #
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DATA SHELT §

Beanm 4 6 Date Poured - Dec., 29, 1948 Date Tested - March 17, 1949

Gteel Mgnufacturer - Colos Puel & Iron Corpe Compressive Strength 3550 psi

Long, Wire 1 - #2 - 4 Transverse Wire #8 - §"

Table of Elongation in Inches
Lti)ad Beam A Beam B Bean G
n
Lbs. Lt, Dial|Rt, Diel| Lt. Dial{Rt, Dial | Lt. Dial|Rt. Dial | Average
0 000 +000 +000 000 +000 +000 +0000

200 005 -,002 «O0N2 o000 - o004 o004 «0008
400 | 008 | =.002 006 | =400 =004 «006 «0022

600 | «009 |=,002 W08 -.001 =,008 009 0033
800 0012 |- 0002 oOll -2 -.005 .Ull 000‘2
1000 v015 - 0003 0015 ‘0003 -.003 .C‘lz 0U055
1200 0019 L .003 0020 "aOO‘ - 0002 | .OM o0 73
1400 0023 -.003 0025 -.005 0000 0015 -0092
1600 0025 - 0003 0030 - 0006 0002 0016 10108
1800 | .030 -.001 034 =007 005 019 .0133
3000 | ,034  =.,001 040 |-.008 | 008 | 021 L0157
2200 | 036 <000 044 |=,008 | O | 023 0175
2400 | 042 001 050 | =,009 | 013 | L0725 0203
2600 | 4045 «003 «054 -.008 i +016 $027 0228
2800 | 049 005 »058 -.007 018 | .030 00257 |
3000 | 4052 006 +062 -.005 | 022 | <032 0282
3200 | 056 »009 | 065 - o002 025 | 035 00313
3400 | LO61 011 070 «000 029 +038 L0348
3600 | 4065 014 OT4 | 004 | 033 043 0387
3800 | L0T70 | +O17 079 | 007 037 046 L0427
4000 | 077 | 021 084 | J012 041 051 L0477
4200 | 084 026 <090 016 048 | L058 .0537
4400 - - o112 .038 062 ,071 | «0708




Crack Opening in Inches

«050

.040

«0330

»029

.020

010

<000

GRAPH OF CRACK OPENING FOX VARIQUS LOADS

PLATE §

&
-
par]
| ®
ord
|
/ " @
=Y
H O
2
e
e M‘un
|
10004 20004 3000# 40007 50004
18 3 ‘1‘00]38:.'- 36 ,800ps‘l 55 ,ZOOpsi 73 ,600p51 92 ,OOOpsi
Load in Pounds
Load in Fsi
: Pogition of
Beam Description teel Manufacturer Trangtei:: iire
Long.#ire 1-#2-4"| GColorado Fuel and
it 6 3" from center
TranJ.uire #8-6" Iron Corp.
Comp. Str, Crack Upening | lcad to Open
f Test
of Cdncrete Age DaSNEariIan at 3000 1bs, | Crack 01"
3550 psi 11 wis| Mar. 17,'49 029" 1500 #
27,600 psi
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DATA SHEET 7

Beum  T_  Date Poured - Merch 4, 1940 Date Tested - March 31, 1949

Steel Manufecturer - Keystone Steel & Wire Compressive Strength = 3530 psi

Long. Wire 1-#2-3" Transverse Wire f8-38"

Table of Elongetion in Inches

Loa Beam A Beanm B Baanm C
© in

Lose4 Lt. Diall Rt, Dial| Li, Dial] Rt. Dial| Lt, Dial|Rt. Dial | Average

0 o «000 «000 «000 v .000 «000 0000

200 0009 el 02 ‘ 1431 0005 "o-)Ol | +0026

400 | 012 =001 | 004 | L002 | 011 - $002 \ WJ043

600 «015 «L00 ! o006 004 | «014 -o002 +0062

BOO .017 0000 1009 -005 0\)17 '00".)2 0'30 77
1000 | 021 001 ‘ 013 006 019 | -.002 | L0097 |
1200 026 001 018 «006 22 =001 «0122 |
1400 +030 D02 | 024 006 o026 ’ s l «0147
1600 034 «004 | <030 { 007 «029 \ <001 0175
1800 139 «0086 { «036 | 007 ‘ «032 (03 | +0205
2000 | <044 009 | o042 -008 .035 004 | .0237 |
2200 «050 o 12 047 «010 «038 006 | #0272 |
2400 | 055 015 +051 013 | 041 U8 | 40305
2600 059 018 055 »017 44 011 L0340
2800 +065 023 «059 .021 U&7 | «013 0380
3000 070 2L26 | 063 U4 ] «051 l 16 L0417
3400 »081 036 | WO073 o033 #0356 | .022 «0507
3600 «086 41 | G078 | «037 «063 | «025 «0550 ‘
3800 093 «O47 +084 «43 )67 +N29 «0605

[




Crack Opening in Inches

«050

043
+040

«030

«U20

«010

«000

GIAFH OF CRACK OPENING FUR VARIOUS LuADS
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PLATE 7
L S
|
I - — —-— —t
t
[f\
-
-
|
I~
&
|
|2
ke
, E
="
( -‘E' o
o)
Q<
o al A
I
1000# 20004 3000# 40005 50004
1c 3400psai 36,800psi 55,200psi 73,600psi  92,000psi
Loed in Pounds
load in Psi
. .| Fosition of
Beam Description Steel lanufacture: Transverss Wire
Long.Wire l-§#2-3" Keystone Steel
# 7 and 4" from center
Tran.Wire j/8=-8" Wire Company
Comp, Str. Age Date of Test| “rack Opening| Load %o .pen
of Concrete “ ¢ at 3000 lbe,| OCrack ,O01"
3530 psi 4 wks.| Mer. 31,'49 ~042" 1000 #
18,400psi
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DATA SHEET 8

Beam 7 -8  Date Poured - March 4, 1949 Date Tested - March 31, 1949

Steel Manufacturer - Auerican Steel & Wire Compressive Strength - 3160 psi

Long. Wire 1 = @2 - 3" Transverge dire #2 - 6"
Teble of Elongation in Inches

Load Beam A Beam C

1?'1

Lbas | Lt Diel|Rt. Dial Lte Dial |Rb, Dial | Average

0 «000 «000 +000 o000 «0000

200 2005 .'JOl ! «003 0003 +00 30

400 «006 002 D04 +004 +0040

600 0007 -UOB -QJS .005 00050

800 «008 | WLU4 «006 +006 | «006C
1000 | o010 | 009 008 007 | 0075
1200 012 | «005 010 «009 «0090
1400 o014 »206 012 «010 +0105
1600 +0106 «008 +014 011 0127
1800 «018 «010 <016 «012 «0140
| 2000 021 «012 021 | «013 0162
2200 024 (014 023 Ol4 «0187
24‘03 0(126 0J16 .027 n015 .0210
2600 0028 ."‘18 +030 \ <017 «0232
2600 #0131 «020 | 233 ! #0189 0258
¥ 00 034 «022 o035 021 ‘ 202!
3200 «036 25 038 022 - #0302
3400 | 4040 .028 041 024 | 0332
3600 «043, 031 «045 | 027 0365
3600 .47 035 «050 .030 | 0408
4000 | 4053 041 057 | 4037 | 0AT0
4200 o0k 051 060 003 | #0658

1 |
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1
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GoabH OF CHaCK OQPENING FUA VARIOUS LUADS
PLATE 8
¢
|
I
re
|5
H
—
: .
e
5
| ®
e
|
3
| S
R (1
Qo
N
8[&!‘!
1 .
0 10004 2000# 30004 4000# 50005
lo,4 Upsi  36,800psi  55,200psi  73,600psi  92,000psi
load in Pounds
Load in Psi
) Position of
Beam Description Steel M‘nufgcturer Pransverse Wire
| Long.Wire l=#2-3"| American Steel
# 8 and 3" fron cenmter
Tran.iire #2=6" Wire Company
Comp, Str. - Crack Upening Load to Open
of Concrete Age Daks of Taxt at 3000 lvsqy Crack .O1"
3160 psi 4 wks.| Mar. 30,'49 .028" 1300 #
23,900 psi
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DATA SHE

s

-3

2

|

Bean # 9 Date Poured = Maurch 4, 1949 Date Testad - Murech 31, 1949
Steel Manufacturer - American Steel & Wire Compressive Strength - 3210 psi

Long. Wire le-g2-3" Transverse Wire - 4"

Table of Elongatiom in Inches

Load Beam A Beam B Beanm C
| in T
 Lbey | Lt, Dial|/Rt, Dial| Lt. Dial|Rt. Dial | Lt. Dial|Rt. Dial Avarage
|
0! 000 «000 «000 | 4000 »000 +000 0000
200 | =.001 | .04 001 | 000 -,001 002 0008
400 oo 0002 .006 0004' i 0000 - 0}31 0004 00018
600 | =.002 +008 006 | ,000 «000 .005 .U028
800 | 4000 ,008 009 | =,001 .003 .005 0040
1000 | 001 .009 011 -,001 .002 06 0047
1200 | .003 009 013 | =,001 .003 006 .0055
1400 | <004 010 OL6 | -.001 .005 L0086 0067
1600 .006 oOlO 0018 '0001 QOO, 0:06 -0077
1800 | 008 +012 .020 +000 .009 +006 0092
2000 | <010 .013 «022 001 +O1l1 <007 «0107
2200 | .011 014 024 ,002 .013 +007 0117 |
2400 o014 015 0026 003 017 « 008 .0138 i
2600 0015 0017 e . -"‘a»- w 103 0019 . ’:)B oOlSO [
2800 | 017 ,018 «030 006 «021 .009 ,0168
3000 | .018 019 «032 «006 024 011 .0183
3200 | «020 | L022 | .034 007 | L025 012 0200
3400 | <022 024 «037 009 | J028 013 .0222
3600 | <026 027 | 040 »011 «031 015 0250
3800 | 031 033 | 043 014 s035 018 +0307
4%0 = ! - Q049 001 3 00“ 0022 .03»5




Crack Opening in Inches
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GHAFH OF CRACH OFLNING FOA VARIOQUS LOADS

of Comcrete

FLATE 9
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2 S

™M

l {
0 1000# 20004 - 3000¢ 40007 S0004#

18 ,400psi 36,800psi 55,200psi 73,600psi  92,000psi

Load in pounds

Load in psi
Beam Description Stesal Manufacturer | Position gf
[ransvérse ‘lire
Longe¥ire ley2-3"| American Steel
# 9 and 2" from center
Tren.iire #4-4" dire Compeny
Gomp, Stre Crack Opening | Load to Open

Age  |Date of Test | .4 3000 1bs,| Crack .01"

3210 psi 4 wko.

der. 31,'49

.0185"

1900 #
35,000 psi
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DATA SHET 10

Beam # 10 Date Foured - March 4, 1949 Date Tested - March 31, 1949
Steel Manufacturer - Colorado Fuel & Irom Compressive Strength - 2760 psi

Longe Wire 1 = f#2 - 4" Transverse Wire #8 - 12"

Table of Elongatiom in Inches

Loed Beam A Beam B Bean C
in
Lbs. | Lt. Dial|Rt. Dial| Lt. Dial|Rt, Dial | Lt. Dial|Rt. Dial | Average
0 000 000 »000 «000 o000 o000 <0000

200 4003 0002 0303 0001 - ;303 QUO'T -0022
400 004 003 «006 «004 =004 »013 #0043
600 «008 «003 «009 0005 - tOOG 019 «Q065
1000 0016 +005 001‘ -013 - 0007 .029 o0 117
1200 -022 0J06 .01.8 '015 - '.)(47 0032 .0143
1400 | .027 008 | 4022 019 | -.004 | 4036 .0180
1600 | 4032 2010 | ,026 .021 200 | <040 .0215
1800 #037 015 | L0380 «025 003 042 «0250
2000 041 016 +035 «029 « 07 045 .0288
2200 046 016 +039 .032 «014 <051 «0335
2400 <051 023 «043 #0317 008 «055 «0380
2600 056 0237 048 041 2023 «059 «0430
2800 061 «030 052 44 029 «065 f «0468
3000 066 «035 »059 «050 034 «069 «0522
3200 071 03¢ #0865 #0585 040 075 0578

3400 <078 Ud4 071 o060 46 081 #0630
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GRAFH OF CRACK OPENING FOR VARIQUS LOADS

- PLATE 10
/
1000# 20004 30007 40004 5000#

18,400psi 36,800psil  55,200psi  73,600psi  52,000psi

Load in Pounds
Load in fsi

Posgition of
?aam Deseription 3teel Menufacturer Tranaverse Wire

Long.wire l=#2-4" Colorado Fuel
# 10 and 6" from center

Tran,Wire /f8-12" Iron Corp.

Crack Opening | Load to Open

Comp. Str.
dge | Date of Tesd " . 1000 1bs.| Crack .01"

of Concrete

2760 psi 4 wks. | Mar. 31,'49 .053" 900 #
16,600 psi




Beam # 11

DATA SHIET 21

Date Poured - March 19, 1949

43

Date Tested - April 235, 1949

Steel Manufacturer - American Steel & Wire Compressive Strength -

Long, Wire 1 = #2 - 3" Transverse Wire #2 - 12"
- o _ R R
| Table of Elongation in Inches
Load Beam A Beam B Beam C
T 1 e —
Lbae , Lt Dial Rte Dial | Lt. Disl Rt, Dial | Lt. Dial Rt, Disl Average
0| 4000 | 000 | o000 \ 000 | 4000 4000 +0000
200 «003 o000 o002 I 9001 «001 002 «0015 i
400 «007 «000 o003 «003 +003 N3 o032
600 009 +000 #0004 ‘ '00‘ .‘ +005 04 +0043 i
800 | +Q10 003 | ,007 | .005 | .006 | 006 0062 |
1000 010 #006 009 006 [ «008 007 L0077 ‘
1200 2010 009 011 «+008 010 »008 «00%3
1400 011 o012 013 »008 | 012 010 .0110
1600 «013 014 015 .009 ‘ 012 014 .0127
1300 014 «01% +018 «C1ll «013 016 «0145
2000 016 +017 +020 012 L0l4 «018 «0162
2200 2018 +019 +023 012 016 «020 «0180
2400 020 «020 «028 014 017 022 +0202
2600 «023 021 «030 »014 018 «025 «0218
2800 «027 023 o034 14 020 o028 «0243
3000 «03% <025 +038 Uak .02} 030 0267
3200 «036 027 o043 , .014 «023 o034 +0295
3400 o038 #0029 <049 [ «015 0295 038 #0323
3600 .048 039 o054 «018 028 2041 0382
3800 | 063 | .054 062 027 032 046 0477




Crack Opening in Inches

050

«040

«030

+027

«020

010

000

GHAPH OF CRACK OPENING FOR VARIOUS LOADS

FPLATE 11
3
| =
ki
R
| »
/ #
lu
| e
[
lM
/’ K
; o
:‘t
|
Rué
o 0
Ao
\ | —
0 10004# 20004 30004 4000 5000
18,400psi  36,800psi  55,200psl  73,600psl  92,000psi
Load in Pounds
load in Psi
, Positi
Beam Deacription Stesl Manufacturer Tra§:vergz :gre
Long.lira 1-#2-3%| Aamerican oteel
#11 ] and 6" from center
Tran.Wire jf2-12" Wire Compsny
Comp. Stre. ? Crack Opening| load to Open
of Concrete Age Date of Test at 3000 lbs. Crack .01"
5 wks.| April 25,°'49 .028" 1250 #
23,000 psi




Beam #

Steel Manufacturer - Laclede Steel

12

DATA SHEWT

&2

Date Feured - March 19,1949

Compressive Strength -

45

Date Tested - April 23, 1949

Longe Wire 1-4#6 - 6" Transverse Wire #6 - 6"
Table of Elongation in Inches
Load Beam & Beam B Beam C
in
Lbse Lts Dial Rt. Dinl |L%, Dial | Rt., Dial|Lt, Dial |Rt. Dial . Amm;&_

0| +000 +000 «000 «000 | Testing Machine #0000
200 012 - 4,003 «006 «001 Broken + 0040
400 .01" - 0003 QOOQ 0004 .0067
600 '021 - 0003 0011 .mﬁ .0087
1000 027 2004 012 013 +0140
1200 «029 006 »013 o015 «0158
1400 033 008 «016 2018 +0188
1600 037 o012 «019 #021 0222
1800 041 016 #023 o026 00265
2000 +043 017 031 34 #0312
2200 0056 0030 b diond - 00430




ck Upening in Inches

vra

-~
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GRAPH OF CHACK OPENING FOUR VARILUS 1J4DS

PLATE 12
050
.040 T
«030
£ g ——=
|
«020 o
J | .
¥
q I@
|H
o
9/ I
010 =
| ®
‘Q
13
2%
23
«000 : ’
o 1000 20007 3000+ 4000# 50004

34,500p 351 69,000psi 103,500psi 138,000psi 172,500psi

Load in Pounds
Load in Psi

Position af

Beam Description Steel Manufacturer Transverss Wire

Long.Wire l-#6-6"

# 12 Laclede Steel 3" from center
Tran.Wire ;6=6"
Comp, Str. Da Urack Jpening | Load to Cpen
of Concrete Age e ol Teet at 3000 lbs. Crack 01"
S wks.| April 23,'49 = -- 650 #
22’400 pﬂi




COMPOSITE DATA SHEET 13
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comp. Ml‘. Load to Open
Bean Reinforcing Age [of Concrete | Steel Mfg. Crack 027"
in psi in psi
1 Long.#00- 6" | 7 wks 3000 Truscon 68,500
Tran.#3 - 6"
2 Long.#2 = 6" | 8 wke 3000 Truscon 49,800
Tran.f4 - 12%
3 Long.f#2 = 6" | 9 wks 3870 Truscon 56,000
Tran.f6 - 6*
4 Long.#2 - 2* | 9 wks 3870 Pittsburgn St 70,000
Tran.f2 - 6"
5 Long.#2 = 4" |11 wks 3550 " " 76,500
I\rmd#z - ‘.
6 Long.f2 = 4" [11 wks 3550 Colo. Fuel 53,800
Tran.#8 - 6"
7 Long.pg = 3: 4 wks 3530 Keystone St. 40,500
- 8
8 Lonng - 3" | 4 wke 3160 American S5t. 53,500
Trln.ﬁ'2 - 6"
9 Long.#2 - 3" | 4 wks| 3210 " o 68,100
Tran.f4 - 4"
10 Long.f2 = 4" | 4 wks 2760 Colo. Fuel 35,000
Tran.48 = 12"
11 Long.f2 = 3" |5 wks American St. 56,000
mno#z - 12%
12 Long.f6 - 6" |5 wks laclede Steel| 63,000
Tran./6 - &*
A 3/8" Deformed | 4 wks 6270 Inland Steel | 86,000
c 3/8" Deformed RO wks | 6140 Bethlehem 66,400
E 3/8" Deformed RO wks 6510 Carndgie 684600
G 3/8" Deformed L5 wks 6190 Jones & Laughlin73,400
J Long. 3/8%dis R0 wks 6490 ———e—- 72,500
Tran.#5 = 12.2
N 3/8" Smooth L9 wks | 6270 ——o——— 50,300
Note: OCurves A through N represent some of the beams tested by the

New Jersey Highwey Depariment.
other beams may be fourd in their files.

Further data on these and
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GRAPH OF LOAD IN PSI TC OPEN GRACK .027*

_ Load in Thousands Fsi Transverse
10 20 30 40 50 56 60 70 Wire
;
1 j " #3 - 6"
|
2 T : #4 - 12¢
|
3 . i3 - 6"
4 2 L i, i- X - #2 - d"
5 e = :n-}'r,r' #2 - 4"

— el ARl

l
|

B R B : ‘ l #2 - 6%
I

¢ tF #4 - 4"
|

10 | #8 - 12%
!

11 S BT U #2 - 12%
|

12 I “ -, - @) ] 5 #6 e 6&

NOTE: All beams have one #2 longitudimel wire except beam rmmber one

which has ons #00, and beam number twelve which has one #6 wire,.

FiG. 4
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e e, et

GAPH OF CRAGCK GPENING AT §6,000 Psl

Crack opening in Inghes | Transverse
010 020 030 040 «050 ] Wire
R S ) m—
I
1 l #3 = 6“
| I
- I W A ook - 12"
; 1 | i - 12
. 5]
3 ,..... : .ﬂ-“-. 7 #8 - 6"
.
4 ' #2 - g
|
[
5 | 2 #2 - 4"
l i
ke \ i ‘
é 6 | I #8 - 6»
l |
a7 | #8 = 8"
8 ]' A
]
g v "“‘ - v
8 ok l ,'l.) 6
I
9 % | #4 - 4"
I
| : .
10 . l #3 - 12*
— |
. 1
11 B ( #2 - 12"
i
' ‘
12 g s ! #8 ~ 6"
' i
1 | |

NOTE: All beams have one #2 longitudinal wire except baam rumber ona

whieh has one 700, and beam number twelve which has ono #6 wirae.

¥IG. 5



DATA SHERT FUR FIG. §

INVESTIGATION OF BOND BY DIRECT
PULL~OUT TESTS

Load Applied at

500# per minute

Wire | Bond Surface Length | Ult. Bond | Unit Bond | Remarks
(mage | Area Condition Kmbedded| Failure Psi
. #00 64296 Plain 6" 1470 # 234 (7)
#00 6296 | 2 = Wks. Rust 6" 3293 # 524 (7)
#00 | 54296 | 4 = Wks, Rust | 6" 2780 # 443 (1)
#00 | 64296 | Pickeled in | 6" 2515 # 400
HD't 04 - ‘
5 Min, X534+ PAG— Omi
1] 335
| 2312 # 368 Averaye
#00 | 60206 | Pickeled in | 6" | 3150 # 500
' Hot HpS04 - | ‘ , ,
10 Min, | | xees 4 —1—258— | omit |
|
| 2350 é_ 373
2750 ; 436 Average
#oo 64296 | Pickeled in 6" 3050 # 485
Hot Hg04 - , ‘
15 Min. 240641361 Cmit
3178 2 600
3412 ; 542 Averuge
NOTE: Compressive Strength of Concrete - 3430 pei

(7) Becker, ope cite, p7




GRAPH OF BOMD

FOR DIFFERENT SURFACE CUNDITIONS

00 Guage Wire

600

500

400

g "
e ! ; j
EI % 2
§ 4l Kl
i 5 %
200 T ;
il {
d Fi k
L 1]
1;3 -
;‘
T v

J b ik &
100 v ; i | .
f % .

000
| 2 4 Weaks 5

FiG. 6
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Regults

A series of twelve tests using three identical beams for each
test was conducted for the data contained in this thesis. Trans-
verse wires numbered two, three, four, six and eight were spaced
at four, six, eight and twelve inches. Three sizes of longitudinal
wire were used, numbers 00, two, and six. In all of these tests,
only one longitudinal wire was used. Twelve other test beams were
cast reinforced with four different types of wire mesh, all with
two longitudinel wires. These could not be tested, however, due
to & failure of the testing machine. They will probably be tested
at a later date and the date used to supplement this thesis. The
following companies furnished the wire mesh reinforcement used in
these tests: American Steel and Wire, Colorado Fuel and Iron,
Keystone 8teel and Wire, Laclede Stesl, Pittsburgh Steel Products,
and Truscon. The beams were loaded by increments until the crack
began to open rapidly or until it was greater than .027 inches.

As was stated before, the Highway Research Board recommends that
the permissible crack opening in concrete pavements be .027 inches.
They cleaim that aggregate interlock ection is lost for larger
crack openings. To carry these tests to the breaking point would
undoubtedly have dameged the Ames dials and would have been very
dengerous, since the beams were tested in = vertical position.

As a basis for comparing the results of these tests, a crack
opening of .027 inches at a load of 56,000 psi was used, since it

seemed desirable to have the maximum crack opening occur when the



minimum yield point of the steel is reached. Some of the combina~-
tions of wire mesh reinforcement produced results very close to
the assumed ideal conditioms. From Figure 4, and Figure 5, which
are graphs showing the load required to open the crack .027 inches
and the crack opening at 56,000 psi, it is readily seen that beams
numbered three, six, eight, and eleven with #8 - 6", #8 - 6",

#2 - 6%, and #2 - 12" transverse wires respectively seem to most
closely satisfy the ideal conditions.

Test beams, numbered one, were the only beams which were
reinforced with #00 longitudinal wire. The data obtained from
each of the three test beams was plotted and an average curve
drawn. This data could not be averaged first and a curve plotted,
as was done in all the other tests, because different load incre-
ments were used on each beam. Therefore, the data for the three
beams was plotted and an average curve drawn. A mch greater
load was required to open the crack in number one test than in
any of the other tests due to the larger sized longitudinal wire.
The crack was opened about .0l7 inches when the ultimete stress
of 564000 psi was epplied. The stress required to open the crack
«027 inches was about 68,500 psi which is well over the minimum
required yield point of the steel.

In test beams numbsred two, seven and ten reinforced with
#4 - 12", #8 - 8%, and #8 = 12" transverse wires respectively and
one #2 longitudinal wire, the load to open the crack .027 inches
was considerably below the allowable 56,000 psi. This can readily
be seen in Figure 4. Figure 5 shows these same beams 10 have

excessive crack openings at the yield point, 56,000 psi.
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Test beams reinforced with #2 - 4" transverse wires seemed
to be the best combination for controlling crack opening. A crack
opening of about .013 inches occurred with a load of 56,000 pei.
Two series of tests were conducted using #2 -~ 6" transverse wires,
one manufactured by Pittsburgh Steel Products Company and one by
American Steel and Wire Company. The beams were numbered four and
eight respectively. In beams numbered four, the crack opening was
about .019 inches at the yield point of the steel while number
eight had a crack opening of .029 inches at 56,000 psi. This
difference is difficult to explain. Test beam number 8B was
damaged while it was being placed in the testing machine and was,
therefore, discarded. However, the other two beams produced
almost identical values end it was thought that the average of
these two would give an accurate curve. For some unknown reason,
this curwe did not go through the origin which may account for
some of the difference. The findings of the New Jersey Highway
Department seemed to indicete that the properties of the rein-
foreing for controlling cracking varied considerably with the
different steel manufacturers. For curves A, Cy, E, and G on
Plate 13, the same reinforcing was used except that it was
manufactured by different companies.

Test beams numbered twelve were the only ones in which a
number six longitudinal wire was used. The transverse wires were
#6 = 6", Aithough the reinforcing seemed to be very small in
amount compared with the other tests, the crack opening at 56,000

pei was under the permissible .027 inches.



56

The resulte of all of the beams tested plus a few of the ones
tested by the New Jersey Highway Department are shown on Plate 13.
Curve number one with one #00 longitudinal wire and #3 = 6" trans-
verse wires compares favorably 'ith those of the New Jersey Highway
Department considering the fact that their curves are for 3/8 inch
rodse.

The effects of changes in size and spacing of transverse wires
is easily seen by studying curves numbered two through eleven since
these all have one #2 longitudinal wire. Curves numbered seven and
ten show that the pre-formed crack opens rapidly with a rolatiﬁely
small increase in load. These beams contained #8 - 8" and #8 - 12"
transverse wires. Curve number twelve appears to compare unfavor-
ably with the others but this test beam had considerably less
reinforcing than any of the others, the longitudinal wires having
been #6 and the transverse wires having been #6 - 6"+ Actually,
the reinforcing was stressed to the yield point when the crack
was opened only about .022 inches.

The results of the pickeling tests to increase the bond
proved disappointing. The study was, therefore, quite limited
since the results of a few tests seemed to indicate that pickeling
would be of little practical value. Three tests were conducted in
which the reinforcing rods were pickeled in a hot, ten per cent
solution of sulphuric acid for five, ten, and fifteen minutes.
Three test specimens were made for sach time interval., This was
the only pickeling solution tried because it can be used commer-

cially. Other more corrosive solutions would probably be more
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effective but they could not be economically justified. In each
of the groups, there seemed to be one in which the bond was con-
piderably lower then in the other two tests. This one was not
used in order to favor the results as much as possible. The
average of the two highest tests was compared with previous tests

conducted by Mr. A, A. Becker as shown on Figure 6.(7) This

(7) B‘ék‘r, 0P« Cito' Pe 7

graph shows the bond for plain smooth rods, rods with two and four
weeks rust, and rods that were pickeled in hot, ten per cent solu=-
tion of sulphuric acid for five, ten, and fifteen minutes. It can
readily be seen from this graph that pickeling fifteen minutes has
about the same effect on the bond as two weeks rust.

The results can best be summarized as follows:

1. = In the beams reinforced with #00 longitudinal wire and
#3 - 6" transverse wires, the crack opening at the minimum per-
migsible yield point of the steel, 56,000 psi, was well under the
permigsible meximum of 027 inches.

2. = When #2 longitudinal wire was used, #2 = 4%, #2 - 6" and
#4 = 4* transverse wires seemed to control the cracking and keep
it well under .027 inches when a load of 56,000 psi was applied.

3, = When #2 longitudinal wire was used, #2 - 12" and #8 - 6"
transverse wires permitted a crack opening of about .027 inches
et the minimum permissible yield point.

4. - When §#2 longitudinal wire was used, #4 - 12", #8 - 8%,

and #8 = 12" were definitely inadequate to control the cracking.



The crack was opened too wide to permit aggregate interlock action
long before the longitudinal steel was siressed to its yield point.
5, = In the beams reinforced with #6 longitudinal wire and
#6 - 6* transverse wires, the crack opening was less than the
meximum allowable at the minimum permissible yield point of the
steel.
6. = Pickeling reinforcing rods im hot sulphuric acid for
fifteen minutes had about the same effect on bond as two weeks

ruste



Conclusions

Although the number of tests conducted was limited, due to a
failure of the testing machine, several different types of wire
mesh reinforcements were tested and certain conclusions can be
drawn from these tests. Ten of the twelve series of boaﬁs tested
were reinforced with different sizes and spacings of transverse
wires. Three types of longitudinal wires were used.

From Graph 13, it seems that test beams numbered one, rein-
forced with OO longitudinal wire and #3 - 6" transverse wires
would compare favorably with 3/8 inch deformed rods if the longi-
tudinal wires were spaced a little closer than the deformed rods.
Since the minimum permissible yield point of the steel was reached
long before the crack was opened ,027 inches, possibly a -6
transverse wire could be used. Further tests should be conducted
using #00 longitudinal wires and different sizes and spacings of
the transverse wires.

When #2 longitudinal wire and transverse wires of # - 12",
#8 - 8%, and #8 - 12" were tested, the crack opening was ebove the
maximum specified by the Highway Research Board long before the
minimum permissible yield point of the steel waes reached. Trans-
verse wires of #8 - 6" and #2 - 12“ seemed to be at the critical
spacing. The maximum permissible crack opening and the minimum
yield point occurred at about the same time. It would appear

thet #8 transverse wires are definitely too small unless they are
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closely spaced. Even then it probably would not provide sufficient



control of cracking. It also appears that twelve inch spacing of
all the transverse wires tested was excessive.

The cracking was best controlled with transverse wires of
#2 - 4", #2 - 6", and #4 - 4" when #2 longitudinal wire was used.
These transverse wires held the crack well below the specified
maximum of .027 inches when the minimum yield point of 56,000 psi
was reached. Thus it would seem that when #2 longitudinal wire is
used the most desirmble spacing of #2 transverse wires would be
six inches or less and for #4 transverse wires, the spacing should
be not greater than four inches.

When #6 longitudinal wires are used, #6 = 6" transverse wires
seem to be adequate to keep the crack opening to less than .027
inches until the yield point of the steel is reached. However,
this wire mesh would probably not furnish sufficient reinforcement
for a concrete pavement.

It can be concluded from the few tests made on pickeled rein-
forcing that unless a more corrosive substance is used, and this
substance can be economically used commercially, it would be
impractical to pickel steel reinforcing in order to increase the
bonde It is much easier and cheaper to let the reinforcing rust
for two weeks and thus obtain almost the same effect as pickeling
it in a hot ten per cent solution of sulphuric acid for fifteen
minutese.

The conclusions can be summerized as follows:

1. - #00 longitudinal wire with #3 = 6" transverse wires

provide adequate control of cracking in concrete pavements. By
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spacing the longitudinal wires a little closer than the spacing
used for 3/8 inch deformed rod reinforcing about the same amount
of crack control in concrete pavements can be expected.

2. - When #2 longitudinal wire is used, #2 transverse wires
should be spaced mot more than six inches apart.

3. - When #2 longitudinal wire is used, #4 transverse wires
should be spaced not more than four inches apart.

4. - When #2 longitudinel wire is used, #8 transverse wires
are too small to adequately control cracking unless spaced very
closely.

5. = When #6 longitudinal wire is used, transverse wires of
#6 = 6" give sufficient control of cracking provided the yield
point of the steel is not exceeded.

6. - Pickeling steel is not a practical method of increasing

its allowable bond stress.



62

Bibliography

1. Bookss

Bateman, John H., Highway Engineering. N. Y., John Wiley
and 80118, Inco’ 1948’ PP 313 - 322.

Bradbury, Royall D., Reinforced Concrete Pavements.
Washington, D. C., Wire Reinforcement Institute, 1938. 190 p.

Hewes, Laurence I., American Highway Practice, Vol. 2.
No Yo, John '1loy and Sonﬂ, Inco’ 1942, Ch. 6.

2. Periodicals:

3.

4.

Se

Benkelman, A. C., Tests of Aggregate Interlock at Joints
and Cracks. Eng. News-Record, p. 227, Aug. 24, 1933,

Oldery C., Crack Occurrence and Control in Concrete Pavement,
Eng. News-Record, p. 50, July 9, 1931,

Publications of Learned Societies:

Portland Cement Aesociation, Design and Control of Concrete
Mixes. 9th Ed. 1948.

Manueal s
American Steel and Wire Company, American Welded Wire Fabric
for Concrete Reinforcement. 1948,

Unpublished Materials

Becker, Alan A., Interrelationship of Transverse Anchorage
and Adhesive Bond in Welded Wire Reinforcement. Thesis,
Missouri School of Mines and Metallurgy, Rolla, Missouri,
1949.

Weinel, E. A., The Mechanical Anchorage Value of the Trans-
verse Wires in Welded Wire Fabric. Thesis, Missouri School
of Mines and Metallurgy, Rolla, Missouri. 1948,



63

Yits

Frederick R. Heartz was born May 12, 1921, at Exeter, New
Hampshire, the son of Mr. and Mrs. Harold F. Heartz.

His early education was received in grade and high schools
of Exeter, New Hampshire. He emtered the University of New
Hampshire in September, 1940 and was graduated in February, 1944
with the degree of Bachelor of Science in Civil Engineering.

Upon graduation he accepted a position as Junior Engineer
with the U. 8. Geological Survey, Water Resources Branch and
worked in northern New York.

In June, 1944, he was married to Barbara L. Goodrich,
daughter of Mr. and Mrs. Almer F. Goodrich of Exeter, New Hampshire.

Soon after he decided that he wanted to get into structural
engineering and, therefore, resigned from the above position
December, 1944, to take a job with the Oxford Paper Company in
Rumford, Maine as a structural designer and draftsman. He was
with them until September, 1947, during which time he gained
valuable experience in all types of design problems using timber,
steel, concrete, and brick. A building program amounting to
geveral million dollars was in progress at that time,

With a desire to get his M., 5. degree, he resigned from the
Oxford Paper Company September, 1947, and accepted appointment as
Instructor of Civil Engineering at Missouri School of Mines and
Metallurgy. At the same time, he enrolled as a part time graduate

student .



	Efficiency of various types of reinforcement in controlling opening of cracks in concrete pavements
	Recommended Citation

	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068

