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Abstract

The effect of preexisting cracks, oriented in the plane of and parallel to the reinforcing
steel, on the strength of No. 11-bar lap splices was investigated by testing six beams — three with
a splice length of 79 in. and three with a splice length of 120 in. One of the beams with a 79-in.
splice was cast monolithically and loaded monotonically to failure. To simulate the cracks, the
other five beams were cast with a cold joint at the mid-height of the reinforcing steel. Two beams
(one with a 79-in. splice and one with a 120-in. splice) with a cold joint were loaded
monotonically to failure. The other three beams were preloaded to develop horizontal cracks in
the face of the cold joint, unloaded and then loaded to failure; those beams developed horizontal
cracks with widths of 20, 30 and 35 mils (0.02, 0.03, 0.035 in.) during the first cycle of loading
and just prior to unloading. The nominal concrete compressive strength was 5000 psi.

The methods described in this report provide a viable means of simulating a crack in the
plane of flexural reinforcement. In the presence of a simulated crack in the plane of the
reinforcing bars, the two specimens with lap-spliced No. 11 bars with a 79-in. splice length
achieved bar stresses of 62 and 57 ksi. In the presence of a simulated crack in the plane of the
reinforcing bars, the three specimens with lap-spliced No. 11 bars with a 120-in. splice length

achieved bar stresses of 72, 67, and 69 ksi.
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1 Overview / Background

Past research on the strength of lapped bar splices in reinforced concrete has focused on
investigating the performance of various lap splice configurations in monolithic members. The
research program described in this report investigates the effect of preexisting cracks, oriented in
the plane of and parallel to the reinforcing steel, on the strength of lapped bar splices. The
research program was conducted in two phases, a pilot study investigating various methods to
simulate the preexisting cracks that is described in Appendix A of this report, and a series of
beam tests described in the main body of the report.

Beams in the main study had cold joints in the splice region, along the plane of the
reinforcement, to facilitate the initiation of a crack prior to failure. Two No. 3-bar hoops (one on
each side) crossing the plane of the cold joint, in the center of the specimen and on the exterior of
the lap splices, were used to simulate the effects of the continuity of concrete in an actual
structure.

The beams contained two spliced No. 11 bars with 79 or 120-in. long lap splices. Some
of the beams were loaded until horizontal cracks had developed along the plane of the cold joint
with a minimum width of 10 mils (0.01 in.); they were then unloaded and subsequently reloaded

to failure. The remainder of the beams were loaded monotonically to failure.

2 Research Program and Test Specimens

2.1 Design of test specimens

A total of six beam-splice specimens were tested in the main study — three specimens
with a splice length of 79 in. and three with a splice length of 120 in. For the three specimens
with a 79-in. splice length, one was cast with monolithic concrete and the other two were cast
with a cold joint in the plane of reinforcing steel. All three specimens with a 120 in. splice length
were cast with a cold joint in the plane of reinforcing steel. All specimens with cold joints had
two No. 3-bar hoops crossing the plane of the cold joint, outside the spliced bars, at the center of
the specimen.

The beams were subjected to four-point loading to provide a constant moment (excluding dead

load) in the middle portion of the member, where the splice was located, as shown in Figure 2.1.



The specimens were configured to have a constant moment in the splice region to
eliminate the effect of shear forces on splice strength, and also to eliminate the need for shear
reinforcement within the splice region. The spacing of the supports was chosen so that the
distance from either end of the splice to the central pin and roller supports was equal to or greater
than the effective depth of the beam. The span lengths were selected in increments of 3 ft based

on the spacing of load points in the Structural Testing Laboratory of University of Kansas.

Shear

Moment

Figure 2.1 — Configuration and shear and moment diagrams for the testing fixture

The reinforcement diagrams for the specimens in the study are shown in Appendix B. The
top reinforcement layer of the beams consisted of two No. 11 reinforcing bars, which were spliced at
the center of the beam, as shown in Figure 2.1. The No. 11 bars used in the specimens were from a
single heat of reinforcement. The bottom layer of reinforcement, placed to maintain the integrity of
the beam after failure of the splice and to facilitate placement of shear reinforcement in the constant
shear regions, consisted of two Grade 60 No. 3 bars. Beam dimensions and effective depths are
summarized in Table 2.1.



The specimens were proportioned to have two splices, each with a nominal side concrete

cover of 3 in. to the outermost No. 11 bars and a top concrete cover of 3 in. Grade 60 No. 5

closed hoops spaced at 5 in. on center were placed in the constant shear region (Figure 2.1) of all

six beams. Mill certifications for the No. 11, No. 5 and No. 3 bars are reported in Appendix D.

Table 2.1 — Summary of design beam dimensions for beam-splice specimens

Splice Nominal Beam dimensions
Specimen length | Simulated Support | Span, L | Width, b | Height, h | Effective | Depth to
P crack Spacing Depth, d A, d,

(in.) (ft) (ft) (in.) (in.) (in.) (in.)

Bl 79 None 11 25 18 24 20.3 2.8
(monolithic)

B2 79 Cold joint 11 25 18 24 20.3 2.8
B3 79 Cold joint 11 25 18 24 20.3 2.8
B4 120 Cold joint 14 28 18 24 20.3 2.8
B5 120 Cold joint 14 28 18 24 20.3 2.8
B6 120 Cold joint 14 28 18 24 20.3 2.8

The deformation properties of the No. 11 bars are summarized in Table 2.2. The mean

deformation height and spacing of the No. 11 bars meet the requirements of ASTM A615 and the

relative rib area, 0.0685, is within the typical range for conventional reinforcement in U.S.
practice (0.060 and 0.085) (ACI 408R-03).

Table 2.2 — Summary of design beam dimensions for beam-splice specimens

Bar Size

Mean height*
(in.)

Mean height**
(in.)

Mean spacing

(in.)

Relative rib area

No. 11

0.0811

0.0752

0.869

0.0685

*Per ASTM A 615 **Per ACI 408R-03 and ACI 408.3R-09 for calculation of relative rib area

2.2 Concrete

The concrete used to fabricate the test specimens was supplied by a local ready mix plant.

The concrete was non-air-entrained with Type | portland cement, 1%-in. nominal maximum-size

crushed coarse aggregate, and a water-cement ratio of 0.42. A trial batch was prepared at the concrete

laboratory of the University of Kansas prior to casting the first three beams. The aggregate gradation,




mixture proportions, and concrete properties for the trial batch and each of the placements are
presented in Appendix E. The dosage of high-range water reducer was adjusted on site when
considered necessary to obtain adequate slump for placement.

2.3 Cold joint construction and crack simulation

The specimens with cold joints were cast using two placements, with a cold joint at the
mid-height of the top layer of reinforcement, to ensure that a longitudinal crack would develop in
the plane of the reinforcing steel before the beam failed. The cold joints spanned the entire length
of the spliced region and extended approximately 6.5 ft outside of the spliced region (Figures B.2
and B.3 in Appendix B).

In the first placement, concrete was cast up to the center of the top layer of reinforcement
(Figures 2.2, B.2 and B.3). After the concrete was placed, a roughened surface was created to
simulate the roughness of a natural crack by introducing indentations in the concrete while it
remained plastic (Figure 2.3). The exposed reinforcing steel was cleaned using sponges to
facilitate adequate bond between the exposed bars and the concrete cast during the second
casting stage. The specimens were moist cured for a day, and the remainder of the concrete was
placed no later than 26 hours after the original placement. The concrete for the second placement
had the same mixture proportions and was supplied by the same ready-mix plant as the first.
Before the second placement, the concrete surface was cleaned using compressed air to remove
debris and loose concrete, and maintained in a wet condition until the second placement started
(Figures 2.4 and 2.5). After casting, the specimens were moist-cured until the compressive
strength of the concrete from the first placement exceeded 3500 psi.

Some beams were loaded in two stages to ensure that the preexisting crack of minimum
width had formed in the plane of the reinforcing steel. To do this, beams were loaded
monotonically until the width of the horizontal cracks at the cold joint exceeded 10 mils (0.01
in.). After initial loading, the specimens were unloaded and subsequently reloaded monotonically
to failure.



Concrete cast monolithically

at the ends of the beam
specimen.

Concrete cast to the level of
reinforcing steel in the middle
ey '\ portion of the beam specimens.

\\‘ﬂull\\\\lv i vt )

Figure 2.2 — Beam specimen after first stage of casting was completed.




(@) (b)

Figure 2.3 — Roughening of the concrete surface at the cold joint. (a) roughening of the concrete
surface while the concrete remains plastic. (b) roughened surface after concrete had set.

Figure 2.4 — Removal of loose concrete using compressed air.



Figure 2.5 — Wetting of concrete surface prior to concrete placement.

The flexural strength of the concrete (a measure of its tensile strength) was measured in
accordance with ASTM C78. For each set of beams, two specimens were cast monolithically
with concrete from below the cold joint and two were cast with a cold joint at midspan in the
flexure specimen using concrete from both below and above the cold joint in the beam. For
Beams 4, 5, and 6, two additional flexure beams were cast monolithically using the concrete
from the second placement (above the cold joint). The specimens with the cold joint were cast so
that half of the total length was filled with concrete from below the cold joint in the splice
specimens; the concrete surface was then roughed (

(©



Figure 2.6) following the same procedure used for the beam-splice specimens (Figure 2.3
to Figure 2.5). The second half of the “cold joint” flexure specimens was cast using concrete
from above the cold joint in the splice specimens. A schematic of the flexure test is shown in
Figure 2.6(c). The test results are summarized in Chapter 3 and indicate that the cold joint had
significantly lower tensile strength than monolithically-cast concrete, and thus provided a good

representation of a preexisting crack.
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Figure 2.6 — Flexure beam specimens with cold joint. (a) A flexure beam specimen cast to half
of its length. (b) Roughed concrete surface. (¢) Schematic of flexure test (ASTM C78).



2.4 Test methodology

24.1

Formwork

Fabrication

The formwork was fabricated using plywood and dimension lumber with the tolerances

specified in Table 2.. The interior of the forms was coated with a sealant, taped at the seams to

prevent leakage, and covered with a thin layer of oil before casting. The dimensions of the

formwork were measured and are recorded in Table F.1 (Appendix F).

Table 2.3 — Form tolerances

Width, in. | Height, in. Beam Length
79-in. Splice 120-in. Splice
Specimens Specimens
Nominal 18 24 25 ft 28 ft
Tolerance +1/2 £1/2 1in. +1in.

Reinforcement

The steel reinforcement was fabricated to meet the dimensions specified in the drawings

shown in Appendix B. In the splice test region, the bar spacing, concrete cover, location of

simulated cracks, and splice length satisfied the tolerances specified in Table 2.. Outside of the

splice test region, the bar spacing, concrete cover, and longitudinal bar location satisfied the

intended tolerance of + 1/2 in. Inside the forms, the reinforcing steel was supported by chairs tied

to the bottom of the hoops outside of the test region (splice region) and to the bottom layer of

longitudinal reinforcing steel in the splice region. Spliced bars were supported by small-diameter

threaded rods attached to both sides of the forms. The threaded rods were introduced with the

objective of achieving the specified tolerance in the cover dimensions and preventing bowing of

the forms at the top of the beams. Cover and reinforcement dimensions in the test region were

measured and are recorded on Table F.2 (Appendix F).
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Table 2.4 — Specified tolerances within the splice region

Tolerance +1/2 + 3/8 +1/2

2.4.2 Casting

The properties of the plastic concrete were measured in accordance with the ASTM

standards cited and are presented in Table F.3. The following properties were recorded:

- Unit Weight (ASTM C138)
- Slump (ASTM C143)
- Concrete Temperature (ASTM C 1064)

The concrete truck operator delivered a ticket with the batched mixture weights. The
ticket was examined to verify that the mixture delivered had the specified proportions and that
the concrete had arrived less than 45 min. after leaving the batching plant. No water was added
to the concrete after the truck left the plant.

The beams were cast in two layers, beginning and ending at the ends of the beams. The
bottom and top layers of concrete in the splice regions of all three beams were placed from the
middle portion of the batch. The concrete was sampled at two points in the middle portion of the
batch in accordance with ASTM C172, the first sample taken immediately after placing the first
lift, and the second sample taken immediately after placing the second lift in the splice regions.
After placing the second lift, excess concrete was removed from the formwork using a screed.
The upper surfaces of the specimens were finished using hand floats.

The samples were consolidated prior to testing the plastic concrete (for slump, unit
weight, and concrete temperature) and making the strength test specimens. Ten plastic and six
steel 6 x 12-in. cylinder molds were filled in accordance with ASTM C31, along with four
flexural beam specimens cast in accordance with ASTM C78. Two of the flexural beam
specimens were cast monolithically and two were cast with cold joints. Cylinders cast in plastic
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molds were used for monitoring the strength of the concrete prior to testing the beam; the
cylinders cast in steel molds were used to obtain the compressive strength on the day of test of
each beam. All flexural beam specimens were tested on the day of test of the corresponding
beam. Test beams and cylinders were labeled with an identifying mark.

For specimens with a cold joint, the concrete above the joint plane was placed no later
than 26 hours after the initial placement. The concrete above the cold joint had the same mix
proportions as the concrete below the cold joint and was supplied by the same ready-mix plant.
The concrete slump, unit weight, and temperature were recorded. A minimum of five 6 x 12-in.
cylinders (two in plastic molds and three in steel molds) were prepared. The two cylinders cast
using plastic forms were tested on the day of form removal when the concrete below the cold
joint had achieved a compressive strength of 3,500 psi. The three cylinders cast using steel molds
were used to determine the concrete compressive strength on the day the beams were tested.

2.4.3 Curing

Test cylinders and flexure beam specimens were stored and cured next to the beam-splice
specimens and under similar conditions of temperature and humidity. The beams were covered
with wet burlap immediately after finishing of the beam surface. The beams, flexure beams, and
the 6 x 12-in. cylinder specimens were moist-cured by keeping them covered with wet burlap
and plastic until the measured compressive strength of the concrete exceeded 3500 psi. The
plastic cylinder molds were sealed with plastic caps during the period in which the beams were
wet cured.

The beam formwork and the molds were removed after the 3500 psi threshold was
exceeded. After demolding and removal of the forms, the specimens were air-cured until the

measured compressive strength reached 5000 500 psi.

2.4.4 Test apparatus

The beam-splice specimens were tested using a four-point loading configuration (Figure
2.1 and Figure 2.7). To facilitate inspection of the splice region during the test, the loads were
applied in the downward direction (Figure 2.7) so that the main flexural reinforcement would be

located at the top of the beam. The splice region was located between the two supports (Figure
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2.7) in the central constant moment region of the beam. The final location of the supports was
measured (to the nearest “/g-in.) and is reported in Table F.4 (Appendix F). As-built external
dimensions of each test beam were recorded using the same form. The maximum deviation from

nominal dimensions in the test region was %2 in.

Load cells
- 2

[ oo |

&

—

=

Splice region

=

Roller and pin
supports

Figure 2.7 — Four-point loading configuration

Loads were applied at the ends of the specimen using two loading frames, as shown in
Figure 2.7. Each loading frame consisted of two load rods attached to a loading beam that was
placed above the specimen. Loading was imposed through dual-acting center-hole hydraulic
rams attached to the lower surface of the reaction floor. At the start of the test, the lower end of
the load rods passed through the reaction floor without applying load to the specimen other than
the weight of the loading frame and the rods. A total of four rams were used, two for each
loading frame. High-pressure hydraulic lines connected the rams to separate pressure and return
manifolds, which were connected to the pressure and return lines of a single hydraulic pump. All
hoses and other hydraulic hardware were inspected visually before testing began.

The beams were instrumented to measure displacement and load. As shown in Figure 2.8,

the applied load was measured with load cells mounted on the load rods, and displacements were

13



recorded using displacement transducers and dial gages (for redundancy) at the center of the
beam and at each of the two load points.

Within each specimen, 350-ohm Y%s-in. strain gages with attached leads were bonded to
the spliced bars, approximately 2 in. outside the edges of the splice. One deformation in each bar
was removed using low-heat grinding to provide a smooth surface to attach the strain gages.
Strain gages were attached to the bars using epoxy cement and sealed following the
recommended procedures by the manufacturer for submersion in concrete. The strain gages were
placed so that the coating used to seal the strain gages covered only deformations outside of the

splice region. The strain gages provided little useful data.

I

f

Displacement transducer
at load point

Figure 2.8 — Loading apparatus and instrumentation at each load point
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2.4.5 Loading protocol

The double acting rams were fully retracted prior to the start of each test. With the
loading rams in the fully retracted position, slack was taken out of the load rods by tightening the
nuts until each load rod was nearly engaged with the fully retracted hydraulic jacks, but without
applying any load. This procedure was adopted to prevent rotation of the loading beams and
consequently maintain even loading across all four rods.

Before load was applied, all displacement transducers, load cells, and strain gages were
zeroed and initial readings were recorded for each of the three dial gages. Data were recorded
continuously by the data acquisition system with a sampling rate of approximately one sample
per second. Recorded data was continuously appended to a data file to prevent any loss of data in
case of system failure.

Load was applied using a single manually-controlled hydraulic pump. Loading was
stopped at predetermined load levels to visually inspect the beam, mark visible cracks (identified
based on the average value of the load applied at one end of the beam, as illustrated in Figure
2.9), measure crack widths using crack comparators, and to record strain and dial gage readings.
The specimens were marked before each test to indicate the locations of the ends of the splice
region, the beam centerline, the pin and roller (pedestal) supports, and the load apparatus. The
markings, shown in Figure 2.10, were ‘SR’ to indicate the ends of the splice region, ‘CL’ for the
centerline of the beam, and ‘PS’ for the center of the pedestal support. All longitudinal
measurements were taken using the centerline of the beam as a reference point to eliminate any

inconsistencies caused by small deviations from the nominal length in the specimens.

15



Figure 2.9 — Crack inspection and marking during test

uf

SR: End of splice region marks

CL: Beam centerline mark

(a)
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A <=
‘ \ PS: Pedestal support
- centerline mark

(b)

Figure 2.10 — Beam marks: (a) End of splice region and centerline of the beam; (b) pedestal
support centerline

The initial load increment was chosen to be smaller than one half of the calculated
flexural cracking load to ensure that all instruments and the hydraulic system were operating
properly. From this point forward, loading proceeded in increments of approximately 5 kips at
each end of the beam. The final load step at which cracks were marked was approximately two-
thirds of the estimated failure load. In some of the specimens, the loading protocol was such that
the specimens were unloaded after the formation of a horizontal crack with a width of at least 10
mils in the splice region. After the specimen was fully unloaded, it was loaded to failure
following the procedure specified above for monotonically-loaded specimens. The loading
protocol used for each beam is presented in Table 2..

A log was maintained to record any meaningful observations during the test, such as load
corresponding to flexural cracking, crack widths, file names, and gage readings. The logs are
presented in Appendix H.

After failure, cracks were marked on the specimens with each identified using the
preliminary value of the average maximum end load (this value typically deviated by a few
percent from the recorded value).

The following data were recorded and continuously transferred to disk throughout each
test:

17



Force applied to each load rod
Displacement at midspan and each load application point

Strain in the reinforcing steel

Table 2.5 — Detailed loading protocol for each beam

Beam

Loading Protocol

(1)Monotonically-increasing load up to an average end load of 40 Kips in increments of 5 kips.
At the end of the each increment, the beam was inspected for cracks and dial-gage
displacement measurements were recorded.

(2) Loading resumed with increasing displacement until failure.

(1)Monotonically-increasing load up to an average end load of 25 kips in increments of 5 Kips.
At the end of the each increment, the beam was inspected for cracks and dial-gage
displacement measurements were recorded.

(2) Dial-gage measurements were recorded at an average end load of 30 kips.

(3) Loading resumed with increasing displacement until failure.

(1)Monotonically-increasing load up to an average end load of 30 kips in increments of 5 Kips.
At the end of the each increment, the beam was inspected for cracks and dial-gage
displacement measurements were recorded.

(2) The beam was fully unloaded and dial-gage displacement measurements were recorded.

(3) The beam was loaded a second time up to an average end load of 35 kips in load increments
of 5 kips. At the end of the each increment, dial-gage displacement measurements were
recorded. The beam was inspected for cracks at an average end load of 30 kips.

(4) Loading resumed with increasing displacement until failure.

(1)Monotonically-increasing load up to an average end load of 35 kips in increments of 5 kips.
At the end of the each increment, the beam was inspected for cracks and dial-gage
displacement measurements were recorded.

(2) Loading resumed with increasing displacement until failure.

(1)Monotonically-increasing load up to an average end load of 40 Kips in increments of 5 kips.
The beam was inspected for cracks and dial-gage displacement measurements were recorded at
the end of each increment.

(2) The beam was fully unloaded and dial-gage displacement measurements were recorded.

(3) The beam was loaded a second time up to an average end load of 40 kips in increments of 5
kips. Dial-gage displacement measurements were recorded at the end of each increment. The
beam was inspected for cracks at average end loads of 20, 30, 35 and 40 kips.

(4) Loading resumed with increasing displacement until failure

(1)Monotonically-increasing load up to an average end load of 40 Kips in increments of 5 kips.
The beam was inspected for cracks and dial-gage displacement measurements were recorded at
the end of the each increment.

(2) The beam was fully unloaded and dial-gage displacement measurements were recorded.

(3) The beam was loaded a second time. The beam was inspected for cracks and dial-gage
displacement measurements were recorded at average end loads of 10, 20, 30, 35, and 40 Kips.
(4) Loading resumed with increasing displacement until failure.

18




2.4.6 Calibration

Instruments used to measure force and displacement were calibrated following the
procedure specified in this section. The applied load was measured using load cells.
Displacement transducers (either linear variable differential transformers or string potentiometers
depending on availability) were used to record the vertical beam deflections. Load cells and
displacement transducers were calibrated using a digitally-controlled hydraulic test frame
calibrated annually using NIST-traceable standards. Load cell and displacement transducers were

calibrated following the steps listed below:

1) The sensor (load cell or displacement transducer) was connected to the data-
acquisition system that was used in the test.

2) The sensor was securely mounted on the testing machine.

3) A series of known force or displacement increments were applied to the sensor.
Calibrations were performed exceeding the displacement and load range expected
during the tests. In the case of load cells, calibrations were performed between zero
and 100 kips. In the case of displacement, calibrations were performed in a range
between zero and 4 in.

4) Sensor output was recorded with the data-acquisition system at each known
displacement or force increment.

5) A least-squares linear regression analysis was performed on force and displacement

versus sensor output to determine the calibration constant.

The load cells and displacement transducers were calibrated before and after testing each
three beams and the calibration results are reported in Appendix G. The calibration constant

deviated with an average value of 0.28% for all sensors, ranging between 0 to 0.84%.

2.5 Test Facilities

The tests were performed in the Structural Testing Laboratory at the University of Kansas,
a facility of the KU Structural Engineering and Materials Laboratory (SEML). The Laboratory
has static and servo-hydraulic test equipment for the testing of steel, concrete, and composites.

The structural testing bay has 4000 square feet of open laboratory area with a clear height of 30
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ft for large-scale structural testing. Loads up to 100,000 Ib can be applied on 3-ft centers over a
50 x 80 ft area. The laboratory houses a 600,000-Ib universal testing machine for testing steel
and concrete. A 450,000-Ib MTS Structural Test System supported on a four-column test frame
may be used for dynamic and cyclic testing of large scale structural components. 110,000-1b and
55,000-Ib MTS Structural Test Systems are also used for cyclic and dynamic testing of full-scale
structural components within the test bay. Actuators within the test bay are powered by two
hydraulic pumps (total flow rate of 110 gpm), meeting the requirements for demanding cyclic
test applications. High-speed Mars Labs, National Instruments (used in the current study), and
Hewlett Packard data acquisition systems are available to monitor and record load, strain, and
displacement. The structural testing laboratory includes an overhead 20-ton crane with access to
the entire lab floor area. Over 500 beam-end tests and over 200 splice tests have been performed
in the KU Structural Testing Lab since 1990.

Material tests were performed in the Concrete Laboratory, another SEML facility, which
is equipped to run standard tests on cement, aggregates, and concrete. Equipment is available to
test concrete aggregate for deleterious behavior, including alkali silica reactivity, and to measure
aggregate properties as they affect mixture proportioning. Freeze-thaw equipment is available for
running tests under both Procedures A and B of ASTM C666. A walk-in freezer is used for
scaling tests. Concrete is cured under controlled temperature and humidity in the lab's curing
room. Two hydraulic testing machines, with load capacities of 180 tons (400,000 Ib), are used
for concrete strength determination.

Certificates of calibration for the equipment used in this study, including for the test frame

used to calibrate the sensors, are presented in Appendix I.
2.6  Section Analysis

Splice strength was evaluated based the calculated moment in the splice region at failure
(ACI 408R-03). Loads, moments, and stresses for the beams were calculated using a two-
dimensional analysis in which loads and reactions were assumed to act along the longitudinal
centerline of the beam. Reactions and moments were based on load cell readings and the weight
of the loading assemblies. The self-weight of the beam was included in the calculations based on

average beam dimensions and an assumed concrete density of 150 pcf.
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The test specimens were evaluated using cracked section theory assuming a linear strain
distribution through the height of the cross-section. The beams were analyzed using an
equivalent rectangular stress block and moment-curvature analyses for comparison. The
moment-curvature relationship was derived using the nonlinear stress-strain relationship for
concrete proposed by Hognestad (1951) and follows the procedure described by Nilson, Darwin,
and Dolan (2010). Figure 2.11 shows the assumed stress distribution in the compression zone for
the moment-curvature and the equivalent rectangular stress block analyses. Good agreement in

the calculated bar stress at failure was typically noted between results obtained with the two

methods.
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Figure 2.11 — Assumed stress distribution in the compression zone used in moment-curvature
and equivalent rectangular stress block analyses [after Nawy (2003)]

In calculating splice strength, the tensile stress in the steel fs (ksi) was calculated as
following the procedures used by ACI Committee 408 (2003):

f, =E xg, =29000x &, for f < measured yield strength f, (1)

For & > f,/Es, fs = f, for & < &n, where &, = 0.0086 for f, = 60 ksi and 0.0035 for f, = 75
ksi and above. There is no flat portion of the stress-strain curve for f, > 101.5 ksi. The modulus
of strain hardening Es, = 614 ksi for f, = 60 ksi, 713 ksi for f, = 75 ksi, and 1212 ksi for f, > 90
ksi. The values of & and Eg, for f, between 60 and 90 ksi are obtained using linear interpolation.

The equivalent rectangular stress block used in the calculations was proposed by Whitney
with the values of the parameter 4, specified in ACI 318-11. The moment-curvature relationship

was calculated using the concrete model proposed by Hognestad (1951).
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where:

fc = concrete stress, psi

f. = concrete compressive strength, psi
f' = peak concrete stress, psi

& = concrete strain
& = concrete strain at peak stress
&y = ultimate concrete strain at crushing
E. = approximate concrete modulus of elasticity, psi
Tensile stresses carried by the concrete were neglected in both analyses.
The calculations using both equivalent rectangular stress block and moment-curvature
analyses proceed as follows:

1. Select top face concrete strain & in the inelastic range.

2. Assume the neutral axis depth, at distance ¢ below the top face.

3. Assuming a linear variation in strain throughout the depth of the member, determine the
tensile strain in the steel & (equal to the tensile strain in the concrete at the level of the
steel &).

4. Compute the stress in the reinforcing steel fs in accordance with the defined stress-strain

relationships (above). The tensile force in the steel T = f; x As (see Figure 2.11).
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Determine the compressive force C, which equals to 0.85 fcba (Figure 2.11b) for the
equivalent rectangular stress block method, or by numerically integrating the concrete
stresses as defined by Eq. (2) and (3) for the moment curvature method.

If C =T, go to step 7. If not, adjust the neutral axis depth c in step 2 and repeats steps 3 —
5.

Using the internal lever arm z from the centroid of the concrete stress distribution to the
tensile resultant, the calculated bending moment M = Cz = Tz.

If the calculated bending moment M equals the applied bending moment (from test), fs
equals the force in the reinforcing steel. If the calculated bending moment does not equal
the applied bending moment, modify & and c in steps 1 and 2, respectively, and repeat

steps 3 — 7 until the calculated bending moment M equals the applied bending moment.
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3  Test Results

3.1 General

The testing program consisted of six beam-splice specimens. Three of the specimens had a lap
lap splice length of 79 in., and three had a lap splice length of 120 in. The measured loads and
calculated bar stresses at failure are presented in
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Table 3.1. In addition to failure loads, Table 3.1 includes measured material properties and
bar cover dimensions. Bar stresses at failure listed in Table 3.1 include those calculated using the
equivalent rectangular stress block and moment-curvature analysis. Measured specimen
dimensions and other details of the beam tests are presented in Appendix H.

Moment-curvature analyses consistently produced calculated higher bar stresses than did
the analysis using the equivalent rectangular stress block. This is to be expected because the
parameters of the equivalent stress block were calibrated to reflect the characteristics of the
compression zone when the peak strain in the concrete exceeds 0.003 and the concrete in the
compression zone is well into the nonlinear range. Under these conditions, the depth of the
compression zone is reduced, resulting in a slightly larger distance between the tension and
compression resultants. With the exception of Beam 1, the splices failed prior to crushing of the
concrete in the bottom surface of the beam, so it was to be expected that the equivalent
rectangular stress block would slightly overestimate the distance between tension and
compression resultants and consequently underestimate the stress in the reinforcing bars. The
difference, on average, between the bar stresses at failure calculated by the two methods was 1.5
ksi for the six beams tested in this study, with moment-curvature analysis producing the greater
value. All bar stress values discussed subsequently are those calculated using moment-curvature

analysis, which is considered to be more accurate method for the reasons stated above.
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Table 3.1 — Bar stresses at failure for beam-splice specimens

Total Calculated Calculated bar stress
. Concrete load at at failure, ksi
Beam ID — Splice Concrete . moment at _ .
strength, < splice . Equiv Failure mode
length : cover, in. - splice * | Moment-
pst ailure, | goilure, kip-ft | Stress
Kips ' block curvature
1-79in. Flexural
(monolithic) 3/3/3 103 344 70 70 Failure
2-79in. Soli
- plice
(Crzléjn{;)t?r:’i(!gﬁd)ed 5330/ w3 % 29 > 62 failure™
el 4330°
3-79in.
(cold joint, Splice
3.25/3.35/2.9 80 270 53 57 e
unloaded and failure
reloaded)
Splice failure
4-120in. and
(cold joint, loaded 3/2.8/3.4 105 350 71 72 secondary
monotonically) flexurg*l*
failure
5-120in. Splice failure
(cold joint, 5230/ and
+ 3.15/3/15/3.15 96 325 66 67 secondary
unloaded and 5490
flexural
reloaded) failure™
6—120in. Splice failure
i and
(cold joint,
3.15/3.15/2.9 100 338 69 69 secondary
unloaded and
flexural
reloadEd) failure***

® Top cover/north side cover/south side cover

* Compressive strength of concrete below and above the cold joint.

" Test was stopped after reinforcing steel yielded, when crushing of the concrete in the compression zone was
observed.

“ Splice failed prior to yielding of the flexure reinforcement.

" Splice failed after yielding of the flexure reinforcement

3.2 Beams 1, 2, and 3 with 79-in. splice length
3.2.1 Concrete strength

The concrete strengths for Beams 1, 2 and 3 are summarized in Table 3.2. Beam 1 was
cast monolithically, while Beams 2 and 3 were cast in two stages to accommodate the presence
of a cold joint at the level of the flexure reinforcement. Beam 1 and the concrete below the cold
joint for Beams 2 and 3 were placed on May 24, 2012 and the concrete above the cold joint was

placed on May 25, 2012. The forms were removed on May 28, 2012, when the average concrete
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compressive strength for both placements exceeded 3500 psi. All three beams were tested on
May 31, 2012. On that date the concrete from the first placement had an average compressive
strength of 5330 psi, and the concrete from the second placement had an average compressive
strength of 4330 psi (Table 3.2). The average split cylinder strength and the average modulus
rupture were 435 and 570 psi for the concrete below the cold joint in accordance with ASTM
C496 and ASTM C78, respectively. The tensile strength for the concrete above the cold joint
was not recorded for the first three beams. The flexural beam specimens with cold joints were
also tested and had an average modulus of rupture of 140 psi, significantly lower than that of
specimens cast monolithically. The fact that the tensile strength of the flexural beam specimens
with cold joints was significantly lower than the strength of monolithic specimens indicates that
the presence of a cold joint did in fact introduce a weak plane at the level of reinforcing steel.
The proportions of the concrete mixture and the properties of the concrete for each placement are

reported in Table E.2 of Appendix E.

Table 3.2 Concrete strengths for Beams 1, 2, and 3

Concrete below cold joint | Concrete above cold joint
Average Compressive Strength when 40107 3640°
forms were removed
Average Compressive Strength at test 5330° 4330¢
date, psi
Split Cylinder Strength (ASTM 435° -
C496), psi
Modulus of Rupture (ASTM C78), psi 570° -
Modulus of Rupture for specimens 140° -
with cold joint, psi

*Tested at 4 days; °tested at 3 days; tested at 7 days; “tested at 6 days
A segment of the No. 11 bars used in the splice-beam specimens was tested in tension
and the bar strains were recorded using a linear variable differential transformer (LVDT ) used as
the extensometer (gage length = 8.0 in.). The measured stress-strain curve for the No. 11 bar is
shown in Figure 3.1. The yield stress calculated using the 0.2% offset method was 67 ksi and the

measured elastic modulus was 28,990 ksi. The maximum measured steel stress was 105 Kksi.
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Figure 3.1 — Measured stress-strain curve for No. 11 bar

3.2.2 Beam 1 (monolithic concrete)

3.2.2.1 Beam 1 load-deflection curve

Beam 1 was cast monolithically with a splice length of 79 in. It was loaded
monotonically to failure (the load protocol is presented in Table 2.). The load-deflection curve
for Beam 1 is shown in Figure 3.2. The displacement shown in the figure was calculated by
adding the average of the displacement at the two load points to the displacement at the beam
centerline. The load shown in the figure corresponds to the total load applied to the beam (the
sum of the two end loads). The load-deflection relationship shows that there was a significant
reduction in the stiffness of the beam at a total load of approximately 20 kips, which coincided
with the first observation of flexural cracks. Another significant reduction in flexural stiffness
was observed at a total load of 94 kips and a total displacement of approximately 2.8 in. In this
case the reduction in stiffness is attributed to the yielding of the flexural reinforcement. The
calculated bar stress corresponding to the total load of 94 Kips is 68 ksi based on moment-

curvature analysis (
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Table 3.1). The positive slope of the load-deflection relationship after a total load of 94

Kips is attributed to the strain hardening of the reinforcing steel. Loading continued until a

flexural failure occurred, which was accompanied by crushing of the concrete in the compression

zone, near the supports, at a total load of 103 kips, corresponding to a bar stress of 70 ksi, and a

total deflection of approximately 5 in. (Figure 3.3).
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Figure 3.2 — Total load vs. total deflection for Beam 1 (cast monolithically) (Total load
calculated as the summation of the two end loads and total deflection calculated defined by
adding the average deflection at two ends and the deflection in the beam centerline).

Flexural failure in the

compression region
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Figure 3.3 — Flexural failure in the compression region for Beam 1. Numbers indicate maximum
average end load when cracks marked.

3.2.2.2 Crack progression-Beam 1

Maximum measured crack width versus average end load for Beam 1 is shown in Figure
3.4; the crack map for Beam 1 is presented in Figure 3.5 (see figures in Appendix C for greater
detail). The first flexural cracks formed near the east support at the end of the east splice region,
at an average end load of 10 kips (total load of approximately 20 kips). The flexural cracks grew
progressively wider and more numerous as the load increased. The first horizontal crack formed
near the support at an average end load of 25 kips (Figure 3.6). Both longitudinal and flexural
cracks continued to increase in width and number as the load increased. At the last crack
marking prior to failure (average end load of 40 kips), the widest flexural crack had a width of 25
mils (0.025 in.) and the widest horizontal (bond) crack had a width of 18 mils (0.018 in.).
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Figure 3.4 — Maximum crack width vs. average end load (one-half of total load) for Beam 1.
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Figure 3.5 — Crack map for Beam 1. Numbers indicate maximum average end load when cracks
marked. See Figure C.1 in Appendix C for greater detail.

Figure 3.6 — Beam 1, north side of east support with horizontal crack, 25 kip end load.

Failure occurred at an average end load of 51 Kkips (total load of 103 kips). The failure
mode was Yielding of the bars followed by crushing of the concrete near the supports (Figure
3.7). Both flexural and horizontal cracks were present near the splice region (Figure 3.8). At the
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support (Figure 3.9), flexural cracks extended most of the depth of the beam; no horizontal
cracks were present.

A detailed autopsy was not performed on Beam 1. Concrete was removed in selected
regions to verify the concrete cover to the splice was within tolerances. Top cover was 3 in. to

the outer bar in the splice and 3-1/4 in. to the inner bar in the splice for both splices.

Figure 3.7 — Beam 1, underside near support, failure.
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Figure 3.8 — Beam 1, north side of west splice region, failure.

Figure 3.9 — Beam 1, south side of east support, failure.
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Figure 3.10 — Beam 1, centerline, failure.

3.2.3 Beam 2 (cold joint, monotonically-loaded)
3.2.3.1 Beam 2 load-deflection curve

Beam 2 was cast with a cold joint in the plane of reinforcing steel. It was monotonically loaded
loaded with a load increment of approximately 5 kips (average end load, the load protocol is
presented in Table 2.). The load-deflection curve for Beam 2 is shown in Figure 3.11. The total
displacement and total load shown in the figure were calculated in the same manner as for Beam
1. The total load corresponding to cracking was very similar to that of Beam 1, approximately 20
Kips. The beam was loaded to a maximum total load of 85 kips, with a corresponding total
displacement of 2.25 in. At this point the beam failed with a sudden splitting of the concrete
along the cold joint. Wide horizontal cracks were observed in the plane of the cold joint within
the splice region (Figure 3.12). The widest horizontal crack was measured to be % in. wide after
failure. It is concluded that the beam failed due to failure of the splice at a total load of 85 Kips.
The calculated bar stress corresponding to the total load of 86 kips is 62 ksi based on moment-
curvature analysis (
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Table 3.1), above the minimum specified yield strength of 60 ksi for Grade 60

reinforcement but 5 ksi below the actual yield strength of 67 ksi.
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Figure 3.11 — Total load vs. total deflection for Beam 2 (with a cold joint)

Wide horizontal crack at failure
within the splice region

Figure 3.12 — Beam 2 (with a cold joint) failed with wide horizontal crack
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3.2.3.2 Crack progression-Beam 2

Maximum measured crack width versus load for Beam 2 is shown in Figure 3.13; the
crack map for Beam 2 is presented in Figure 3.14. The first flexural cracks formed near the
supports and ends of both splice regions at an average end load of 15 kips (total load of 30 kips).
Horizontal cracks first formed at an average end load of 20 kips at both ends of the splice region
along the cold joint (Figure 3.15). Both longitudinal and flexural cracks continued to increase in
width and number as the load increased, with horizontal cracks propagating along the cold joint.
When the last cracks were marked prior to failure (conducted at an average end load of 30 Kips),
the widest flexural crack had a width of 20 mils (0.02 in.) and the widest horizontal crack had a
width of 13 mils (0.013 in.).
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Figure 3.13 — Maximum crack width vs. average end load for Beam 2,
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Figure 3.14 — Crack map for Beam 2. Numbers indicate maximum average end load when
cracks marked. See Figure C.2 in Appendix C for greater detail.

Figure 3.15 — Beam 2, northeast support with horizontal crack, 20 kip end load.

Failure occurred at an average end load of approximately 43 kips (total load of 85 kips).
At failure, the concrete above the cold joint separated from the remainder of the beam (Figure

3.16). Near the splice region, a large flexural crack was also present (Figure 3.16). The
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horizontal crack progressed approximately 12 in. past both ends of the splice region, and with the
exception of near the centerline, continued along the cold joint. At the centerline, the crack split
through the cover and around the single hoop present at the centerline (Figure 3.17), indicating
the hoop was effective in preventing the crack from growing near the centerline. As shown in

Figure 3.17, the region affected by the hoop was small.

Figure 3.16 — Beam 2, southwest splice region showing separation of concrete, 43 kip end load.
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Figure 3.17 — Beam 2, centerline at failure.

3.2.4 Beam 3 (cold joint, cycled)
3.2.4.1 Beam 3 load-deflection curve

Beam 3 was cast in the same manner and at the same time as Beam 2, with a cold joint in
the plane of reinforcing steel. Instead of loading the beams to failure monotonically, Beam 3 was
first loaded to a total load of 60 kips, unloaded to zero, and then re-loaded monotonically to
failure (the load protocol is presented in Table 2.). When the beam was first loaded to a total
load of 60 kips (average end load of 30 kips), the average end load was increased in increments
of approximately 5 kips. The specimen was inspected for cracks, which were marked at each
load step. At a total load of 60 kips, the maximum horizontal crack width was 20 mils (0.02 in.).
When the beam was loaded for the second time, it was loaded up to a total load of 60 kips
without inspecting for cracks. The only visual measurement conducted during the second loading
was the recording of dial gage readings at approximately 5-kip increments (average end load).
The beam was inspected for cracks again when the total load reached 60 kips for the second
time. At this point some of the horizontal cracks widened to a maximum width of 35 mils (0.035

in.)
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The load-deflection curve for beam 3 is shown in Figure 3.1818. Overall, Beam 3
performed very similar to Beam 2, except for the peak load. The beam failed at a total load of 80
kips (compared with a total load of 85 kips for Beam 2), in the same manner as observed for
Beam 2. A wide horizontal crack in the plane of the cold joint, within the splice region, was
observed after failure (Figure 3.19), with the widest portion of the crack being 3/8-in. It is
concluded that the beam failed due to a splice failure. The calculated bar stress corresponding to

the total load of 80 kips is 57 ksi based on moment-curvature analysis (
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Table 3.1).
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Figure 3.18 — Total load vs. total deflection for Beam 3 (with a cold joint)

Figure 3.19 —Beam 3 failure with wide horizontal cracks along cold joint

3.2.4.2 Crack progression-Beam 3

Maximum measured crack width versus load for Beam 3 is shown in Figure 3.20; the
crack map for Beam 3 is presented in Figure 3.21. As seen in both figures, the first flexural
cracks formed near end of the east splice region at an average end load of 10 kips (total load of
20 kips). At an average end load of 15 kips, flexural cracks were present at both ends of the

splice region and both supports. A horizontal crack first formed at an average end load of 15 kips
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at the west end of the splice region along the cold joint, with additional horizontal cracks
forming and reaching a 9-mil (0.009 in.) width at an average end load of 20 kips (Figure 3.22).
At an average end load of 30 kips, a 40-mil (0.04-in.) width flexural crack and 20-mil width
horizontal crack were recorded. At this point, the beam was unloaded. With zero load, the
maximum flexural and horizontal crack widths decreased to 13 and 7 mils (0.013 and 0.007 in.),
respectively. The load was reapplied, and at the last crack mapping (average end load of 30
kips), the widest flexural crack had a width of 55 mils (0.055 in.) and the widest horizontal crack
had a width of 35 mils (0.035 in.), much wider than the cracks noted at the first loading to a 30-

kip average end load.
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Figure 3.21 — Crack map for Beam 3. Numbers indicate maximum average end load when
cracks marked. See Figure C.3 in Appendix C for greater detail.

Figure 3.18 — Beam 3, northwest splice region with horizontal crack, 20 kip end load.

Failure occurred at an average end load of 40 kips (total load of 80 kips), a slightly lower
load than the monotonically loaded Beam 2 (total load of 85 Kips). At failure, the concrete above
the cold joint separated from the remainder of the beam, with the horizontal crack propagating
along the cold joint in a region that was somewhat larger than the splice region except for a small
region near the centerline, which was restrained by the No. 3-bar hoop (Figure 3.23). Large

flexural cracks were also present near both ends of the splice region.
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Figure 3.23 — Beam 3, splice region and centerline showing separation of concrete, 40 kip end
load.

3.3 Beams 4,5, and 6 with 120-in. splice length

3.3.1 Concrete strength

The concrete strengths for Beams 4, 5 and 6 are summarized in Table 3.3 3. The three
beams were cast in two stages to accommodate the presence of a cold joint at the level of the
flexural reinforcement. The concrete below the cold joint was placed on June 13, 2012, and the
concrete above the cold joint was placed on June 14, 2012. The forms were removed on June 17,
2012 when the average concrete compressive strength for both placements exceeded 3500 psi.
The beams were tested on June 20, 2012. On that date, the concrete from the first placement had
an average compressive strength of 5230 psi, and the concrete from the second placement had an
average compressive strength of 5490 psi (Table 3.3 ). The higher strength for the second
placement was likely due to the slightly lower water-cement ratio of the concrete, as shown on
the batch ticket (Appendix H). The average split cylinder strength and average modulus rupture
were, respectively, 370 and 600 psi for the concrete below the cold joint and 470 and 700 psi for
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the concrete above the cold joint. The flexural beam specimens with cold joints were also tested
and had an average modulus of rupture of 274 psi, significantly below that of specimens cast
monolithically. The proportions of the concrete mixture and the properties of the concrete for
each placement are reported in Table E.2 of Appendix E.

Table 3.3 — Concrete strengths for Beams 4, 5, and 6

Concrete below cold joint | Concrete above cold joint
Average Compressive Strength when 4310° 4520°
Forms were removed
Average Compressive Strength at test 5230° 5490¢
date, psi
Split Cylinder Strength (ASTM 370° 470
C496), psi
Modulus of Rupture (ASTM C78), psi 600° 700°
Modulus of Rupture for specimens 2744 -
with cold joint, psi

*Tested at 4 days; "tested at 3 days; tested at 7 days; “tested at 6 days

The same reinforcing steel was used for Beams 4, 5, and 6 as for Beams 1, 2, and 3. The
measured stress-strain curve for the No. 11 bar is shown in Figure 3.1.

3.3.2 Beam 4 (cold joint, monotonically-loaded)

3.3.2.1 Beam 4 load-deflection curve

Beam 4 was cast with a cold joint in the plane of reinforcing steel. It was subjected to
monotonically-increasing load in increments of approximately 5 kips (average end load, the
loading protocol is presented in Table 2.). The load-deflection curve for Beam 4 is shown in
Figure 3.194. The total load and deflection were determined in the same manner as for Beams 1,
2 and 3. The flexural stiffness of the beam decreased once the total load exceeded 20 Kips,
coinciding with the formation of flexural cracks. A sharp decrease in the slope of the load-
deflection curve was observed at a total load of about 94 kips and corresponding deflection of
approximately 2.8 in. The stress at the end of the spliced bars for a total load of 94 kips was 68
ksi. The decrease in the slope of the load-deflection curve at a total load of 94 kips indicates that

the reinforcing steel yielded. After yielding of the reinforcing steel, the total load continued to
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increase but at a lower rate, which is attributed to the strain hardening of the reinforcing steel.
The beam was loaded to a total load of 105 Kkips (and a displacement of 5.5 in.) and at that point
failed with the sudden splitting of the concrete along the cold joint. Wide horizontal cracks in the
plane of the cold joint were observed within the splice region. Wide flexural cracks were also
observed near the support (Figure 3.205). It is concluded that the reinforcing steel yielded at a
total load of approximately 94 kips and beam failed at a total load of 105 kips due to failure of
the splice, the latter corresponding to a bar stress of 72 ksi (Table 3.1).
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Figure 3.194 — Total load vs. total deflection for Beam 4 (with a cold joint)
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Flexural cracks near the support | Horizontal cracks at the
face of cold joint

o o

Figure 3.20 — Beam 4 (with a cold joint) at failure

3.3.2.2 Crack progression-Beam 4

Maximum measured crack width versus load for Beam 4 is shown in Figure 3.26; the
crack map for Beam 4 is presented in Figure 3.27. The first flexural cracks formed near end of
the west support at an average end load of 10 kips (total load of 20 kips). At an average end load
of 15 kips, flexural cracks were present at both ends of the splice region and both supports.
Horizontal cracks first formed at an average end load of 20 kips, at the both ends of the splice
region along the cold joint. Both longitudinal and flexural cracks continued to increase in width
and number as the load increased, with horizontal cracks propagating along the cold joint. At the
last load prior to failure at which cracks were marked (average end load of 35 kips), the widest
flexural crack had a width of 30 mils and the widest horizontal crack had a width of 16 mils. At
this point, the horizontal cracks extended along most of the length of the splice region (Figure

3.28), with some of the horizontal cracks that formed at earlier stages merging together.
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Figure 3.27 — Crack map for Beam 4. Numbers indicate maximum average end load when

cracks marked. See Figure C.4 in Appendix C for greater detail.
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Figure 3.28 — Beam 4, south side of west splice region with horizontal cracks, 35-kip end load.

At failure, the concrete above the cold joint separated from the remainder of the beam,
with the horizontal crack propagating along the cold joint between the pedestal supports except
for a small region near the centerline that was restrained by the No. 3-bar hoop (Figure 3.29).

Large flexural cracks were also present near both ends of the splice region (Figure 3.30).

Figure 3.29 — Beam 4, centerline showing separation of concrete, 52-kip end load.
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Figure 3.30 — Beam 4, end of splice region at 52-kip end load.

3.3.3 Beam 5 (cold joint, cycled)

3.3.3.1 Beam 5 load-deflection curve

Beams 5 and 6 were cast in the same manner and at the same time as Beam 4, with a cold
joint at the plane of reinforcing steel. Instead of monotonically loading the beams to failure,
Beam 5 was first loaded to a total load of 80 kips, and subsequently unloaded to zero, and then
re-loaded to failure (the load protocol is presented in Table 2.). When the beam was first loaded
to a total load of 80 kips, the average end load was increased in increments of approximately 5
kips. The specimen was inspected for cracks and marked at each load step. Horizontal cracks on
the plane of the cold joint within the splice region were observed when the beam was subjected
to a total load of 80 kips. The maximum horizontal crack width at this load was 35 mils (0.035
in.). It should be noted that the beam was unloaded in a rapid manner and that one of the load
cells had large fluctuations after that point (load cell C in Figure 3.221). Although there were
clear problems with the load readings from load cell C for the remainder of this test, the rams
were at all times subjected to uniform pressure, and load readings from the other 5 beam tests

show that the load was evenly applied to the four different load rods at all times. Furthermore,
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the load beam remained level and the displacement readings were similar at both ends of the
beam, strong indicators that although the load cell readings were not accurate, the load was
uniformly applied to the four load rods. Based on these observations, the total load was
calculated based on the readings from load cells A and B. When the beam was loaded for the
second time, it was loaded up to a total load of 80 Kips at an increment of 5 kips (average end
load). At the end of the each increment, dial-gage displacement measurements were recorded.
The beam was inspected for cracks at total loads of 40, 60, 70, and 80 kips. When the beam was
inspected for crack during the second loading, some of the horizontal cracks elongated or
widened and some new horizontal cracks were noticed. The maximum horizontal crack width
was still 35 mils (0.035 in.)

35 ——Load Cell A (west)
30 1 = | 0ad Cell B (west)
25 — Load Cell C (east)
20 h Load Cell D (east)

15 +——

o | L

Load cell readings, kips

-10 T T T T T
0 1 2 3 4 5 6
Total Deflection, in.

Figure 3.22 — Load cell readings for Beam 5

The load-deflection curve for Beam 5 is shown in Figure 3.32 . Due to the problem
documented for load cell C, the total load is calculated as twice the summation of load cells A
and B, located at the West loading point. Overall, Beam 5 performed very similar to Beam 4.
The slope of the load-deflection curve first decreased at a total load of 20 kips, which coincides
with the first observation of flexural cracks. Another decrease in the slope of the load-deflection
curve was observed at a total load 91 kips, with a corresponding total displacement of
approximately 2.7 in, which is attributed to the yielding of the flexural reinforcement. The
calculated bar stress corresponding to the total load of 91 Kips is 66 ksi based on moment-
curvature analysis. The positive slope of the load-deflection relationship after a total load of 91
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Kips is attributed to the strain hardening of the reinforcing steel. The beam was loaded to a total
load of 96 kips, with a corresponding total displacement of 3.6 in., at which point the beam failed
suddenly. Wide flexural cracks near the support and horizontal cracks in the plane of cold joint
were observed within the splice region (Figure 3.2033). It is concluded that the reinforcing steel
yielded at a total load of 91 kips and beam failed at a total load of 96 kips due to failure of the
splice, the latter corresponding to a bar stress of 67 ksi (Table 3.1).
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Figure 3.32 — Total load vs. total deflection for Beam 5 (with a cold joint)

Flexural cracks near the support
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Figure 3.33 — Beam 5 (with a cold joint) at failure

3.3.3.2 Crack progression-Beam 5

Maximum measured crack width versus load for Beam 5 is shown in Figure 3.34; the
crack map for Beam 5 is presented in Figure 3.35. The first flexural and horizontal cracks formed
at the supports at an average end load of 10 kips (total load of 20 kips). At an average end load of
15 Kips, flexural and horizontal cracks were present at both ends of the splice region and both
supports (Figure 3.36). At an average end load of 40 kips, a 45-mil width flexural crack and 35-
mil width horizontal crack were recorded. At this point, the beam was unloaded. The load was
reapplied, and at the last load prior to failure at which cracks were marked (average end load of
40 Kips), the maximum width of the cracks had not increased from first loading (Figure 3.34).

Although the crack width was approximately the same, several cracks had increased in length.
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Figure 3.34 — Maximum crack width vs. average end load for Beam 5.
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Figure 3.35 — Crack map for Beam 5. Numbers indicate maximum average end load when
cracks marked. See Figure C.5 in Appendix C for greater detail.

Figure 3.36 — Beam 5, northeast splice region with horizontal crack, 15 kip end load.

Failure occurred at an average end load of 48 kips (total load of 96 kips), slightly lower
than the failure load for Beam 4 (average end load of 52 Kips, total load of 105 kips), which was
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subjected to monotonically-increasing load up to failure. At failure of Beam 5, the concrete
above the cold joint separated from the remainder of the beam, with the horizontal crack
propagating along the cold joint throughout a region that was somewhat longer than the splice
region. A small region near the centerline was restrained by the No. 3-bar hoop (Figure 3.37) and
had a tighter horizontal crack and a failure surface that passed through the top of the beam in the
vicinity of the hoop, as shown in Figure 3.35. As with the other beams, large flexural cracks

were also present near both ends of the splice region (Figure 3.38).

Figure 3.37 — Beam 5, centerline showing separation of concrete, 48-kip end load.
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Figure 3.38 — Beam 5, splice region, 48-kip end load.

3.3.4 Beam 6 (cold joint, cycled)

3.3.4.1 Beam 6 load-deflection curve

The configuration and loading protocol of Beam 6 were similar to those of Beam 5. The
beams were cast using the same procedures and at the same time and were tested in the same
manner, except that unloading was much slower for Beam 6 and the beam was inspected for
cracks more often during the second loading. The testing protocol for Beam 6 is presented in
Table 2.5.

The individual load cell readings are plotted versus total deflection in Figure 3.39. As
shown in Figure 3.39, the readings for the four load cells were identical, which verifies the

assumption in Section 3.3.3 that the load was evenly distributed on the four load rods.
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Figure 3.39 — Individual load cell readings (Beam 6)

The total load versus total deflection for Beam 6 is plotted in Figure 3.0. Overall, Beam 6
performed very similar to Beam 5. Yielding of the flexural reinforcement was observed at a total
load of 92 kips and a total displacement of 2.7 in., compared with 91 kips and 2.7 in. for Beam 5.
The maximum horizontal crack width at the unloading point was 30 mils (0.03 in.), compared
with 35 mils (0.035 in.) for Beam 5. Beam 6 also failed due to splice failure (Figure 3.41) at a
total load of 100 Kips, corresponding to a bar stress of 69 ksi, and a total deflection of 4.7 in.

(versus 96 Kips and 3.6 in. for Beam 5).
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Figure 3.40 — Total load vs. total deflection for Beam 6 (with a cold joint)
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Figure 3.41 — Beam 6 (with a cold joint) at failure

3.3.4.2 Crack progression-Beam 6

Maximum measured crack width versus load for Beam 6 is shown in Figure 3.42; the
crack map for Beam 6 is presented in Figure 3.43. The first flexural cracks formed at the east
splice region and support at an average end load of 10 kips. At an average end load of 25 Kips,
flexural and horizontal cracks were present at both ends of the splice region and both supports
(Figure 3.44). At an average end load of 40 kips, a 35-mil (0.035 in.) wide flexural crack and 30-
mil (0.03 in.) wide horizontal crack were recorded. At this point, the beam was unloaded. The
load was reapplied, and at the last load prior to failure at which cracks were marked (average end
load of 40 kips), the crack width had not increased with respect to first loading (Figure 3.42).
Although the maximum crack widths remained the same, several cracks had increased in length.
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Figure 3.44 — Beam 6, splice region with horizontal crack, 25-kip end load.

Failure occurred at an average end load of 50 kips, slightly lower than for Beam 4
(average end load of 52 kips, total load of 105 kips), and higher than Beam 5 (average end load
of 48 Kips, total load of 96 kips). As observed in Beams 2 through 5, at failure occurred at the
cold joint with the upper concrete separating from the remainder of the beam, with the horizontal
crack propagating along the cold joint between the pedestal supports. As for Beam 5, a small
region near the centerline was restrained by the No. 3-bar hoop (Figure 3.45) and had a tighter
horizontal crack and a failure surface that passed through the top of the beam in the vicinity of
the hoop, as shown in Figure 3.49. As in the case of the other beams, large flexural cracks were

also present near both ends of the splice region (Figure 3.46).
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Figure 3.45 — Beam 6, centerline showing separation of concrete, 50 kip end load.

Figure 3.46 — Beam 6, splice region, 50-kip end load.
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4  Summary and Conclusions

The effect of preexisting cracks, oriented in the plane of and parallel to the reinforcing
steel, on the strength of No. 11-bar lap splices was investigated by testing six beams — three with
a splice length of 79 in. and three with a splice length of 120 in. One of the beams with a 79-in.
splice was cast monolithically and loaded monotonically to failure. To simulate the cracks, the
other five specimens were cast with a cold joint at the mid-height of the reinforcing steel. Two
beams (one with a 79-in. splice and one with a 120-in. splice) were loaded monotonically to
failure. The other three beams were pre-loaded to develop horizontal cracks in the face of the
cold joint, unloaded and then loaded to failure; those beams developed horizontal cracks with
widths of 20, 30 and 35 mils (0.02, 0.03, 0.035 in.) just prior to unloading. The test results are

summarized below:

1. For the beam with a splice length of 79 in. and cast with monolithic concrete, the
reinforcing steel yielded and the beam failed in flexure.

2. For the beam with a splice length of 79 in., cast with a cold joint, and subjected to
monotonically-increasing load to failure, splice failure took place at a bar stress of 62 ksi,
about 8% below the bar yield strength of 67 ksi.

3. For the beam with a splice length of 79 in., cast with a cold joint and subjected to cyclic
loading, horizontal cracks with a maximum width of 20 mils (0.02 in) developed prior to
failure. Splice failure took place prior at a bar stress of 57 ksi, about 15% below the.bar
yield strength.

4. For the beam with a splice length of 120 in., cast with a cold joint, and subjected to
monotonically-increasing load, the reinforcing steel yielded prior to a splice failure,
which occurred in the strain-hardening region of the stress-strain curve at a bar stress of
72 Ksi.

5. For the two beams with a splice length of 120 in., cast with a cold joint, and subjected to
cyclic loading, horizontal cracks with maximum widths of 30 and 35 mils (0.03 and
0.035 in.) developed prior to splice failure, which occurred at bar stresses of 67 and 69

ksi, respectively, values that equaled or exceeded the bar yield strength..

The following conclusions are based on the test results and analyses presented in this report.
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. The methods described in this report provide a viable means of simulating a crack in the
plane of flexural reinforcement.

. The cyclically load beams incorporating a cold joint to simulate crack in the plane of the
reinforcement exhibited slightly reduced lap splice capacity compared to the
monotonically loaded beams.

In the presence of a simulated crack in the plane of the reinforcing bars, the lap-spliced
No. 11 bars with a 79-in. splice length achieved bar stresses of 62 and 57 ksi.

In the presence of a simulated crack in the plane of the reinforcing bars, the lap-spliced
No. 11 bars with a 120-in. splice length achieved bar stresses greater than or equal to the
yield strength, 67 ksi.
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Appendix A: Pilot Tests — Preliminary Study of the Effect of Simulated Cracks on Lap
Splice Strength of Reinforcing Bars using Beams with Single Splices

1. Introduction

This appendix presents the findings of a pilot study consisting of two lap splice beam
tests that were performed to investigate how a test specimen with a preexisting crack parallel to
the plane of the reinforcement could be developed and tested. The test program described in the
body of this report was developed using lessons obtained in this pilot study.

The two beams were cast simultaneously and tested monotonically to failure seven days
after casting. Because this project involves a larger number of physical simulations, the testing of
these two beams is referenced throughout the report as Stage 1 of the project. Both beams had
main flexural reinforcement consisting of three No. 11 bars, two of them continuous and one of
them spliced at the center of the beam (Figure A.1). The splice lengths in the two beams were 33
in. and 79 in., respectively. All other dimensions and material properties were identical. The
beam with a splice length of 33 in. will be referenced throughout this appendix as Beam Al and
the beam with a splice length of 79 in. will be referenced as Beam AZ2.

The two beams were instrumented with strain gages placed on all bars at the edge of the
splice region (Figure A.2). Beam displacements and applied loads were monitored during the
tests using displacement transducers and load cells.

The following sections present brief descriptions of the beams, the test process, and
outline the major findings from the tests.

2. Beam Casting

Casting was performed in two separate stages. The first stage of the casting process
consisted of placing concrete over the full depth of the beam at the end sections and up to the
mid-height of the flexural reinforcement in the splice region (Figs. A.1 and A.3). The first
concrete was placed on May 3, 2012. The concrete surface at the location of the cold joint was
roughened and the beam was wet-cured for 24 hours (Figure A.4). Two layers of painters tape
were placed adjacent to the bars to simulate the effects of a preexisting crack parallel to the plane
of the flexural reinforcement (Figure A.5). Concrete was placed above the cold joint on May 4,

and the beams were subsequently moist cured for 7 days.
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Figure A.1 — Reinforcing steel drawing. (a) Beam Al — specimen with a 33-in. splice length. (b)
Beam A2 — specimen with a 79-in. splice length
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Figure A.2 — Strain gages placed on bars at the edge of the splice region of Beam A2.
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Figure A.3 — Beam A2 after first concrete placement was completed.




Figure A.4 — Beam A1 being moist cured after the first placement was completed.
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Figure A.5 — Painters tape placed to simulate a preexisting crack at the plane of the

reinforcement in Beam A2.
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3. Test apparatus and loading protocol

The two beams were tested using a four-point loading configuration. To facilitate
inspection of the splice region during the test, the loads were applied in the downward direction
(Figure A.6) so that the main flexural reinforcement would be located at the top of the beam. The
splice region was located between the two supports (Figure A.7), in the central constant moment
region of the beam.

In addition to strain gages, the beams were instrumented to measure displacement and
load. The four load rods used in the test were instrumented to record load, and displacements
were recorded using displacement transducers and dial gages for redundancy. Three
displacement transducers were used to monitor the displacement at the center of the beam and at
each of the two load points (Figure A.6). Dial gages were mounted at a distance of 3 in. from the
load points.

Loads were applied with four hydraulic rams connected to a manual pump through a
distribution system with two separate manifolds. The manifold system allowed adjustments in
the pressure of each ram separately and adjustment of the pressure in each pair of rams allowing
for loading in tandem. The force in each of the four load rods (Figure A.6) was monitored
throughout the test and the pressure in the rams was constantly adjusted to maintain the force in

each of the rods approximately equal.
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Figure A.7(a) — Splice region of Beam A2 prior to loading
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PS: Support

Figure A.7(b) — East support of Beam A2 prior to loading
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The loading protocol consisted of monotonically-increasing load applied at both the ends
of the beams. Loading was paused at increments in the total force of 10 kips (5-kip increments
applied at each end of the beam) to monitor crack widths, mark crack locations, and record dial
gage readings (Figure A.8). After all these quantities were recorded, loading resumed until the
next increment was completed. Given the potential for brittle failure and the large amount of
energy stored in the beam, crack location, crack width, and dial gage readings were not recorded
after the total load exceeded 140 kips (forces at beam ends exceeded 70 kips). After this point,
the load was increased steadily until the end of the test. Measurements from load and

displacement sensors were recorded without interruption during the test.

Figure A.8 — Marking cracks during test

4. Material Properties

The beams were tested on May 10, 2012, seven days after initial casting. On the day of
the test the compressive strength of the concrete was 5090 psi in the body of the beam and 5150
psi above the cold joint.

A segment of the No. 11 bars used in the beams was tested in tension. The stress-strain
curve for the No. 11 bar is shown in Figure A.9. To avoid damage, the extensometer was
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removed at approximately 3% elongation; force was recorded until failure. As shown in the
figure, the No. 11 bar did not have a well-defined yield point. The yield stress calculated using
the 0.2% offset method was 71 ksi, the proportional limit was approximately 67 ksi, and the
measured elastic modulus was 27,666 ksi. The tensile strength of the steel was 108 ksi.

100
90

0/12% offset
80

70 M
60
50
40
30
20

10
0

Stress (ksi)

Yield(0.2% offset): 70.6 ksi
Ultimate: 108.2 ksi
Elastic Modulus: 27666 ksi

0 0.005 0.01 0.015 0.02 0.025 0.03
Strain

Figure A.9 — Measured stress-strain curve for the No. 11 bar used in the beams

5. Test Results

The load-deflection curves for Beams 1 (33-in. splice) and 2 (79-in. splice) are shown in
Figures A.10 and A.11, respectively. The displacement shown in both figures was calculated by
adding the average displacement at the two load points and the displacement at the center of the
beam. The load shown in Figures A.10 and A.11 corresponds to the total load applied to the
beam. Based on the shape of the load-deflection curves shown in Figures A.10 and A.11, it is
concluded that a splice failure took place in Beam Al and a flexural failure occurred in Beam
A2.

For Beam Al (33-in. splice length), the peak total load recorded was 140 Kips, at a
corresponding total displacement of 1.14 in. (Figure A.10). At a total load of 140 kips, the stress
in the bars calculated using elastic cracked section theory was approximately 54 ksi. After the

displacement exceeded 1.14 in., the total load dropped in a sudden manner to approximately 133
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kips. If it is assumed that the tension force is carried in its entirety by the two continuous bars, a
total force of 133 kips corresponds to a calculated bar stress equal to the yield stress of 71 ksi
(based on linear elastic cracked section theory). These calculations indicate that splice failure
occurred at a displacement of 1.14 in. and that the splice lost all its load carrying capacity in a
sudden manner. The total load tended to increase again at displacements greater than 1.6 in.,
which is attributed to the effects of strain hardening in the two continuous bars.

The load-deflection curve for Beam A2, with a splice length of 79-in., is presented in
Figure A.11. Loading was stopped when crushing of the concrete in the compression zone was
observed in the constant moment region, in the areas adjacent to the two beam supports, at a total
displacement of approximately 2.5 in. Unlike the curve for Beam A1, there was no sudden drop
in load associated with failure of the splice. In the case of Beam A2, a sharp decrease in the slope
of the load-deflection curve was observed at a total load of approximately 172 kips and total
displacement of approximately 1.4 in. The stress in the three bars calculated based on moment-
curvature analysis at this load is approximately 67 ksi (Table A.1), which corresponds to the
observed proportional limit of the measured stress-strain relationship of the steel (Figure A.9).
The calculated steel stress indicates that the sharp decrease in the slope of the load-deflection
curve at 172 Kips was caused by vyielding of the reinforcing steel, not by failure of the splice.
After yielding began, the total load continued to increase with increasing displacement, as the
reinforcing steel strain hardened. The maximum load prior to flexural failure was approximately
186 kips, which corresponds to a bar stress of 72 ksi in all three bars (Table A.1). At a total load
of 186 Kips, horizontal splitting cracks on the beam top surface were observed (described in more
detail below).

After the tests we completed, the beams were autopsied to determine the actual cover on
the bars. For Beam Al, the top cover was 4 in., and side covers to the continuous bars were 3.5
(North) and 3.75 in. (South). For Beam A2, the top cover was 4 in., and side covers to the
continuous bars were 3.5 in. (North and South). (These values are reflected in the bar stresses in

the previous paragraph and summarized in Table A.1)
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Figure A.10 — Total load vs. total deflection for Beam Al (33-in. splice length)
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Figure A.11 — Total load vs. added deflection for Beam A2 (79-in. splice length)
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Loads, moments, and bar stresses for the beams were calculated assuming that loads and
reactions acted along the longitudinal centerline of the beam. Reactions and moments were
calculated based on load cell readings and the weight of the loading assemblies. The self-weight
of the beam was included in the calculations based on average beam dimensions and an assumed
concrete density of 150 pcf.

The calculated moment, bar stress at splice failure, and calculated bar stress using the
splice strength equation developed by ACI Committee 408 (2003) are shown in Table A.1. It is
important to note that the splice strength expression developed by Committee 408 was calibrated
on the basis of beams without preexisting cracks in the plane of the flexural reinforcement, and
for this reason are presented only as a reference. For Beam Al (with a 33-in. long splice), the bar
stress at splice failure calculated based on a moment-curvature analysis was approximately 54
ksi. The calculated splice strength using the expression developed by ACI Committee 408 (ACI
408R) was 70 ksi. For Beam A2 (with a 79-in. long splice), the calculated bar stress at flexural
failure was approximately 72 ksi, while the calculated splice strength using the ACI 408

expression was 140 ksi.

Table A.1 — Bar stresses at splice failure

Splice Failure mode | Total load at Calculated Inferred bar stress at Predicted bar stress
length splice failure, | moment at splice failure based on (uncracked concrete-
kips failure, kip-ft moment-curvature ACI 408R)
relationship, ksi
33-in. splice failure 140 355 54 70
79in. flexural 186 472 72 140
failure

The strain in the No. 11 bars was measured using strain gages located 2 in. outside the
splice region (Figure A.2). The relationships between measured strain and total load are shown in
Figures A.12 and A.13 for beams 1 and 2, respectively.

As shown in Figure A.12, the strain in the spliced bars (East-center and West-center
gages) of Beam Al increased to a maximum of 1750 and 1700 microstrain, respectively, and
then dropped in a sudden manner. The maximum strain in the spliced bar was recorded at a total
load of approximately 130 Kips and corresponds to a bar stress of approximately 50 ksi, which is
very close to the failure value of 54 ksi inferred on the basis of moment-curvature analysis

(Table A.1). Strain readings from the east-center gage on the spliced bar show that the strain
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dropped from approximately 1700 to approximately 1300 microstrain at a total load of 130 Kips,
corresponding to a sudden reduction in capacity of approximately 25%. When the total load
reached 140 Kips, the strain in the east-center gage dropped suddenly to almost zero. Strain
readings from the east continuous bar (East-Side 1) show a sudden increase from 2100
microstrain to more than 2500 microstrain at the failure total load of 140 kips. The strain gage
readings indicate that failure of the splice led to a rapid decrease in the stress in the spliced bars,
and that the tension force that was lost due to failure of the splice was transferred to the
continuous bars, causing yielding of the continuous bars at a total force of 140 Kips.

For Beam A2 (79-in. long splice), the recorded strains show a plateau (Figure A.13) due

to exceeding the limiting strain allowed by the gain in the data acquisition system.

2500
—— East-center
2000 1 ——East-Side 1
East-side 2
£ 1500 1 = \\/est-center
[
& e \Nest-Side 1 T
o
[&]
s 1000
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0 n ¥ T T
0 50 100 150

Total load, Kips

Figure A.12 — Measured strain in the reinforcing bars vs. total load for Beam Al (33-in. splice
length). (Note: The beam was oriented in an east-west direction; “center” identifies strain gages
on the spliced bars and ““side”” means strain gauges on the continuous bars)
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Figure A.13 — Measured strain in the reinforcing bars vs. total load for Beam A2 (79-in. splice
length). (Note: The beam was oriented in an east-west direction; “center” identifies strain gages
on the spliced bars and “side” means strain gauges on the continuous bars)

6. Beam crack patterns

Figures A.14 through A.18 are photographs taken after the conclusion of the two tests.
For Beam A1 (33-in. splice length), splitting cracks were observed on the top surface between
the vertical edges of the cold joint (Figures A.14 and A.15). The cracks were approximately ¥4
in. wide, as shown in Figure A.16. Splitting cracks above the splice were also noted in Beam A2
(79-in. splice length) (Figures A.17 and A.18), although they were much narrower than those
observed in the Beam Al.

The crack patterns for both beams show that the side stirrups were effective in keeping
the cover in place, even after failure of the splice for Beam Al. In the case of Beam Al, the
cracks were wider, which is consistent with the sudden drop in bar force that occurred at splice
failure. For Beam A2, the cracks were much narrower, and it is apparent that the splice was able
to sustain the same bar force as the continuous bars at displacements large enough to cause

flexural failure of the beam.
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Figure A.14 — Splitting crack at the top of the splice region for Beam Al (33-in. splice length).
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Horizontal cold joint in the
plane of the reinforcement

Figure A.15 — Crack pattern in the splice region for Beam Al (33-in. splice length).
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Figure A.16 — Splitting crack at the top of the splice region of Beam Al (33 in. splice length).
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Figure A.17 — Splitting crack at the top of the splice region of Beam A2 (79 in. splice length).
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Figure A.18 — Crack pattern in the splice region of Beam A2 (79-in. splice length)
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Appendix B: Reinforcing Steel Drawings
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Figure B. 1 — Reinforcing steel drawing for beams with 79 in. splice length - monolithic
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Appendix C: Detailed crack maps of Beams 1 — 6
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Appendix D: Reinforcing steel mill certification and deformation measurements
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NUuUCoR )
NUCOR STEEL KANKAKEE, INC.

Sold To: STEEL CORP
@p %ﬁm
L._, (765) 4554225

11312012

Mill Certification

wcoasrenme.wu.c
m.'n 13-02’
ﬂl 3101

Fax: (81

Ship To W s%wam
K ) }% W
ax: (765) 453-7452

Customer P.O. | 0000107878

Sales Ocder | 26086512

Product Group | Reber

Part Number | 200000367204200

Grade | ASTM ADISASISM-O0b GR 60[420) AASHTO M31.07

Lot# | KN1110008801

Size | J0M11 Rebar

Hopt # | KN11106088

Product | 3611 Rebar 60" AS15M Gr 420 (Gr60) B.L. Number | K1-436165
Doscriplion | AB15M GR 420 (Gre0) Losd Number | K1.5107878
Customer Spoec Cx Partw | 5109

| hawraty conily et e el Ll W Py 4900 -~ 203 N €A IVEAS e e e et
Melt Date: 122212011

c Ma P s S Cv L G Mo v (¢ CEA706

0.36% 1.08% 0.015% 0.047% 0.24% 0.37% 0.30% 0.15% 0.082% 0.016% 0.002% 0.56%

CEAT08: A706 CARBON EQUIVALENT
Roll Date: 12/20/2011

Yiold 1: 66.488psl (456MPa) Tonasilo 1: D4240psl (650MPa)

Weight Variation -002.0% %

Elongation: 14% In 8°(% in 203.3mm)
Avg Delormation Height 0.079n

Bend OK
e RS T TESS ATTA AL "5 RRORVEI N R N Sl SE ™

=g >

Curtis Glenn
NOMGA0 Jeseary 1, 3017

Oivision Metaturyst

Figure D1 — Mill certification of No. 11 bar
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Mill Certification Details

Customer: Ambassador Steel Corporation Date: 11/18/2011
Bill of Lading #: 435560-NUK Tag #: KN1111128344
Chief Metallurgist: Curtis Glenn Mill: Nucor Kankakee
Heat #: KN1110556%01 Size: 5
Product: 16MM(#5) REBAR X 60-0 GR420(60) Division: Kansas City, MO
Grade: 60
Comments:

Chemical Properties - Wt.%

m--n---n-m-nn-n-
1.000

250 200 130 063 050 014 009 002 000 000 000 000 000 000 560
Carbon Equivalent= 0.56
Physical Properties
Inpesial = ps
Tensile: 101,855
Yield: 67,514
Elongation (in 8 inches): 14.62
Elongation (in 2 inches):

Bend Test: OK

The testing was conducted in accordance with the requirements of this specification. All melting and manufacturing processes
were performed in the United States of America.

——
~.

B o

Curtis Glenn
Chief Metallurgist

Figure D2 — Mill certification of No. 5 bar
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Mill Certification Details

Customer: Ambassacor Steel Corporation Date: 2/16/2011
Bill of Lading #: 421874-NUK Tag #: KN1111018783
Chief Metallurgist: Curtis Glenn Mill: Nucor Kankakee
Heat #: KN111007380! Size: 10/23 Rebar
Produc Rebar ASTM A615/A615M-0%0 GR 60[420] AASHTO M31-07 Division: Kansas City, MO
10/#3 Rebar
Grade: A51560
Comments:
Chemical Properties - Wt.%
-------ﬂ---“--ﬂ-
1040360320210180110067 017 002 002 000 000 000 000 000 000 000 .S60
Carbon Equivalent= 0.56
Physical Properties
Imperial = psi
Tensile: 104,94
Yield: 68,917
Elongation (in 8 inches): 16.00
Elongation (in 2 inches):
Bend Test: OK

The testing was conducted in accordance with the requirements of this specification. Al melting and manufacturing processes
were performed in the United States of America.

——
Curtis Glenn
(hief Metallurgist
Figure D3 — Mill certification of No. 3 bar
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Appendix E: Concrete Mixture Proportions
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Table E.1 — Aggregate gradations

Sieve Size Percent Retained on Each Sieve
Sample Granite 1 %2 in. Granite % in. Pea Gravel Sand
Specific Gravity 2.71 2.71 2.60 2.62
Absorption, % 0.65 0.98 0.93 0.86
37.5-mm (1%-in.) 0% 0% 0% 0%
25-mm (1-in.) 19.0% 0% 0% 0%
19-mm (¥4-in.) 28.7% 4.5% 0% 0%
12.5-mm (%2-in.) 34.5% 38.7% 0% 0%
9.5-mm (%-in.) 14.2% 30.6% 0% 0%
4.75-mm (No. 4) 3.1% 24.5% 11.0% 1.7%
2.36-mm (No. 8) 0% 0.9% 44.8% 7.8%
1.18-mm (No. 16) 0% 0% 31.2% 16.9%
0.60-mm (No. 30) 0% 0% 6.0% 27.7%
0.30-mm (No. 50) 0% 0% 2.6% 36.4%
0.15-mm (No. 100) 0% 0% 1.1% 8.5%
0.075-mm (No. 200) 0% 0% 03% 0.9%
Pan 0.5% 0.7% 2.9% 0.1%
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Table E.2 — Mixture proportions and concrete properties

;;t'g‘r'] Beam #1, 2, 3 Beam #1, 2, 3
Below cold joint Above cold joint Below cold joint Above cold joint
Design = Actual Design | Actual Design Actual Design Actual
wic 0.42 0.42 0.43 0.42 0.43 0.42 0.42 0.42 0.41
con&%&“ﬁg}y 5 | 588 588 592 588 580 588 587 588 590
Wa“l’g /‘;%Te“t' 246 246 255 246 251 246 245 246 244
N
Gra”;g? yld3/2 N | 687 687 687 687 675 687 688 687 690
T
Grarl‘t')t/‘; d/;‘ M1 1050 1050 1050 1050 1060 1050 1055 1050 1055
Pe"’l‘b?;gé’e" 836 836 838 836 837 836 844 836 840
sand, Iblyd® | 720 720 718 720 724 720 739 720 730
Water Reducer,
(ADVA 24 40 55 50 50 60 60
140M), oz/yd®
Batch Size, yd® | 0.04 9 1 10 2
Slump, in. 3.5 2.25 2.25 3 2.75
U”'t”\)’/vffg'ght' 152 153 152 154 150
TempfFrat“re’ 81 82 76.4 82 86
Compressive
Strength, psi
3 -Day + +
strengths N N 3640 N 4520
sﬁégg%s 3915 4010 - 4310" -
sﬁéﬁgﬁs 4310 4670 4330 4680 5490
St7r e?%s 4490 5330 - 5230 -
Modulus of
Rupture
ASTM C78 - 435™ - 370" 470"
ASTM C496 - " o
(monolithic)y | 570 - 600 700
ASTM C96 - .
(cold joint) - 140 - 214 -

" An extra 15 oz/yd® of water reducer was added on the job site.
* Tests were performed on the day when the forms were removed.
™ Tests were performed on the day of beam-splice specimen testing.
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Appendix F: Data recording forms
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Table F.1 — Dimensions of formwork

Specimen ID: Date:
Measured by: Checked by:
Width Height Length
Design 18 in. 24 in.
Tolerance £%in. £%in. +1in.

Measurement 1

Measurement 2

Measurement 3

Measurement 4

Measurement 5

Measurement 6

Measurement 7

Measurement 8

Measurement 9
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Table F.2 — Dimensions of reinforcing steel within in the test region

Specimen ID: Date:

Measured by: Checked by:

Measurement 1

Splice 1 Measurement 2

Measurement 3

Measurement 1

Splice 2 Measurement 2

Measurement 3

Measured bar diameter:

Splice 1:

Splice 2:
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Table F.3 — Plastic concrete testing and concrete compressive strength

Specimen ID: Date:

Measured by: Checked by:

Plastic concrete testing

Concrete compressive strength
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Table F.4 — Test setup — span spacing

Specimen ID: Date:

Measured by: Checked by:

Pin centerline to roller

centerline

East end to east support

East end to east splice end

East end to beam

centerline

East end to west splice end

East end to west support

East end to west end

120



Table F.5 — Dial gage readings

Specimen ID: Date:

Measured by:

Reading 1

Reading 2

Reading 3
Reading 4

Reading 5

Reading 6

Reading 7

Reading 8

Reading 9

Reading 10
Reading 11
Reading 12
Reading 13

Reading 14
Reading 15
Reading 16
Reading 17

Reading 18
Reading 19
Reading 20
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Appendix G: Load cell and displacement transducer calibration

The load cells and displacement transducers were calibrated before and after testing each

three beams. A least-squares linear regression analysis was performed on force and displacement

versus sensor output to determine the calibration constant. The calibration constant is presented

in Tables G.1 and G.2 and the force and displacement versus sensor output are plotted in Figures

G.2t0 G.21.
Table G.1 - Load cells and displacement transducers calibration before and after testing Beams
1,2,and 3
Load Cell Load Cell Load Cell String Pot String
Load Cell A B c D LVDT 1 Pot 2 note
before
Calibration 17930 17729 17705 17651 -0.2011 1986 | -1966 | ©stng
#1, slope Beams
#1,2.and 3
After
Calibration testing
2. slope 17796 17758 17731 17801 -0.2011 -1.985 -1.973 Beams
#1,2,and 3
Deviation, % 0.74 0.16 0.15 0.84 0 0.02 0.35

Table G.2 — Load cells and displacement transducers calibration before and after testing Beams

4,5,and 6
Load Cell Load Cell Load Cell String Pot String
Load Cell A B c D LVDT 1 Pot 2 note
before
Calibration 17930 17729 17705 17651 -0.2011 1986 | -1.966 | U9
#1, slope Beams
#4,5,and 6
After
Calibration testing
17938 17745 17809 17703 -0.2017 -1.988 -1.970
#3, slope Beams
#4,5,and 6
Deviation, % 0.04 0.09 0.59 0.29 0.30 0.1 0.2
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» 100 y =17.929.559x - 30.190
= R2=0.999
=< 80
o
= 60
o
c 40
=
S 20
D
0 . | | |
_o§-000 0.002 0.004 0.006 0.008
Load cell output, volts
Figure G.1 — Load cell 2-0 calibration #1
120
100 y = 17,795.668x - 31.345

8 R2 = 1.000

}%-. 80 /

= /

= 60 /

o

[

£ 40 /

o

g s

0

0 0.002 0.004 0.006 0.008
Load cell output, volts

Figure G.2 — Load cell 2-0 calibration #2
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120

100 y =17,937.969x - 32.769

38 R2 = 1.000

~ 80

Z /

S 40

= /

©

< 20

M /

O T T T 1
0.000 0.002 0.004 0.006 0.008
Load cell output, volts
Figure G.3 — Load cell 2-0 calibration #3

120
“ 100 y=17729x - 13.918
o -
S R2=0.9999 /
>
o
§ 40
<
m

O /I T T |
-ZCP'COO 0.002 0.004 0.006 0.008

LLoad cell output, volts

Figure G.4 — Load cell 2-1 calibration #1
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120

y =17,758.036x - 31.549

100

o
o

R2=1.000 /

(o3}
o

e

e

N B
o O

e

Baldwin output, Kips

o

e

120
100

N b OO O
o O o o

Baldwin output, Kips

o

0.000

0.002 0.004 0.006
Load cell output, volts

Figure G.5 — Load cell 2-1 calibration #2

0.008

y =17,744.634x - 30.709

R2=1.000

e

e

e

0.002 0.004 0.006

Load cell output, volts

Figure G.6 — Load cell 2-1 calibration #3
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o
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40
20
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Baldwin output,kips

120
100

Baldwin output, kips

y =17705X - 22.466 .

R2=0.9993 /

0.000 0.002 0.004 0.006 0.008

Load cell output, volts

Figure G.7 — Load cell 2-2 calibration #1

y =17,731.247x - 23.146

R2=1.000 /

/

/

/

/

) 0.002 0.004 0.006 0.008

Load cell output, volts

Figure G.8 — Load cell 2-2 calibration #2
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120

y = 17,808.946x - 22.804
L, 100 R? = 1.000 S
Q.
< 80 /
2 60
3 pd
c 40
= /
S 20
(4]
m /
O T T T 1
0 0.002 0.004 0.006 0.008
Load cell output, volts
Figure G.9 — Load cell 2-2 calibration #3
120
@ 1 AN y=17651x + 24.09
' - R2= 0.999V
>
o 60
§=
; A0 /
© a4V
= /
m loYa W
/
f O T T |
-0.002 0 0.002 0.004 0.006

Load cell outout. volts
Figure G.10 — Load cell 2-3 calibration #1
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o AN
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Figure G.11 — Load cell 2-3 calibration #2
120
100
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~ 80 /
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= 60
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3 29 )
o /
I O T T 1
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Figure G.12 — Load cell 2-3 calibration #3

128



===
P N RO 0N

y=-0.2011x + 1.9910
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o ©
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o
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(@)
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LVDT output, V

Figure G.13 - LVDT calibration #1

=
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o
ol

2 4 6 8 10 12
LVDT output, V

Figure G.14 — LVDT calibration #2
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Baldwin output, in.

Baldwin output, in.

1.5

0.5

4.5

3.5

2.5

1.5

0.5

2 4 6
LVDT output, V

Figure G.15 - LVDT calibration #3

\

\

\

\

y=-1.9858x + 11.8817 \

R =0.9997/ \

\

2 4 6
Sting pot 1 output, V

Figure G.16 — String pot 1 calibration #1
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N

Baldwin output, in.

o = f ¢
o Ul 1N U w L

\
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0 2 4 6
String pot output, V
Figure G.17 — String pot 1 calibration #2
\\
y=-1.988x+11.733 \
R2=1.000 \\
0 2 4 6

String pot output, V

Figure G.18 — String pot 1 calibration #3
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2.5

1.5

Baldwin output, in.

0.5

Baldwin output, in.
o = no w >
o Ok O N O W o1 b~ O

y=-1.9663x + 11.6731 \
R2=0.9950 \
0 2 4 6

String pot 2 output, V

Figure G.19 — String pot 2 calibration #1

y=-1.9732x + 11.5116

R2=0.9992 \

0 2 4 6

String pot 2 output, V

Figure G.20 — String pot 2 calibration #2
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Figure G.21 — String pot 2 calibration #3
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Appendix H: Training forms, Trip tickets, concrete properties, specimen dimensions,
and crack recording during beam tests
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University of Kansas

CEAE Department
2150 Learned Hall
1530 W. 15th St.
Lawrence, Kansas 66045-7609
Phone: 785.864.3885 Fax: 785.864.5631
CONCRETE MIX DESIGN
Contractor: KU
Project: Bond Test- Beam #1, 2, and 3
Source of Concrete: Ready Mix Concrete
Date: 5/24/2012
Placement Type: Conventional
Material / Source or Designation / Blend' Quantity (SSD) S.G. Yield, ft®
Type /Il Cement / Cement Producer / 100% 588 Ib 3.20 2.94
Water 246 b 1.00 3.94
MCM -1.5 in. / Granite 1.5" / 20.86% 687 Ib 271 4.06
MCM -0.75 in. / Granite 0.75" / 31.89% 1050 Ib 271 6.21
Pea Gravel / Pea Gravel / 25.39% 8361b 2.60 5.15
VPsand / VP Sand / 21.86% 720 1b 2.62 4.40
Total Air, percent 0 0.27
Air Entraining Agent / Air R Us 0 fl oz (US) 1.01 0.00
Superplasticizer / Admixtures R Us 40 fl oz (US) 1.20 0.02
1 The blend parcentage {by weight) is kisted separately for cemontitious materials and aggregates 27.00
Total Water Content (including water in admixtures), Ib 247
Water / Cementitious Material Ratio: 0.42
Concrete Unit Weight, pcf 1529
Target Slump, in, Sin.
Paste Content, percent 25.55%
Workability Factor (WF) Target: 35.0 Actual: 321
Coarseness Factor (CF) Target: 579 Actual: 63.0
Prepared On: 5/16/12 2:20 PM
Prepared By:
S g \\\ A 7h Q.A/l,vi"h/f"z_,
Jigiu Yuan
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University of Kansas

CEAE Department
2150 Learned Hall
1530 W. 15th St.
Lawrence, Kansas 66045-7609
Phone: 785.864.3885 Fax: 785.864.5631
CONCRETE MIX DESIGN
Contractor: KU
Project: Bond Test- Beam #1, 2, and 3
Source of Concrete: Ready Mix Concrete
Date: 5/24/2012
Placement Type: Conventional
Material / Source or Designation / Blend' Quantity (SSD) 5.G. Yield, ft*
Type I/l Cement / Cement Producer / 100% 588 1b 3.20 294
Water 246 1b 1.00 394
MCM -1.5 in. / Granite 1.5" / 20.86% 687 Ib 271 4.06
MCM -0.75 in. / Granite 0.75" / 31.89% 1050 Ib 27 6.21
Pea Gravel / Pea Gravel / 25.39% 8361b 2.60 5.15
VPsand / VP Sand / 21.86% 7201b 262 4.40
Total Air, percent 0 0.27
Air Entraining Agent / Air R Us (- 0 fl oz (US) 1.01 0.00
Superplasticizer / Admixtures R Us L59) Bynoz(us) 1.20 0.02
1 The blend percentage indicated (by weight) is isted separately for cementtious materials and aggregates 27.00
Total Water Content (including water in admixtures), Ib 247
Water / Cementitious Material Ratio: 042
Concrete Unit Weight, pcf 152.9
Target Slump, in, Sin.
Paste Content, percent 25.55%
Workability Factor (WF) Target: 350 Actual: 321
Coarseness Factor (CF) Target: 57.9 Actual: 63.0
Prepared On: $/16/12 2:20 PM
Prepared By:
»
=y ot n S/2K /’L
Jigiu Yuan
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Form 3: Plastic concrete testing and concrete compmsive strength

Specimen ID: %am ﬁl ' 213

Date: 5 /)24 /zovz

Measured by:

Plastic concrete testin
l 2. %‘ [ | IS\ u/{x_\ ' 272 °F '

Note Seacte

Checked by: &.&5&

i 4l | r

Tare w‘,;awk': -84 w

Torwh welahk: Kb, ot
Volomae

. Concrete compressive strength

O ‘\1&1

L’L (,.df' ¢ m ~>£!L.,’-',L U F{ﬂ,dvl
\AHM shd |sh3 S | wom| 2 o1 115,000 | 4020 1
SASH(| A | 3 | f o] 2848 |, | 399 s Plod
Yasg [SAS [5A3 ] 3 | 6.0 28002, m0] 2590
S48y | S| S| b 8995 | 285 130,000 Lho0 | cepp-Dllask;
Vato | S/ Y| (8902 (2844 |13uco0] 4730 1
Shatt| | = /o4 ."'/Y.’ 0 |beis [ 2B ML 4esco|5150 \SQE‘
TR ) |60 |23.36 [159500 |5620 | 5330
ey | Sy | ) |5.955 (1323 |m7oco [5210 /]
Noatil | h5 [ S5 | 6 |5995 | 2823 [(33000 | 4710
44 ‘?4“"5 Ay 6 5997 2%12S 120 H460 4330 3';}61
Sl »IJJ Sl 6 5864 TR (ogwo 3RO

1
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Form 3: Plastic concrete testing and concrete compressive strength

specimen ID: | Kaon#, 2,3 +W lﬂ\i,&v Date: b% 7‘3/[1/
Measwred by: | Mare Seapie, Checked by: &j\g

Plastic concrete ttin

|SZ
cantainer 1o
e I ta1z®
Vel. Gutiar = 02441 2

Concrete compressive strength
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University of Kansas Flexure Beam Tests

DATE: 5/31/2012

BEAM TESTS: Beams 1,2, 3

Flexure Beam Date Height** Width** Date Load | Age™" | Modulus of Rupture
ID* Made in in. Tested Ib Days ps:
Mono-1 572472012 604 627 53172012 | 7750 7 610
Mono-2 5/242012 6.06 6.16 §/31/2012 | 6600 7 525

Avg. Monolthic] 870 |
CJ1 572472012 608 6.12 513172012 | 1200 7 95
CJ-2 52472012 6.08 6.08 §/3172012 | 2250 7 180
Avg Coid Joint] 140

*Mono = monoiithic concrete. CJ = cold joint at midspan
**Measured at fracture plane
“**The cold joint specimens contain concrete that is 7 and 6 days of age

Matt O'Reilly
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University of Kansas Split Cylinder Tests

DATE: 5312012

BEAM TESTS: Beams 1,2. 3

Date Length Diameter Date Load | Age |Modulus of Rupture
Cylinder Made in In Tested kips | Days psi.
1 512412012 1219 6.04 §/312012 | 505 7 435
2 52472012 1215 597 5/31/2012 | 49.0 7 430
Avg. 435

Notes: Concrete from 5/24 cast

Matt O'Reil
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Form 1: Dimensions of formwork

o H |
- = LA T L T R —
| ) I
Specimen ID: | /V\‘,M,Q = ?9" : _{Date: | ?S/’ ' |y
Measured by: Marc  ORe, ;‘L:L Checked b)_:”l__Sﬁvi X [/?(76.(6-/{,.77 |
Width Height Length
Design 18 in. 24in, 2L5A (300, A
Tolerance £ % in, % Y2 in. %1 in.
Measurement | ‘ 9 % N ! ‘tv[ R4 Od 3/3 .

Measurement 2

1 | 300 3e°

Measurement 3

[V Y 3 0%

Measurement 4

Measurement 5
Measurement 6

Measurement 7

Measurement 8

Measurement 9

\
O\
A\
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Form 2: Dimensions of reinforcing steel within in the test region

oo #]

SpecimenD: | Mowg= 721 Date:

O% /M /iVv

Messuredby: | Matt 9P

&, Checked by:

e £¢ Pectovelt

Splice 2 | Measurement 2 7'%¢ 1294 S
Measurement 3 332 [ 53¢
Measured bar diameter:
Splice 1:
Splice 2:

145




Form 4: Test setup — span spacing

Specimen 1D: pe’”'\ ]/ T Date: 6-/3 ‘/]L
Measuredby: | Mart OPe LE] Checked by: ﬁ‘g——

centerline

West end to West support ™ 3/1( &1 L‘1 g4 Yo | %% \%—5
d VP N0 | (103 | JI0% | o, 6]
cemerme___|\80%“ | 180%;, [180%, | |50
eW“:s(cndtoEaslsphce ”yg‘/, ‘g}s/g I(J‘); l‘"ﬁ\b'lg
West end to East support | 2| ‘/\%p L6 "&4' Sl ‘;,‘ L) 2o
West end 1o Fast end 390 3/3 3D % 31034 300,39
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Form 5: Dial gafe readings

Vf\.\. +

Specimen 1D: 8"""\ \ - i Date: dl 3 VL
Measured by: | MaA4 /)‘éz'.ll-}

Reading | 0.8\3 1¢55 M7
Reading2 | & 0.84€ 2668 1. 4S9
Readings | |0 0.2 +4 1679 1. 8§03
Restings | 15 (), 99 1651 £18
Readings | 20 13 LEL3 Y60
Reading 6 2€. ,‘ng 1;79 ,9.92—‘
Reading 7 'l O .3?\'\ 'LS }o 1 ‘ l S,
Reading 8 3 S GOl 1Cq | 1139
Readingd | U O 6G) 2.6 2353
Reading 10

Reading 11

Reading 12
| Reading 13

Reading 14

Reading 15

Reading 16

Reading 17

Reading 18

Reading 19

Reading 20
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Form 1: Dimensions of formwork

R ../, .52 S
ot Y
Measured by: | }/‘! 13 ORz; \T\[: :('hgc[x_cgi‘_b) l-.} ,_/7; ///") & J

7
Width Height Length 3
Design 18 in. 24 in. 16 R (300, )
Tolerance =% in. = Yain. & ] in.

Measurement | I 9 ‘%ﬁ

Measurement 2 [€
A\ S

Measurement 3 ' [ g
Measurcment 4 | 1 ? [5}/5 ‘\
Measurement 5 1 ? T

Measurement (; B _ﬁw—-l { -

» -.\1casurcmcm 7 [ [ ;_l%; ‘

Measurement 8 ! [ ?
: = — =
Measurement 9 [ Q
]
' I >
= K
I
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Form 2: Dimensions of reinforcing steel within in the test region

__Feon #2

149

Specimen ID: .ﬁﬁéz-}" ! Date: LAVRT T
Measured by: | Aost OB, Checked by: W
i A
Splice 1 Measurement 2 3 9"@ Ve [\ / \
Measurement 3 3 3/? 9/%' =
Measurement | 2% 930 2 '/1‘
Splice 2 | Measurement 2 3Y¢ (/s P
Measurement 3 1Y | 27 NS T
Measured bar diameter:
Splice 1:
Splice 2:




Form 4: Test setup — span spacing

Specimen 1D: M—\' Date: 5/3 |
Measured by: | Mgt Okﬂ\\} Checked by: _li/ﬁ\

Pin centerline to roller

centerline

West end to West sum 8' ‘1 3/,‘” gv\ J/Llf <? 1 Z’ = Sq.m_
e“'::stendto\vcstsvhce ”0 '/1,4’ “O-;(.‘d [”0%’ “Q\AZK
S BO%s” | 15037 | 1504 |22l
c\:(o;ﬂcndloﬁastsplioe Ig)_/wo '8}%‘10 ‘3}“5;( o KqHé
West end to East support L6 I/(p Z‘6 ‘/u = ?"6 Gl 2"’ (,tzS
West end to East end 300'/"\” 3003/“, 300}11” -}77\'1?1
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Form 5: Dial gage readings
o pe—t

Specimen [D: e°awx L Date: CG/ 3‘/ n’

/
Measured by: Myt Oﬂql b

g Ovey”

Reading 2 L1y 1.609~ O™

@)
Reading 3 0.8 60~ 03¢~
(@)

e

3
Reading 4 L ST 1013

l
Readings | | 0 3571 1.56€ Am

Resdings | 2.0 0 154

&

Reading? | TE e L.601 [ 39C
et | 3 98 | Z.43] [ 652

Reading 9

Reading 10

Reading 11

Reading 12

Reading 13

Reading 14

Reading 15

Reading 16

Reading 17

Reading 18

Reading 19

Reading 20
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Form 1: Dimensions of formwork

> )
_ o _pom#H ) o B -
[ N &l T i ¢ ‘ | ’

specimen ;| Gl GF OV |pwe: | Ob0ypn,

Measured by: | /‘-‘,-_&a ORo:l1, | Checked by: | \)(' 5 [";C.(C\/r’/‘
v y
Width Height Length

Design 18 in, 24 in. 3F (300,4 )
Tolerance %0 = '%4in. +1in. |
!

Measurement | ' I 8

Measurement 2 ‘ le | w /( Li wO '/H__g ) "

Measurement 3 1 e l/f LO /f
Lo

Measurement 4 9 |

Vkasurum.m 5 B i [ ?’J/\.{ w7
| 1'% M,«M.LQ 76|
13> Wl %

\kasuumcnl 8 ] —l 8‘7 __‘I_Z/O (/i

\hasurcm(.nl 9 [ J | 7 ‘1

[

%

\kasurcmcm (v

\1casurcmuu 7
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Form 2: Dimensions of reinforcing steel within in the test region
Boom #3

specimenn: | CJ~79-% Date: o8/ v
d by: 0 R . | Je V4 Je/|
Measured by /"]ﬂ# 4’2_2)11} Checked by £ lecke

Splice 1 | Measurement 2 '53/‘/ {)._3/?" \ ,\ “

Measurement 3 O (},35?/ VoNYd N

Mmemmt 1 Y3, I}.?j_g 7? '3/ '
Splice2 | Measurement 2 2% PAZ AW AN

Measurement 3 2 Y l).‘?/r’ \J NN

Measured bar diameter:
Splice 1:
Splice 2:
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Form 4: Test setup — span spacing

Specimen [D:

; o3

Date:

5J3\/L

Measured by:

Matk OPe, \\J;

Checked by:

G4

Pin centerline to roller
centerline

‘Wv'estzgtoxstsu?pon ?‘1 iﬁ/‘_ f% 3“4 95‘3/1‘ Z(ILH"é
el"dcsl to West splice '” ‘ /{6 “0 B/" “0‘7_671
xﬁflﬁi'im e _ fbV )iz 'FOJ/It ,30“57‘ |¥%229
eWme’sl end to East splice ((j,s)g lf 7 //{ l?f'?/‘« Hq\ ‘ﬁ
West end to East support ’H‘J 116 3/! Z’l‘ ‘,/.1]( 7—! ‘\}2
West end to East end 200V, °[ 3002, _300 ]/q' BNk
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Form 5: Dial gage readings

Specimen 1D:

Boawn 3

N
%@U’I‘_—ﬁ‘v

Date:

0S)31/ v

Measured by:

Mayy O Pailly

Reading | O |0s»¢ LESN 0.813
Reading 2 S 0 943 1634 0.§39
Reading 3 0 Pris 1666 df?§€
Reading 4 G I > 0% 16'3? f O 9} 6
Readings | 1O || 136 160° 4
Readings | TS5 lya 1533 60
Reading7 | &0 A Y 1.513 MOL
| Remding 8 —

Readingd | () LOuY 1668 0935
Readingio | & | [LO&9 1644 0380
Reading11 | \O |, 18O L6 08y
Reading 12 ig I 16 g Lgo} ' (S\
Reading 13 8 [ 3C 158 .1—3‘
Reading14 | L5 |[ M6 1.9 1,314
Reading15 | 0O | |, 65Y 1.538 4
Reading16 | 35 ||, €3 Y 1500 019
Reading 17

Reading 18

Reading 19

Reading 20

155




A s 4 ST %7
>/%/S : i
Tl s T 400 ST
s — no Jpwwny
T/E]S e T 1 RIJic)s ~ QN 3% Kieo snejonIN|
wir 9|89l
; N\\ 1£/S \o\.% 524 uay) uayz
R4 \M\M = VI nibif uen,l
ol swenm
auAer Auads
2/ \e/S \\\\V& ON Texueg QoIS
..N_\ \¢/c i 52 N aeN apeas
2 /(£/5 ~\RANY 25 N oiey JETIETIES
2I/IE/6 o U uag ssesdiopuag
w2 [ SR )
VALY i, ey new irey.0
io/\ m\m \u\“@ m.m?. wepy uoAd|
L E—7T
kAL VAN M\Nﬁ = P24 piemp3 Aasuzang
=% B J\.{N$ 0§ uajeq yutg
——peagt—— — qnequan]
2 (/12 g ' o, v Hejeyy-jy
alep aimeudss (# uoneayaad “saA 1) ¢paend DY WeN Isiiy susey 35€1)

(8unysey sweaq ¢ pue ‘z ‘T#) wuo4 Sujuies)

U0 YIOM |IM AdYy) 18Yym SO

payyenb ase Aayy pue Suiuiesy sadosd paaiadas aney SwWeaq PauONUIW AA0Ge 31 Sunsal uo Hiom |1tM Oym asoy) ajediput 03 pasedald st w0y SiyL

156



Beam Test Recording

0%

Specimen : Koan #1(mon)]  testoate: 3/3’/!\
Recorded by: Nt X ‘
—
Il.oad, kip Note
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Beam Test Recording

(= /—L
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Specimen : [Zopmﬁl Lm.’ho’ Test Date:
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7T ' v
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Beam Test Recording /‘p/ [
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Recorded by: tiaka
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Beam Test Recording
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Beam Test Recording
Specimen : WO» 47 Test Date: /3
Recorded by: Lol A
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Beam Test Recording
Specimen : Beos # 1 Test Date: E / T e
Recorded by: Viaw
[Load. kip Note
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Beam Test Recording

Specimen : Koam # Test Date: S/
ded by: =3t
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University of Kansas

CEAE Department
2150 Learned Hall
1530 W. 15th St.
Lawrence, Kansas 66045-7609
Phone: 785.864.3885 Fax: 785.864.5631
CONCRETE MIX DESIGN
Contractor: KU
Project: Bond Test- Beam #4, 5, and 6
Source of Concrete: Ready Mix Concrete
Date: 6/10/2012
Placement Type: Conventional
Material / Source or Designation / Blend' Quantity (SSD) 5.G. Yield, ft*
Type I/1l Cement / Cement Producer / 100% 588 1b 3.20 294
Water 2461b 1.00 394
MCM -1.5 in. / Granite 1.5" / 20.86% 687 Ib 2n 4,06
MCM -0.75 in. / Granite 0.75" / 31.89% 1050 Ib 2.1 6.21
Pea Gravel / Pea Gravel / 25.39% 8361b 2.60 5.15
VPsand / VP Sand / 21.86% 7201b 2.62 4.40
Total Air, percent 0 0.27
Air Entraining Agent / Air R Us 0 fl 0z (US) 1.01 0.00
Superplasticizer / Admixtures R Us 60 fl 0z (US) 1.20 0.02
1 The biend p tag (by weight) s isted y for cementitious materiols and aggregates. 27.00
Total Water Content (including water in admixtures), Ib 247
Water / Cementitious Material Ratio: 0.42
Concrete Unit Weight, pcf 152.9
Target Slump, in. S5in.
Paste Content, percent 25.55%
Workability Factor (WF) Target: 35.0 Actual: 321
Coarseness Factor (CF) Target: 57.9 Actual: 63.0
Prepared On: 5/16/12 2:20 PM
Prepared By:
Jigiu Yuan
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University of Kansas

CEAE Department
2150 Learned Hall
1530 W, 15th St.
Lawrence, Kansas 66045-7609
Phone: 785.864.3885 Fax: 785.864.5631
CONCRETE MIX DESIGN
Contractor: KU
Project: Bond Test- Beam #4, 5, and 6
Source of Concrete:  Ready Mix Concrete
Date: 6/14/2012
Placement Type: Conventional
Material / Source or Designation / Blend" Quantity (SSD) 5.G. Yield, ft®
Type /1l Cement / Cement Producer / 100% 588 Ib 3.20 294
Water 246 1b 1.00 394
MCM -1.5in. / Granite 1.5" / 20.86% 687 Ib 271 4.06
MCM -0.75 in. / Granite 0.75" / 31.89% 1050 Ib 27 6.21
Pea Gravel / Pea Gravel / 25.39% 8361b 2.60 5.15
VPsand / VP Sand / 21.86% 7201b 2.62 4.40
Total Air, percent 0 0.27
Air Entraining Agent / Air R Us 0 fl oz (US) 101 0.00
Superplasticizer / Admixtures R Us 60 fl oz (US) 1.20 0.02
1 The blend p tag (by weight) is listed separately for comentiious materials and aggrogates. 27.00
Total Water Content (including water in admixtures), Ib 247
Water / Cementitious Material Ratio: 0.42
Concrete Unit Weight, pcf 152.9
Target Slump, in. Sin.
Paste Content, percent 25.55%
Workability Factor (WF) Target: 35.0 Actual: 321
Coarseness Factor (CF) Target: 579 Actual: 63.0
Prepared On: 5/16/12 2:20 PM
Prepared By:
Jigiu Yuan ) /' "
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Form 3: Plastic concrete testing and concrete compressive strength

Specimen ID: &Q‘S#&Sé &h@/ Date: éﬁxﬂ e

Measured by: IJA'!E Senpie Checked by: E%Q : %’

Plastic concrete testing

Wh. Conagaer : LML G, 44
wh. (one.t+ coniver g 27 1

: t Nlzle
Packid O3] 647] U [fo% 2856 [Pl [ 424 [T
Ly O 1649] € [STP | D | [3yon Y20 {4y,
el b6 [ Y] ¢ (629 [24p [rape |42 1
obag O |6l | T | A0 12933 (LS| 510 o
o | (6 [ D Kama 285 [ Heod K30 J 5250
:M Iy 16he| N |foly |24 5w s
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Form 3: Plastic concrete testing and concrete compressive strength

Specimen D:_|[powdi4 S [ ‘H’ !&’:1(- Date: b/ f27)2

=

Measured by: | Naw Seazc Checked by: _Ief'[ feckrvey

Plastic concrete testin
| ;o ol | ¥4 I 86,5 I

WA LanBinar » q.‘\sﬁ.
Nal. Comtaisar® 02407
WY, Goncotn ¥ Canduaians * 44 7. 10 P

Concrete com ressive strength

S ﬂl. | &
. o
Moge 2| Oft 641 | 3 | go|assy [Res | U |
:.‘4;,[4!!' Lie |6 A

o gy |4 [6hr | &[4 [og bt Hoo] S50 (K490

—t A ! N e 3 20f
PIRARERY

.
Lond | an vt | Foxes | X @D
0.7% | ZATH
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University of Kansas Flexure Beam Tests

DATE: 6/20/2012

BEAM TESTS: Beams 4, 5, 6

Flexure Beam |  Date Height™ | Width | Date Load | Age' | Modulus of Rupture
ID* Made n in Tested Ib Days pst,
Mono-W1 | 6/13/2012 603 6.35 6/2072012 | 8850 | 7 674
Mono-W2 | 6/13/2012 589 627 6202012 | 6350 | 7 526
Avg-Monolithic (Wed.) 600
Mono-R1 | 611412012 6.07 628 6/20/2012 | 8500 | & 661
Mono-R2 | 67142012 | 6085 6.25 6/2072012 | 9500 | 6 739
Msn_omjcmun) 700
CJ-1 6/13/2012 6.05 6.08 6/20/2012 | 3950 | 7 319
CJ-2 6/132012 6.05 614 6/2012012 | 2850 | 7 228
Avg. Cold Joint 274

*Mono = monolithic concrete; CJ = cold joint at midspan
**Measured at fraclure plane
“**The cold joint specimens contain concrete that is 7 and 6 days of age

Mot )
Matt O'Reil
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University of Kansas Split Cylinder Tests

DATE: 6/20/2012
BEAM TESTS: Beams4, 5 6
Date Length ameter | Date Load Age Modulus of Rupture

Cylinder Made n in Tested kips Days psi
w1 6/13/2012] 1225 598 |6/20/2012] 375 7 326

w2 6/13/2012] 1203 598 |6/202012] 470 7 416
Avg. (Wed.) 370

R1 6/1412012] 12.15 599 |[6/202012] 565 6 494

R2 6/1472012] 1224 600 |6/202012] 510 6 442

Avg. (Thur.) 470
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————

Specimen | ID

Measured by:

0w, l__._;

743\ dzﬂqj | Checked by: 1‘ B

Form 1: Dimensions of formwork

| Date:

/vy

Width Height Length
e Design 18in 24in. 23¢ 7
Tolerance Y in. + % in. £1in ]
Measurement | J i g ‘/ 2‘1 /f 3 33’

Measurement 2

L‘1 ‘/u

5 35 ¢ G/r

Measurement 3

Measurement 4

\Icasuru ment 5

\ka\urum.nl 6

\h.amrcmcnl 7

\lusurcmuu 8

\kasurcmcm 9
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Form 1: Dimensions of formwork

Specimen ID: 6’%_5 —— ___I pwe: | OS/jL /1L
Measured by: | Mty Kol |,chcckqd,bx;4,

—t ]

.
\“
Width Height Length
v . ¥ . 7 ) I
Design 181n 24 in. 33 6 |
Tolerance + %5 1n. =%, & ] in. i

Measurement 1

Measurement 2

Measurement 3

Measurement 4

Measurement $
Measurement 6

Mecasurement 7

Measurement 8

Measurement 9

174



Form 1: Dimensions of formwork

=, pr— n |

Specimentn: | @ 0 |owe | OB/ I
v [
Measured by: /V\(&.b %4‘ u:, | Checkedby: | 1

Width Height | Length
Design 18 in. 24 in. 3 %
Tolerance = Y in, =in, +1in

Measurement 2

Measurement | ég’/u, | L Y __.2‘55 _67_3

Measurement 3

Measurement 4

Measurement 5

Mecasurement 6

Measurement 7

—

Measurement 8

Measurement 9
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Form 2: Dimensions of reinforcing steel within in the test region

Specimen 1D: 820»\ \1 Date:

d &/

Measured by: M oﬁ'% Checked by:

i3 (',..
i ,Wg@mfr-r

SRBI T B

331 3

[
Measurement 3 33, o 7 |
Measured bar diameter:
Splice 1:
Splice 2:
8
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Form 2: Dimensions of reinforcing steel within in the test region

Specimen ID: Kearw\ S Date: K/ L
Measwedby: | [Vgtg  OR=illy Checked by:
. \ll &
3 B
Splice 1 Measurement 2 "&3/1‘ " ‘7%‘
Measurement 3 ES 3 /8
Measurement 1 3 L,J;‘ Lo '/l P
Splice 2 | Measurement 2 2 be [ ¥ &
Measurement 3 2 l‘«(‘ l )«6]‘ ¢
Measured bar diameter:
Splice 1:
Splice 2:
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Form 2: Dimensions of reinforcing steel within in the test region

Specimen ID: Peawm O Date: o/ 1/1v
Measured by: | Moty ORoitly Chiecked by:

3%
Splice 2 | Measurement 2 Zg/_; F’E
e

Measurement 3 ‘L C/ " |
Measured bar diameter:
Splice 1:
Splice 2:
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—y
L
o
3

Specimen ID; e‘m ‘1 Date: o/ Ly

Measured by: M oP‘:tL) Checked by: um_&nﬂ?—.

Pin centerline to roller
centerline w

West end to West support o “~ i“l ‘/q &1 C/,s
West end to West splice o
it = (¥ % | 08 4 (08 */e

W nd bea ” : L 1
cer.:‘erelinem i IC& l-A\ il I 68 M't w? GZ‘
West end to East spli o g

cn;St e o 1 '3/“ 7/1? \2(( 7’1'9 k‘
West end to East support | 2S5 L 3//‘: LSL Iy, 1L '4)
West end to East end 53‘ '/J_ 33€ ,/L 336 ‘/1_,

Form 4: Test setup — span spacing
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Form 4: Test setup — span spacing

specimen1D: | §eam § Date: 08/ v/ v
Measured by: Mq&-) ORe; lg Checked by: | Nagg Senee

Pin centerline to roller

centerline ‘
West end to W'esl support 8 (1 J/lg s '15)!{ e '1 3/f
::;st end to West splice ‘08’ :2‘ (,ogg((' {02 [41

West end to beam
ce::e;ineo‘ : I6€ ‘/ﬂ ‘Qki i(ps//(
rn:stendtobastsphce '2/1493/‘/ _"w[/‘( L29 L,

West end to East support 'LGL'@ 6L I/q 5L 'Jq
West end to East end BQ/{ 236 ?/ld’ 336 '/\1
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Form 4: Test setup — span spacing

Specimen ID: Beawm 6 Date: 05/ 22/1L

Measured by: | Ma34 Ol{é;ﬂv Checked by: | Nare, Seapee

Pin centerline to roller
centerline s

West end to West support 8"‘\ 3/9 &4 J/' M 3//{
West end to West spli
emei end to West splice wpl;q \(86}" (174 '/¢

West end 1o beam lﬂf 5‘1 ‘ [<ps 51 16? ’/g

centerline

West end to East splice L’L{’ i/" Z«U 'y 3 108 b f

end
West end to East support  [LBL/ 9!6 5Ly s 4’8

West end to East end 33{ LL 336. a/l( 3"855
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Form 5: Dial gage readings

Specimen 1D:

Roar. Y

Date:

06‘/7--0/172

Measured by:

Mot Op;‘. W

Reading |

O | 0323 2630 | 6>€

Reading 2

0.806

2L.C19

[ ¥14

Reading 3

160w

[ 333

Reading 4

G\o o,g;)-

LS+L

93¢

Reading

P53

L.s1Y

L.O%

Reading 6

¥

1436

L) 86

Reading 7

\.442

1LYLe

133)

Reading 8

£0°L

L1383

1427

Reading 9

Reading 10

Reading 11

Reading 12

Reading 13

Reading 14

Reading 15

Reading 16

Reading 17

Reading 18

Reading 19

Reading 20
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Form 5: Dial gage readings

Specimen ID: 6"&!»\«- 5 Date: O/ 0/1L
Measuredby: | Masd ORo; Ll].
Reading 1 5 Or3? [.346 0555
Reading 2 S | O sy | 718 013
Reading 3 [0 |.0LO 2 | o83
Reading 4 6 l I 6 o [AC?"( "-‘LO'
Reading 5 LO ,ZOK ’ Cs ' ‘j,(x
Reading6 | L M3 N L&
Reading 7 \7) .586 SYL b gﬁ%

| Reading8 | B6 [ 36 ug? g1
Reading 9 L{O [ 11 Uy 98
Reading 10 O J&S C?G .1€
Reading 11 6: T ‘]—-Lq . 6( C A 2/ }8
Readigi2| |0~ []3 13 163 F 376
Reading13 | }6 7 Zjla €Oy (13
Reading 14 'LQ(_’ 513 (& PO 53€
Reading 15 3 O’_ ?'7—6 '5 09 ?‘ 9_2
Reading 16 | 3 $5F |L.U€d 335
Reading17 | - 40 #) Rails ¢ o
Reading 18 | -

| Reading 19
Reading 20
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Form 5: Dial gage readings

Specimen 1D:

foam 6

Date:

05720/1

Measured by:

Mait OR;;H;,

Reading | ! 008[8 (L% ' 33\1

184

Reading 2 5 |08%60 [36¢

Reading 3 ‘ D O 5 O ’Lm‘ ULl

Readings | [ & (.03 L3603 [[569

Readings | 1.0 €4 L7319 [ 694

Reading 6 3.5 |’f{ g g %.638’ \ 4

Reading7 | 3 O ; 636 9

Reading8 | 3G | €S % ,§ %I(Q

Reading 9 ! ¥ 0 7 3‘1 _-’:1
Reading 10 1\ e 15" 1337 1,628

Reading 11 I()/ 112 2313 S i *
Reating12 | ] 07 |1.395 266 3]

Reading 13 -301 ! AW, 9 1/6_9 G—]

Reading 14 T’lE’ |.30§ : Stk 1 Lé )
Reating1s | 407 | | L6 131§ LM

Reading 16

| Reading 17

Reading 18

Reading 19

Reading 20
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Beam Test Recording

b0 fin

Specimen : 'ﬂ q Test Date:
i
Recorded by: Yo s
s
Load, kip Note
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Beam Test Recording
{ /. /\
Specimen : H Test Date: D /b
Recorded by: e
(
Load, kip Note
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L){; ] e <) Il i Y Lg
> ¥ 57 U — P—— T
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Beam Test Recording

Specimen : H % Test Date:
Recorded by: T
lload, kip Note
. Y, Yo y NE P
= 4 ~
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/ F by
N\ )
\ = W4
¢ { S\ v L A - A)
13 r.’“ \‘—,ﬁ
—
i ik S S =Y 42 .L\
ya| AN T v, i
o A=A a4t My Pr 4 1)
2 T\ DIeTi<he G T ey
BAN N3 gy Y" oh 9 i $
. g L - - ]
1(1-‘. b [ ol = { al - L
"l-:n‘ O ‘
Ve k- i —
i VAR TA AN )I.\
-
SYr {\,.,(-.',q‘i‘-\ 4Ty N @]
d e | *
W o - iy : e 134 I > !./;;
" 4 ) y - TR 4 Vv v
‘ A ORE
[ \ v\ i C
<0 Tr, W Nt S
E » > 1{ hal
l‘\g 7 I)‘.” ( ?/ ‘ y 4TV

188




Beam Test Recording ! /

Specimen : AP Test Date:
Recorded by: Al al
]
Iload, kip Note
.’{/?\‘ *fn. { - f(’hu"{ '[’1 wl W Sle "L‘l‘f Pt A3 4
I \ | t O ] v
} ¥ i - RN |
|/ 1 VL
v/
V oh 12 N I
4
[F] { 5
19 | '-s'l y PRl 5 ]
3 - I |
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Beam Test Recording
Specimen : H « Test Date: £/ .2 / ),
Recorded by: = LI A
7T i |
[Load,l(ip Note
[Kig
o
| 9] :
= Kp | I e
=T 38 S LT L7a Y ] 1
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Beam Test Recording
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Beam Test Recording
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Beam Test Recording
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Beam Test Recording
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Appendix I: Certificates of calibration for laboratory apparatus

Dial Gauge Verification:
Date Performed: O6/11/1L

Operator:_ Mt Oﬂc'\l\r.

Test Frame ID: YIL36i Chok eﬂlo'ww'\)

Test Frame Displacement
Calibration Certificate #: 106§ 0370€ 11120608

Verification Data Attached.
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1D:
Baldwin

0
0.0112
0.0297
0.083
0.135
0.1967
0.2493
0.2862
0.357
0.4605
0.5175
0.6457
0.6918
0.7805
0.9192
1.004
1,0957
1.1597
1.266
13772
14377
1.5112
1.4692
1.3635
1.2112
1.1035
1.0235
0.9192
0.8907
0.751
0.632
0.6052
0.4875
0.4272
0.3405
0.2727
0.2335
0.1938
0.1085
0.0665
0.003
0

DG1
Gauge

0
0.011
0.03
0.083
0.135
0.198
0.25
0.287
0.358
0.462
0.518
0.647
0.694
0.783
0.923
1.006
1.099
1.163
1.27
1.383
1.442
1.516
1474
1.368
1.214
1.106
1.026
0.922
0.894
0.754
0.635
0.607
0.488
0.428
0.341
0.273
0.234
0.194
0.109
0.067
0.003
0

% variation FSE, %

0.00%
-1.79%
1.01%
0.00%
0.00%
0.66%
0.28%
0.28%
0.28%
0.33%
0.10%
0.20%
0.32%
0.32%
0.41%
0.20%
0.30%
0.28%
0.32%
0.42%
0.30%
0.32%
0.33%
0.33%
0.23%
0.23%
0.24%
0.30%
0.37%
0.40%
0.47%
0.30%
0.10%
0.19%
0.15%
0.11%
0.21%
0.10%
0.46%
0.75%
0.00%

0.00%

-0.01%

0.01%
0.00%
0.00%
0.04%
0.02%
0.03%
0.03%
0.05%
0.02%
0.04%
0.07%
0.08%
0.13%
0.07%
0.11%
0.11%
0.13%
0.19%
0.14%
0.16%
0.16%
0.15%
0.09%
0.08%
0.08%
0.09%
0.11%
0.10%
0.10%
0.06%
0.02%
0.03%
0.02%
0.01%
0.02%
0.01%
0.02%
0.02%
0.00%
0.00%
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1D: DG2
Baldwin  Gauge % variation FSE, %
0 0 0.00% 0
0.0588 0.059 0.34% 6.67E-05
0.124 0.125 0.81% 0.000333
0.1777 0.178 0.17% 1E-04

0.23 023 0.00% 0
0.2758 0.276 0.07% 6.67E-05
0.345 0.345 0.00% 0

0.4225 0.423 0.12% 0.000167
0.4763 0.477 0.15% 0.000233
0.5515 0.552 0.09% 0.000167
0.6145 0.615 0.08% 0.000167
0.6935 0.694 0.07% 0.000167
0.7685 0.769 0.07% 0.000167
0.8333 0.834 0.08% 0.000233
0.909 0.91 0.11% 0.000333
0.972 0.974 0.21% 0.000667
1.0815 1.083 0.14% 0.0005
1.1677 1.169 0.11% 0.000433
1.2542 1.256 0.14% 0.0006
1.3695 1.372 0.18% 0.000833
1.5152 1.519 0.25% 0.001267
1.6037 1.607 0.21% 0.0011
1.7527 1.757 0.25% 0.001433
1.869 1.874 0.27% 0.001667
2.0067 2.012 0.26% 0.001767
1.925 1.931 031% 0.002
1.86 1.864 0.22% 0.001333
1.7515 1.756 0.26% 0.0015
1.6095 1.613 0.22% 0.001167
1.4372 1.44 0.19% 0.000933
1.3067 1.308 0.10% 0.000433
1.2035 1.203 -0.04% -0.000167
1.1515 1.152 0.04% 0.000167
1.0355 1.035 -0.05% -0.000167
0.9735 0.973 -0.05% -0.000167
0.847 0.846 -0.12% -0.000333
0.7417 0.74 -0.23% -0.000567
0.6967 0.695 -0.24% -0.000567
0.6237 0.623 -0.11% -0.000233
0.4523 0.452 -0.07% -1E-04
0.3235 0.322 -0.46%  -0.0005
0.264 0.263 -0.38% -0.000333
0.1863 0.184 -1.23% -0.000767
0.09 0.089 -1.11% -0.000333
0.0453 0.043 -5.08% -0.000767
0 -0.001 -0.000333
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FSE, %

0.0025

0.0015

Baldwin Displacement, in.
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Baldwin

ID:

0
0.0782
0.1175
0.2325

0.308
0.3782
0.4402
0.5158
0.5745
0.6572
0.7325
0.8157
0.8872
0.9955
1.0535
1.1202

1.243
1.3285

1.387
1.4647
1.5482

1.69
1.7618
1.8705
1.9405
2.0117
1.9177

1.824
1.6947
1.5825
1.5002
1.4185
1.3507
1.1765

1.07
0.9405
0.8242
0.6757

0.458

0316

0.208
0.1255
0.0412

0

Gauge

DG3

0
0.078
0.118
0.234
0.309
0.378
0.441
0.517
0.576
0.659
0.735
0.818
0.891
0.999
1.056
1.125
1.248
1.333
1.392
1.469
1.555
1.698
1.767

1.88
1.954
2.024
1.929
1.835
1.703
1.589
1.506
1.424
1.355

1.18

1.07

0.94
0.823
0.674
0.457
0.314
0.206
0.122

0.04

0

% variation

0.00%
-0.26%
0.43%
0.65%
0.32%
-0.05%
0.18%
0.23%
0.26%
0.27%
0.34%
0.28%
0.43%
0.35%
0.24%
0.43%
0.40%
0.34%
0.36%
0.29%
0.44%
0.47%
0.30%
0.51%
0.70%
0.61%
0.59%
0.60%
0.49%
0.41%
0.39%
0.39%
0.32%
0.30%
0.00%
-0.05%
-0.15%
-0.25%
-0.22%
-0.63%
-0.96%
-2.79%
-2.91%

FSE, %

0.00%
-0.01%
0.02%
0.05%
0.03%
-0.01%
0.03%
0.04%
0.05%
0.06%
0.08%
0.08%
0.13%
0.12%
0.08%
0.16%
0.17%
0.15%
0.17%
0.14%
0.23%
0.27%
0.17%
0.32%
0.45%
0.41%
0.38%
0.37%
0.28%
0.22%
0.19%
0.18%
0.14%
0.12%
0.00%
-0.02%
-0.04%
-0.06%
-0.03%
-0.07%
-0.07%
-0.12%
-0.04%
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Slump Cone Verification

Date: 6/13/2012

Measured by: Matt O'Reilly

Measurements (in.)
1 2 3 Avg ASTM Spec.

Diameter at:

Base| 22 29y §.oY ;}Jg 810.125
Tp( 391 Y0y 396 |339€ | axoazs

Height LoV 2.0 1I.o3 | IL.O3| 1240125

0.50%
0.40% @
0.30%

0.20% o®

FSE, %

— ®e o +DG3

& <
0.00% %o @ L 2
02 05 ¢ 1 15 2 2.5

-0.10%

0.20%
Baldwin Displacement, in.
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Unit Weight Container Verification

Date: 6/13/2012

Measured hy: Matt O'Reilly

Measurements (in.)

1 2 3 Avg
Diameter 8.00 7.98 8.00 7.99
Height 8.50 8.56 8.53 8.53
Volume (in.*) 4281
Volume (fts) 0.2477 ASTM: Volume of container must exceed 95% of needed capacity
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CERTIFICATE OF CALIBRATION Wﬂ,&@

SSUED BY : INSTRON CALIBRATION LABORATORY Lsd coce: 200301-0
DATE OF ISSUE :  26-Jul-2011 CERTIFICATE NUMBER: 106072611122608
Page | of 3
e APPROVED SIGNATORY
25 University Avenue
&4 Norwood, MA 02062-2643

INSTRON' Tossione 600 4737538 John Weiss

Email: service_requests@instron.com

Type of Calibration: Displacement
Relevant Standard:  astm 2309

Date of Calibration:  26-Jul-2011 Customer Requested Due Date: 26-Jul-2012
UNIVERSITY OF KANSAS
1032 LEARNED HALL
ISTH ST. 472961
LAWRENCE, KS 66045 INSTRON
Model : SSRI20BTE

P.O. Number : SQUDO03644
Contact : M WEAVER

1. Digital Readout {in)

This certifies that the displacements verified with machine indicator | (listed above) were verified by Instron in
accordance with ASTM E2309-05 (Follow-the-Displacement Method) and Instron work instruction ICA-8-07.

The testing machine was verified on-site at customer location. Adjustments are noted in the comments section of this
repart with a reference to the "As Found" data.

The verification and equipment used conform to a controlled Quality Assurance program which mects the
peeifications outlined in ANSUNCSL Z540-1, 1SO 10012, 1SO 9001:2000, and ISOIEC 17025:2005. The Instron
measurement equipment used for verification is traceable to NIST,

Indicator 1 - Digital Readout (in)

Max Repear Max Repeat ASTM
Verifiad Range Max Eror Max Eror  Error Emor System  Resolution Resolution  Lower Limit
(in) (in) (%) (in) (%) Class*  (in) Class (in)
1-3 £.0130 0.368 0.0027 0147 A L0001 A |

*System Class Is derived from assessment of the following : ervor. répsatablilty, resolution, and standard device dassificarion.

The results indicatad on this cenificate and reporn relateonly 1o the items verified. If there are methods or data included tha are not
coverad by the NVLAP acereditation it will be identifiad in the comments. Any limitations of use as a result of this verification will
be indicated in the comments This reportmust not be usad to claim product endorsement by NVLAP or the United States
govemment. This report shall not be reproduced, except in full, without the approval of Instron.

CalproSDS version 3.3
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CERTIFICATE OF CALIBRATION

ISSUED BY : INSTRON CALIBRATION LABORATORY
DATE OF ISSUE :  26-Jul-2011 CERTIFICATE NUMBER: 106072611122608

Page2 of 3

Direction of Displacement : Ascending

SVE YL -, U SRRy, WY
'y

Suggestad Run | Run | Run2 Run2 Run 3 Run3 Repeat

Value Error Emor Error Error Error Error Error Uncenainty Coverage
(in) (in) %) (in) (%) (in) (%) (in) (in)* Faqtor=k
I £.0036 £.348 £.0021 £.201 0.0031 0.301 0.0015 0.0020 236
2 £0.0078 £0.368 0.0062 £.308 0.0064 £.313 0.0013 0.0019 226
3 L.0054 0.313 00098 £0.311 0.0088 £0.280 0.0010 0.0018 226
4 £.0130 £0.321 £.0113 L0279 £.0103 £0.258 0.0027 0.0036 278
s £.0101 £.200 D.0078 0.154 0.0089 D177 0.0023 0.0031 2.57

*The reported expanded uncerialnty of measurement Is based on a combined uncertainty muitipled dy a coverage factor k 1o
provids a level of confldence of approximateiy 95 %

Runs | and 2 are performed 1o comply with the requirements of ASTM E230%, run 3 is performed 1o calculate the uncenainty of
maasurement.

Temperature at stant of verification : 81.8 °F

Run 1 Run 2 Run 3

Suggested Error Error

Value Applied Indicated Class | Applied Indicated Class | Applied Indicated
| 1.0331 1.0293 A 1.04356 1.0438 A 1.0306 1.0278

2 20393 2.0320 A 2.0162 2.0100 A 2.0451 2.0387

3 3.0031 2.9937 A 3.0387 3.0492 A 3.0338 3.0250
- 40443 4.0315 A 4.0453 4.0342 A 4.0403 4.0302

s 5.0471 $.0370 A 5.0883 5.0508 A 5.0399 5.0310

Forruns 1 and 2: the worst Resolution Class Is A and the worst Repeatability Class is A.

Temperature at end of verification : 82,0 °F
Staning Point of crosshead : 10in

Uncenainty of
Make'Model Serial No. Description Cal Agency Calibration  Resolution  Cal Date  Due Date
Boeckeler DLG 6894 Linear Gage AA.JANSON 000147 in 0001 in 7T-Dac08  7-Dex-ll
EXTECH 445380 956908 Thermometer  SYPRIS 3°F ACF 11-Sep0%  11-Sep-11

The standards used far this verification are rraceshle o NIST.

CalproSDS version 3.3
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CERTIFICATE OF CALIBRATION

BSUED BY @ INSTRON CALIBRATION LABORATORY
DATE OF IS5UE:  26-Jul-201 CERTIFICATE NUMBER: 106072611122608

Page 3 of 3

Comments

Verifizd By: John Weiss

Senior Field Service Engincer
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CERTIFICATE OF CALIBRATION

ESUEDBY: INSTRON CALIBRATION LABDRATORY

CATE OF IEEUE: 28aluls11 CERTIFICATE NUMBER: 1D807268111D3339 [FJ'\] l& p

Laby onada 2003010

Instran
Py 825 Linivarsty Avanue Fage 1al4 pages

Norwaed, WA 02082.2843 APPROVED SIGNATORY
INSTRON

John Weiss

Fax: [781) 575-5750
Email: serise_raquesisf@instan. cam

Type of Callbratian: Force
Relevent Standerd: ASTM E4-10
Dete of Callbretion: 2B-Jul-11 Customer Requested Due Dete: 28-Jul-12

Xame: UNIVERSITY OF KANIAS

Address: 1032 Learnad Hall, 155 8.
Lawrence, K5 504 5
WEAVERHMEKLULEDL!

PO Caniract Na: FO0000344L

Comact I WEAVER

Mamafactarar: BALDWIN TATE EMERY Mamrafactarer: BALDWIN TATE EMERY
Seria] Mamber: Eia | Transdocer 10: 472961

Sysi=m 1D: SERIZIBTESTXON 1 Capacity: 1 20000 [of

Rang= Type: Single Type: Comprassian

1. Digral Readont « PASSED

This certifias that the forces verified with machine indicason(s) (list=d above) that paseed are WITHIN = | % accuracy, 1 %
mpeaiahility, and zena retam solerance.

All machine indicasors wene verified onetiie a1 cusiomer lacatian by Insiran in eccardance with ASTM E4.

The certification is hased an rons | and 2 anly. A third run & aken o0 stk mesrinty requirements accarding % 150 17025
specificatioms.

The verificatian and equipmen? uead canfarm % 2 contralled Craality Asrmmance pragram which mees the secifications
amlinzd in ANSINCSL Z540.1, 130 10012, 150 90012008 and ISOTEC 170255005,

The =sting machine was verifisd in the "as found’ conditon with na adjuemems carrisd aut

Irewtran CalralCR Versian 3.21

= vt ek ] oo 5 wnd e "o et mlate only oo s erifed | W e sne et oo o deits ncluced St ane oot eo e by g NVLAF
socrediaiion el be adetsfad o e comrnesis. Any Emiafoe of us s e ofthes vecfication will ke sndicated o e commecie. Thin oeport st ook be weed
o claim product encdosemers by WVLAF or the United Sestes e et . Thin eepers sl oot be reproduced socet i Sull, withos the spproval of the Samring:
lsboratary.
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CERTIFICATE OF CALIBRATION ETPCATE NOVBER.

080T2811103333

MVLAP ACCREDITED CALIBRATION LABDORATORY Mo. 200301-0 Page 2214 seges

Temperatore at st aof verification: 81,60 °F.
Indieator 1. « Dightsl Resdout {Thf}

Range ASTMES ASTM E4 ASTM E4
Fall Scal= Texi=d Fare Range Max Max Repeat Fera Rez=almian Liyever Limit
[ ({Taf} Made Ermar (%) Errar (%) Rzturm {Tafy {Taf)
100 11924 101154882 c LE] 0os Pass 1 el ]

Temperatare a1 end af verification: 8180 °F.

COMPRESAION

Rmm 1 Run Run 3 ASTME4 Relative Uncerminty of
Ermmar Errar Errar Repeat Emar Uincweertmvi mty* Mensuremem *
%eaf Runge (%) [ 350 [ (3] i b
100% Range{Full Scale: «1 194852 Th}
1 064 08z 0&1 0oz 014 1L&TD
2 054 065 0465 ol 013 3172
4 ns9 0sg 054 0o 014 5441
7 057 0sl1 042 008 17 14450
10 055 050 042 oS o7 19523
20 ns2 0z 041 ooz 018 19,173
&0 053 049 047 s L8 ] T
™ 0445 P 045 iz 015 124501
100 03 04 031§ 0nd 015 179947
* Tht o axpandic! swotriabery I benad ow o Rodard bty maleidlad by o i e b= 2, peanidleg o nalal
craficieca eyl oyl mendly PI%

COMPRESSION

Rumn 1 Fun 1 Fun 3
idicassd Agpplizd Indicased Agmli=d Indicaed Agmlied
% of Rangs {Taf} {Taf) {Ibf) {Iaf) (Taf) {Iafy
100% Range {Full Scale: «1 194882 Thi)
O Ratam 1 1 2
1 =1200 11924 = 1200 11926 <1200 119275
2 =2400 S2IRLE = 2400 ekt SE 2400 S21EL 5
4 <AR00 AT7205 LR 477195 <AR00 4760 4
7 R0 SHISZA PEER] <H15T4 SHL00 SHISL S
10 =1 2000 119324 =1 3000 =119205 =12000 =1 19502
el 24000 SIIETER =24000 S11EELZ < 24000 23901
40 LR =ATT4R <L BOG0 AT T35 <LRO00 4TI A
70 <EE000 I8 <5000 HIEI52 =H2000 <HEZE
L} =1 19500 1 19450 4 119500 1194882 <1 19000 1185726
Irestram Calprol R Wersian 321
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CERTIFICATE OF CALIBRATION

KVLAP ACCREDITED CALIBRATION LABDRATORY Ma. 200301-0

CERTIFCATE MUMBER:
WE0T2611103338

Fage 3 ofd pages

Tt Raaers & Tarcr in = e L

sardflid L ke peepd, whelchgits 15 gra e,

0.1 %y alea meebnm fEned varlflad be vt ronpd, o 19 o ted lowe 8 fored

a4

W4

k|

12

Fercani af Range

Fun 1
Fua 2
100%™
=1.00%"

" ASTM B4 Errar Tolaranos

&+
E 3

Calitration
Mk Made] Number Diescrigrian Mgy Caacity Cal Date CalDae
Bxtzch 445580 A5EE ftemp. indicasar Sypris NA 1aFepel®  1laFepall
Iierface 9840 G700 brce indicatar [nferface NA HNovald  2Mawl2
Srainsemsz 930TM0RD QXTOID lnad cell Izstran 120000 1af TeXavald  1lNawll
Flim=z 198862 198842 load cll Imestram 12000 1 2l May=10 21-May]2

Range

Loyover Limit fiar
Full Scale Sandard Sandard Class
) Serial Namber Made Percem(s) of Rangs A AL (I
100 0TED [ TR0 M40 T 0D 5000 £ 5000
1400 198842 C 124 200 F 300

Ferrew prcreckardds ave tracacdb e i NTET.

Teat picrwmakrec Clarn A lorwar Mnilt I senael B D whtk ow acosvaey af -+C 109 owd tee Rarchard Clars A1 kowar llmlt I wradl or

T Witk e acesracy o+ 0.7,

Bavdard jorcss kv batn amparanre companiad o mic a11ary.

Iresiram Cakrol R Wersian 321
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CERTIFICATE OF CALIBRATION

WLAP ACCREDITED CALIBRATION LABORATORY Mo, 200301-0

CERTIFICATE MUMBER:
W8072811103339

Fage 4 ofd mages

Verifisd fy:

Jakm Weiss

Field Service Engineer

NOTE: Clas= 30 of ASTM Ed sex; [t & moommended 1 hat texting machines be veri fisd anmaally ar mane freqoent by if
myuined. In no case shall the time imenval betesen verifications sxossd 18 manths {excem far machines in which lang t=rm
text mums heyand the 18 mamth perind). Testing machines shall be verifisd immediately afier remairs et may in any way affect
the opeation af the weighing sysem ar valoes displayed. Verification i requined immediately afier 2 texting machine iz
mlocated and whene there i 2 reasan 10 do bt the accaracy of e force indicating sysem, regard l=x of the time imeral sine

the last verification.

Irstran Calprol R Versian 321
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CERTIFICATE OF CALIBRATION

EEUEDBY: INETRON CALIBRATION LABORATORY
DATE OF IZZUE: 25Ju-11 CERTIFICATE MUMBER: 1DB0T2811132239 [ly\] l& p

Lab oot 2003010

Instron
Fad s B25 niversity Avenue Fage 1 af4 pages

Nerwasd, MA Q20522543 APPROVED SIGNATORY
INSTROMN

John Weiss

Fax: {781} 575-5750
Ermiail: sarice_requesis@inston. cam

Type of Callbration: Force
Relevant Stendard: ASTM E4-10
Date of Callbration: #B-Jul-11 Customer Requested Due Date:  26-Jul-12
Same: LNIVERSITY OF KANSAS
Address: 1032 L earmed Hall, 15th S1.
Lawremce, K3 S5045
WEAVERHEEKLLEDL
PO omtract Ma FO00001544
Comact: JIMWEAVER

Mamafactaner: HBALDWIN TATE EMERY Mamafactaer: HALDWIN TATE EMERY

Serial Nambear: SLRAE Transducer [t S4RAE
Symzm 1Dt SORTESS 843 Capacity: G000 Tl
Range Type: Single Typa: Campressian

1. Dial Indicasar= PASSED®

This certifies that the farces verified with machine indicasan(s) (listed above) that passed are WITHIN 2 1 % accuracy, 1%
mpeaihility, and zeto retam swlerance.

All machine indicators were vetifisd omesie 2t cosiomer location by [nsiron in accordance with ASTM E4.

The certification & based on mans | and 2 only. A third ran & aken io sty mcermimy reqamements accarding to 130 17025
snecifications.

The verification and squipment med canform fo2 comral led Croality Avsomance program which mests the specifications
cratlined in ANSIMNCSL Z540:1, 130 10012, 150 2001: 2008 and ISVEC 17252005,

** within = 2% sccuracy and &% repeatability.

The t=xting machine was verifisd in the "as found’ condition with no adjesmemrs carrisd ot

Ireiran Cakprol R Versian 321
kmnﬁ:ﬂmh:n:’&—-ﬂhﬂmnmmmmhmﬁd.Hh—nﬂﬁ:hzlﬂh—nmﬁbh}ﬁ'w
Eeation will be idetifed in de Sy Errcestion of v e e ren’s ofti v willl b i cicaed i the Thew report e ok be weed

i elaeen procucs endorwemes by NVLAP or the Unted Sesten povermment. The mepart whall oot be nepmdoeed oceps i all, withos s spproeal of B ey
labortory.
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CERTIFICATE OF CALIBRATION

WYLAP ACCREDITED CALIBRATION LABDORATORY Mo, 200301-0

CERTIFICATE NUMBER:

8072811132238

Fage 2 of4 zages

Temperatars atswn of verificatan: £2 50 °F.
Indkator 1.« [Hal Indlestor {Th)

Range ASTMES ASTM ES ASTM E4
Full Scale Texi=d Fare Rang= Max Max Repeat Zeta Resalwtian Lerocer Limit
2y (T Made Errar (%) Errar (%} Retum {Tafy {Tafy
100 <5571 3 60010 8 c 049 044 Pass -] 000

Temperatore a1 end af verification: X250 “F.

COMPRESSION

Rem | Run2 Ran 3 ASTMES Pelative Uncerminty af
Errar Errar Errar Repeat Ermar LUnceraimy™® Nbasremem*
af Range %) %) (%) (%) %) iz b
100%% Range {Full Scale: <6 00108 Ihi)
1 049 04z 053 lilig 4l 14390
2 0.3 als <013 04z 122 14858
4 oo 021 <014 0z 043 15138
7 Q.11 Q.11 13 0.00 037 15474
L] o0z Q.10 004 008 0x 17211
e <005 =020 <0004 0z 0z 26,186
40 008 008 <002 0.00 o7 20546
™ filig and <018 003 0z 2420
10D <002 =0.01 =001 o0 s A3
* Tha raparid expandicl smedrialely 1 basad om e Dandard Yery meliipllad by @ it feacrer k= 2, previding o vl al”
et eyl cppeciel manaly I3

COMPRESSION

Run 1 Run 2 Fun 3
b dicased Agmliad Indicassd Indicaz=d Agmlied
% af Range {Tafy {Iafy {1afy {Tafy {Tafy {Taf}
100%: Reange {Full Scale: <6 00108 Thi)
ORetarn ] a ]
1 00 <5371 ] 5975 <500 5057
2 =1200 =12035 =1200 119835 =100 =120155
4 2400 <130 58 =2400 24495 2400 2095
7 4300 AN 55 =400 =4 3047 42010 A5 5
[1] <5000 =598 8 =5000 =5L <S000 ST 6
1] <1 2000 =1 2008 =1 2000 =1 2024 < 12000 12005 4
40 <2400 «21985 =Z24000 =239852 = 24000 2400 E
T L2000 A1953.4 4 3000 =A1984.4 L2000 AT E
a0 SS0000 SSO010E S 0000 SSO00E L SE0000 <A0005 5
Izstram CalproC R Versian 3.21
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CERTIFICATE OF CALIBRATION

WLAP ACCREDITED CALIBRATION LABORATORY Mo, 200301-0

CERTIFICATE NUMBRER:
WB072611132239

Fage 3 214 sages

et Ruatarrie her Zatrer deok In = et Ll L
varliladl be ska e, whelckar 1 graciar.

1.1 % sl merebonsom Jenet vaellaed Ue vt pamged, o 136 e e heveid 8 flome

100% Range
a8 Compresslon
04
- a2 4 Ruat
£, & Rz
IE -_— 050%"
a2 = {.50%"
\‘ " Ingimn Ermr Toberanos
34
&
B B E B e i1 ¥ o by =
Fercani af Range
Serial Califoration
k= Nad=] Number Diesciptian Agency Camacity Cal Date CalDue
Extzch 4455880 QEE0E =mp. indicatar Symrs NA 1Szpdd  1aFamall
Imerface 3840 ST002 farce indicatar Imterface A IaNowslD  Z%Navs12
Srainsamez 930090 QLTIED load cell Irestram 120000 1af 1sNavald  1sNaws11
Flim=c 198852 198842 load cell Izestram 12000 1af 2leMay=10  2lMayel2

Range Lowver Limit far
Full Scale Sandard Sandard Class
) Sarial Number Made Percems) of Rangs AL AL (IR
JLoY] 307D C 107204070 100 000 7 &000
1o 198 862 [ 1247 2007 200

Ferzrew niareclards cre reseaelbla oo NTST,

Theat rceclomel Clars A kovwatr ekt 11 weraed o mymssns whik ao sevsraey of i 109 o dea rsedand Clarn A1) fowas Wk 1o whsad o

i wiltk o decseaey o+ 0LTH.

Bawdard forces karva batn amparansird companiad ol mic dLIarY.

Irstrom Calrol R Version 321
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CERTIFICATE OF CALIBRATION

WLAP ACCREDITED CALIBRATION LABORATORY Mo, 200301-0

CERTIFICATE MUMBER:
W06072811132239

Fage 4 ofd pages

Verifisd fy:

Jakm Weiss

Field Service Engineer

NOTE: Clas= 30 of ASTM Ed saex; [t & moommended 1 hat txting machines be veri fizd anmaally ar mane freqoent by if
myuined. In no case shall the time imerval betewsen verifications sxossd 18 manths {excem far machines in which lang t=rm
texi mums beyond the 18 manth period). Testing machines shall be verifisd immediately afier repairs dhat may o eny way affect
the opemation af the weighing sysem ar valees displayed. Verification i requined immediately afier 2 texting machine is
mlocated and whene there i 2 reasan 10 do bt the accaracy of e force indicating sysem, regard l=x of the time imerval sine

the last verification.

Irstran Calprol R Versian 321
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CERTIFICATE OF CALIBRATION

ISSUED BY: INSTRON CALIBRATION LABORATORY
DATE OF ISSUE: 27wlub1i CERTIFICATE NUMBER: 1060726111422288 NW[L@}@
Laiy coxdac 20030140

Instron
o d &28 Unlvenalty Avenue Page 1of 4 pagea

= Morwood, MA 02062-2643 APFROVED SIGNATORY
INSTRON Telsphone: (B00) 473-TAIR Digtally gignad by Jushs Fry

Fax: {T81)575-5750 J u Sti n 3:;:;'_-.-;§Ja.tj Fry, calUS,
L5 r

Emal: aendce requeatafijinatron.com
Faagan: | am appmving this

F cheusmant

Type of Calibration: Force ry -:;4-1;-5?]11 AT rraET
Relewant Standard: ASTM E4-10

Date of Calibration: 26-Jul-11 Customer Requested Due Date: 26-Jul-12
Customer

Mame: UNIVEREITY OF KANEAS

Aud dress: 1032 Learnad IHall, 15¢h 5t

Lawrenc=, KE 65045
WEAVERHMG KLLEDL

PO Contract Na.: SO00003E582

Cantact: JIM WEAVER

Machine Tramsducer

Mamufacturer: FORMNEY / SATEC Manufacturer: FORMNEY /SATEC
Sarial Mumber: G9082 Transducer [D: SI08S

System [D: FORNEY / BATEC-H9082 Capacity: SO0000 ot

Rangs Type: Single Type: Compressian
Classification

1. Digital Readout = PASEED

Certification State ment

This certifies that the forces verifisd with machine indicaton(s) (listed above) that passed are WITHIN % 1 % accuracy, 1 %
repeatahility, and zeno return tolerancs.

Allmachine indicators werne verifisd on-site a1 cusbamer location by Instron in acoordancs with ASTH E&.

The carti fication is basad on rums 1 and 2 anly. A third run & taken to satisfy uncertinty requiremens according to 150 17025
specifications.

Thiz veri Fication and aquipment usad conform to a contrallad Quality Assurance program which mests the spaci fications
auilined in ANSINCEL Z5&0«1, 120 10012, 120 3001: 2008 2nd ISDAEC 17025:2005.

Method

The testing machine was verified in the "as found’ condition with no adjstments carrisd ou.

Imstron CalproCR Version 3 .21
Tk vt e ad il om B ot P iend B o repeet s o e U M e I Bt it o o e da b B f it ol e i by B2 MWL AP

wcmnbatien @ W bt denbfalin Ge commm. Ay Rt olus w o s ol vefcann w3l bendisnn i G commimts. This et mad n bt wasd
i prd et endomsnanity WYL APGe the Unitad Sunss ovemmes This nipod diall nesse mpazdacad svssst i FL withot dat appenval of e fwuing
ECrery.
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CERTIFICATE OF CALIBRATION

WVLAP ACCREDITED CALIBRATION LABORATORY No. 2003010

Summary of Results
Temperature atstart of verification: 90. 10°F.

Indicator L = Ngital Readout {Thfy

CERTIFICATE NUMBER:
TIE0T2611142228E

Fage #of 4 pagea

Range ARTMES AETMES AETMES
Full 5cale Tested Force Rang= Mlax Wi Repeat Zera Resohution Lowver Limit
D] {1afy Mode Errar (35} Errar (35} Re=turn {Taf) (&)
104 =5 36 10-5003] 2 C 098 028 Pazs 1 200
Temperaiure atend of verification: 90.80°F.
Drata Polnt Summary - Indicator 1. - Digital Readowt (1hfy
COMPREESION
Run 1 Run 2 Run 3 ASTM ES Reltive Uncerimy of
Errar Errar Errar Repeat Error Unoerinty® *easurement®
% af Rangs {35} %) %63 {35} (5] (& Taf)
100 % Range {Full Scaler «60031 2 1hf)
1 <138 =170 <73 .28 0.23 13838
2 058 a7z 053 @15 @17 20452
2 aas a3 095 a0z 015 35652
7 055 144 057 aal @13 53830
1 a3l 30 030 aal Q.13 76558
20 <124 <125 #1123 anl a.13 153922
0 <311 <112 =12 aal @13 307562
L 123 #1023 =23 .00 o.13 5344640
100 <154 <155 <158 anz a.13 TER317
* T rerporied axpanded unsariaingy v bared on a vandard uneariately mulioled by 2 covevepe facior k= 2, providieg a vl of
ervrfldence of approdmaily $33%.
Data - Indicator 1. - Digital Readout {1bf)
COMPREESION
REun 1 Run I Run 3
Indicat=d Agpplisd Indicated Applisd Indicated Agpplisd
% af Range {1afy {Taf) {1af) {Taf) {1af) ({Taf)
100 % Range {Full Scale: 60031 2 1hf}
0 Return Bl «31 47
1 «H000 =153 .2 =575 =5790.48 5000 w088 2
2 =11900 =1 1831 .4 =11900 «11812.4 =11900 «11825.4
2 =23990 =23763.6 =23930 23767 .8 =24000 =23772
7 L2000 21720 L2000 21732 L2000 41722
10 =50000 =59812 =53930 =39512 =53930 =59508
20 «120000 =120285 =1 19904 «120198 =1 200040 =120275
0 «250000 «240272 «2£0000 «2E0252 «Z2£0000 «240292
i =2 20000 =220374 =2 20000 220950 =2 20000 220974
100 «535000 =539934 =596200 =503 12 «535400 =500495

Imstran CalproCR Version 3 .21
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CERTIFICATE OF CALIBRATION

WVLAP ACCREDITED CALIBRATION LABORATORY No. 2003010

CERTIFICATE MUMBER:
10E0T2E1114222BE

Fage 3of 4 pagea

The Rasurm a0 Tave solevance Ir =t Indiraior rerabeton, 0§ % of e marinun bree verifled v the range, or 136 of e bovent foree

wrilad in the range, whichever s greairr.

Graphical Data - Indicator 1. - Digital Read out (Ibf)

100%5 Range
12 Compression
aa //'/ q\
s ™ - Fun
£ . /i \\ & Rz
E /.’/-‘-\‘/ \\ 5:’ -_— ] O
W4 — .00
v / * ASTM E4 Eror Tolsrance
=048
=12
B ® § ®R g ~ ¥ a =~ o
Parcant of Range
Verification Equipment
Serial Caliration
MaleMaodel Wumher Deesicri ptiom Agency Capaxcity Cal Date Cal Due
Strainsense 3150E02 F1R0&02 load c=ll Imstran G00000 1.f JleSepall  3Eepall
Strainsenss 307490 0THE0 load cell Imstran 120000 1=f 1laMavell  11aMavall
Extech &2 5580 956305 femp. indicator Syprs WA 1 lnSep={9 1 1nSepall
Interface 9840 &7002 Farcs indicatar Imterface NA 2%Navell  29eNave]2
Verification Equipment Usage
Range Lower Limit far
Full Scale Standard Standard Class
(%% Serizl Number Mad= Perceny(s) of Range AFAL (b
100 EIR0a02 [ T 204070100 20000 /20500
100 30790 [ 124 5000 [ 5000

Inpiren pimdards are wraceable o NIST.

Th siandard Clasy A kover Bkt in wred for rysams with an accuracy of —~ 0% and the sandard Clars A1 kv lndt s wred for

Wrirms with an acemraey af Sk .85

Sandard forcer bave bare swmperamre comperiasd a8 nEcErary.

Comimne nts

Thi certificate replaces 1060726 11142228 1o r=flact the proper Machine MakaSerial Mumber.

Imstron CalproCR Version 3.21
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CERTIFICATE OF CALIBERATION TERTFICATENDWBER,

ME0T26111422286

WVLAP ACCREDITED CALIBRATION LABORATORY Mo, 200301-0
Fage 4 of 4 pagea

Verifisd y:  John Wekss

Fizld Service Enginssr

WOTE: Clams= 20 of ASTM E4 states; [t is nacommeended that testing machines be verified anmually or mone fraquenthy if
required. In no case shallthe time interval betwesn verifications exossd 15 months {exospt for machines in which long term
f=sirums heyond the 18 month period). Testing machines shall be verifisd immediatahy afier repeirs that may in amy way affsct
the operation of the weighing sysiem or values disployed. Verification is reaquined immediately after 2 testing machine &
relocated and where there & a reason 0 doubt the sccuracy of the force indicating system, regardless of the time nierval sincs
the kst verification.

Imstron CalproCR Version 321
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CERTIFICATE OF CALIBRATION

EEUEDBY:IMETRON CALIBRATION LABORATORY
DWTE OF IBSUE: 2Talul=11 CERTIFICATE NUM2ER: 1DBOT2T11095017 m l& p

Ll ooda 2003010

Inatran
Fady B25 University Avenue Fage 1 ol 5 pages

Nerwoad, MA02062-2543 APPROVED SHENATORY
INSTRON

John Weiss

Fax: (781} §75-5750
Bl servise_rog esta@ingtan sam

Type of Callbration: Force
Relevant Standard: ASTM Ed-10
Dete of Calibration: -dJul-11 Customer Requested Due Date:  27-Jul-12
Mame: UNIVERSITY OF KANSAS
Addrees: 1032 Learned Hall, 15:h 31
Lawremce, K5 55045
WEAVERHMEKLLEDL
PO antract Na: 000003544
Camast I WEAVER

Mamafactarer: FORNEY Mamafactarer: FORNEY
Saria] Namber: TE12E Transdacer 1D: TEIZS
Symem |D: Q501050761 25 Capacity: 400000 Taf
Rangs Type: Matd Type: Camprassian

1. Dial Indicatar= PASSED

This certifies that the farces verifisd with machine indicason(z) (listed above)) that pageed are WITHIN = 1 % accaracy, 1%
mpeaihility, and zeto retamn wlerance.

All machine indicators wene verifisd onesite 2t costaomer location by Insiron in eecaordance with ASTM E4.

The certification & based an rams | and 2 anly. A third ram i saken s sty meoermimy reqainements accarding o 130 17025
specificatians.

Th verification and sqaipmean med canfarm o2 contralled Qrality Ascorancs program which mest the mecifications
arrtlined in ANSIMNCSL Z540:1, 130 10012, 150 9001: 2008 and ISOIEC 170252005,

Th t=xiing machine was verifisd in the "as found' condition with no adj oemens carrisd gat

Imetran Calrol R Versian 3.21

T reaulor d on thw certsficate s the & y repaxt el only bothe semw vesfed | there sre methods or dis sciuded et sne oot covered by N VLAT
merecditaron iewsl] be icenofued o the coment. Ay Emriestions of ue s renu ot vwerifation will be sndicsted i the commente. The et e ot b ueed
o claem product endoenen by NVLAF o the Unced Stster gov emsnent. Than neport skl mot be nepm duced socept in Sl withot the appnoval of the tmeng
lsbomency.
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CERTIFICATE OF CALIBRATION

WYLAP ACCREDITED CALIBRATION LABDORATORY Na. 200301-0

CERTIFICATE NUMAER:
We0TIT11035017

Fage 2 215 2ages

Temperatores at st of verification: 8900 °F.

Indkestor 1. = [Mal Indlestor (b}

Range ASTME2 ASTM E2 ASTM E2
FullScale  Tesied Foroe Rangs Max Max Repeat Fema Resalusian Lawer Limit
%) (Bf Made Emar(l$)  Emar(d)  Retam (B (B
100 0030 10 L0003 C .40 036 Pass 00 100000
74 0048 1030018 C 032 030 Pass 175 7500

Temperatore at end af verification: #0.10“F.

COMPRESSION
Ram 1 RmnZ Run 3 ASTMES Belative Uncerainty af
Errar Errar Errar Repeat Errar Uncerimimiy® Measmement*
Yof Range (%) (%) (%) %) %) ]
100% Range{Full Scale: <4 DB Thi)
20 <004 <040 032 035 04l 151594
5 0.00 <032 025 034 047 455158
40 008 115 ] 0z7 03l SD0ETS
&0 008 =008 022 018 0zs 5853
& <034 027 003 oa7 0z 6889
100 =001 002 <002 001 0ls Rl 559
T.5% Range (Full Scale: ~30018 Ihi)
20 <008 011 <004 003 i) 3480
| =001 009 28 008 033 0288
0 <002 <032 =030 030 03D 15558
&0 <018 0,15 =070 003 a4l 73152
ED oa? s <04l 003 0315 REE2T
100 o0z <005 0.1é 008 02l 52974
* Tt rapmernicd axpowclicd swcarslmy I barad o e el Rekesllacd By e e k= 2, pravldleg o lvalaf

el e e manaty DI

COMPRESS IS
Run 1 Run 1 Run 3
Indicate=d Ammlied Indicaed Applied Indicat=d Agmli=d
% af Rangs {af} {Iaf} {Iafy {Iafy {Tafy (Tafy
100% Range {Full Scale: <L DB Thi)
QORetamn 1] ] 0
20 =B0000 =802 =B 0000 =B[22 =80000 =Bl256
25 = 100000 =100002 =100000 =1 00325 <1 00000 754
a0 = 150000 «160132 = 160000 =1 GO556 <1 S0000 «160730
&0 =240000 =219EM) =24 0000 =240192 240000 =2a0EL0
a0 =320000 =32 1085 =320000 =3 20E55 <3 20000 =319830
100 00000 =000 =395000 = 39505 96000 JRS05E
Imstram Calorol R Version 321
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CERTIFICATE OF CALIBRATION

WLAF ACCREDITED CALIBRATION LABORATORY Mo, 200301-0

CERTIFICATE NUMBER:
We0TIT1035017

Fage 3 215 2ages

Data - Indicator 1. - Dial Endieator {1

COMPRESSION

Ram 1 Run X Fun 3
Indicai=d Amlied Indicmi=d Agmlied Indicat=d Agmlied
% af Range {Taf} {Tafy {1aFy {Taf)y {Tafy {Taf)
T5% Range {Full Szale: 30018 Ihi)
ORetarn a a a

0 <5000 EUCE ] B L] <H0065 5000 <5003 5

30 <2000 <A001Z <S000 Q0084 <2000 SR8 2

40 12000 13002 4 o1 2000 12039 <1 2000 <1203 4

&0 « 18000 «I803Z 4 o1 S000 180T « 18000 «18127 2

80 « 24000 «2T9R1 R « 24000 «2T0E9E 24000 «24099 &

100 30000 22 R <0000 30018 <3000 X5 H

Teat Ratanrws 0 Tarer sodaraweat In = st Indlecnor raclandon, 0.0 % of sk moedsism Brce varifad be dee rasga, o 1% of thea levwa @ fovend
vr ! Lt reegd, whlohdras IF greras,

Giraphical Data - Indicatar 1. - Dial Indicator {1k

Errar (%)
(=

100%: Range
Compresslon

. T

z 2

8 7 #

Ferceni of Range

B Fuant
& FunZ
— 1.00%"
- 00"

" ASTM B4 Error Tadleranoe
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CERTIFICATE OF CALIBRATION EaTEoTIaOEs

We0TIF 1105017

WLAF ACCREDITED CALIBRATION LABDRATORY No. 200301-0

Fage 4 ol § pages

TA% Range
ia Compression
048
- a4 4 Funi
£ o |t & Funz
E W — 100%
a4 - -1.00%"
" ASTM E4 Error Toierance
Ll ]
o2

E E E E E E =

Rersenl of Range

Serial Calibration
M= Maodz] Namber Dexciprtion Agency Camacity Cal Da= Cal Due
Extech 445580 F5HA0S temp. indicasar Sypris NA 1Fepld  11aSepsll
berface S840 STO0E frce indicatar Izperface NA FuNaveld  ZhRMNowl2
Seraimmerse J080402 3080402 load cell Imstram 00000 16f IDFepeld  MeFemall
Srraimmemse 930NED 93070D load 21l lzstram 120000 1af 1eXNaveld  1laMavell
Range Loyever Limit far
Full Scale Sandard Sandard Class
(%) Sarial Number Made Percemis) of Range A LA (IR
100 08002 C 2025 0S0VE0 100 20000 [ 20500
75 30RO c 20/ 30 OHOCE0 100 0007 5000

Fentre Ramclardd ava trackable i NIST.

That Rl Chons A kowae \onls 1n wirad for masens witk o aeesracy of 5 0% omd tea Ixredard Clann 4 ) lower b 5 grad o
Iyt wiltk aw aecsraey o+ 0LTH.

Bawdard forts kavi b d ey "

¥ ¥

Irestram Ca'lorol R Version 321
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CERTIFICATE OF CALIBRATION

WLAP ACCREDITED CALIBRATION LABDORATORY Ma. 200301-0

CERTIFICATE MUMBER:
We0TZT110a5017

Fage 5 of§ mages

Verifisd fy:

Lo Wedex
Field Service Engineer

NOTE: Clease 20 of ASTM Ed sitex; [t & moammended 1 hat texting machines be veri fisd anmally ar mane frequen by if
mquined. In o case shall the dme imenal between verifications exossd 18 manths {excem for machines in which lang =rm
et mums beyond the 18 manth period). Testing machines shall be verifisd immediately afier repairs dhat may in any way affect
the opeatian af the weighing sysem ar valees displayed. Verification i requined immediately afier a t=xting machine iz
mlacated and whene theres i 2 resson 20 do bt the accaracy af the force indicating sysem,, regard e of the tme imeral sine

the kst verification.

Irstran Cakrol R Versian 321
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CERTIFICATE OF CALIBRATION

ESUEDBY:INZTRON CALIBRATION LABORATORY

DATE OF IZSUE: 28Ju-11 CERTIFICATENUMBER: 1080726811181214 [INK] l & p

Lab coca FO0301-0
Instron
m 825 Linfversity Avenue Fage 1 afd pages
INErnuN, Morwoad, MAD2062-2543 APPROVED SISNATORY

Telaghane: @00) 473-7838
Fax: {781} §75-5750
Email: service_requasisf@iinston. sam

John Weiss

Type of Callbration: Force
Relevent Stendard: ASTM Ed-10
Date of Callbration: 2E-Jul-11 Customer Reguested Due Date:  2&-Jul-12
Tame: LUNIVERSITY OF KANSAS
Addrecs: 1032 Learned Hall, 15h 3¢
Lawramos, K5 S5045
WEAVERHME KL EDL
PO Cantract Na BOOO003648
Camact: JIIMWEAVER

Mamafactarar: FORNEY Momafactorer: FORMNEY
Seria]l Namber: a2118 Transdacer 1D: 218
Sysem 1D QC-A00C82118 Capacity: 200000 [af
Range Tyvpe: Hingle Tvpe: Compression

1. Dial Indicasar= PASSED

Thiis certifies that the farces verifisd with machine indicasn(s) (lisied above)) that passed are WITHIN £ 1 ¥ accunacy, 1 %
mpeaiahility, and mera retarn salkerance.

All machine indicators were vetifisd cmesitz 2t customer kcation by Insiron in accordance with ASTM E4.

The certification & hased on rams | and 2 only. A third ram i aken 0 stify mesrainty requiremens accarding o 150 17028
specificatians.

The verification and squipmen t meed conform to & contralled Graality Assorance program which meets the specifications
aratlined in ANSIMNOSL Z840:1, 130 10012, 150 9001: 2008 and ISOVIED 170252005,

Th t=xting machine was verifisd in the "as fomnd' condition with no adjeemems carrisd qat

Imstron Calrol R Version 321

T rewuly ok d on thew certefrate wxd the & g reps el only bt e vesfed | e wre methioc or detw snclucded dhat e ot covered by g WVLAF
wecrediation dwill be idefed mn e commente. Any Erctatiom of us ss nenlk it v fioston will be ndicsted in the commete. Thes report mut ok be wed
& claim ot exdowenes by NVLAF o e United Saeo govemmnent . Thin neport skl e be neprachuced sooege in S0, without the apaoval of e Gausng
.
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CERTIFICATE OF CALIBRATION

WLAP ACCREDITED CALIBRATION LABDORATORY Na. 200301-0

CERTIFICATE NUMBER:
WE0T2811181214

Fage 2 274 zages

Temperatores at s of verificatian: 93 20 °F.
Indlestor 1. « [Hal Indleator {Th}

Range ASTMES ASTM ES ASTM E4
Full Scale Tesizd Faree Renge Max Max Repeat Zera Resalution Lerocer Limit
) (Iafy Madz Errar (%) Emar {4} Retum {Taf) {Taf}
100 Pra BT W w1 c 072 040 Pass 250 E0000

Tempematare at end af verification: 9330 °F.

COMPRESSION

Rum 1 R 2 Rum 3 ASTME4 Relazive Uncerminty of
Errar Errar Errar Repeat Emmar Unceraimy™® Measmemem*
%af Renge (] [ (%) (%) %) iz B
100% Range{Full Sesle: «3 77702 Ihf)
5 <020 0z0 050 040 077 1729563
10 o7 <015 03l 032 047 157799
20 sl 0.55 <017 00ns 0ss 4L
15 024 040 047 014 0zl ZESS29
] o <028 050 033 017 TIAELT
] <027 005 008 0zl 04 TORAZS
oo of) T2 0 53 33 019 0246 AETHET
* Th reporid axpemcicl swcarialey It barad oxa e very mealtipdled by o il ety = 2, peovidieg o bnalal”
exefclamdf appaE matly D13

COMPRESSION

Run 1 Run 2 Run 3
bidicasd Agmliad Indicazd Agmliad Indicazd Agmliad
% af Rangz {Tafy {Taf} {1afy {Taly {Tafy {Tafy
100% Range {Full Scale: =3 7TH2 Ihi)
ORetarn ] a a
5 22500 =ZZ545 =2 2500 =45 =22500 22388
1 <0000 =101 <A 0000 <A00A0 L0000 S10ETE
0 SO0 =TI5 16 <E 0000 TS5 <ROO00 SEI13L
15 = 140000 «132438 =1 40000 =] 39y B =139325
EL] <0000 <199R1L 200000 200510 20000 Bt ot
75 < 00000 <3O0T9E =000 300174 SBO000 B el
L]} =375000 =377 =37 5000 =3 TEREL 375000 =3TE230
Tea Rt b Zaey e 15 = ke Ul e, £, 9 aed rcsaom o et v Ll e ke mevpty e |3 e Mm@ e

verlflict L th peepd, wlelchdvar 15 grda o

Imstram Calprol R Wersion 321
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CERTIFICATE OF CALIBRATION EETEoENIeE
WB0726111681214
1 1 13040
WVLAP ACCREDITED CALIBRATION LABDORATORY Na. 200301-0 Fege 3 a14 zages
Grraphical Data - Endieator 1. - Dial Indicator {11y
100 Range
is Compresslon
X
= o - Runt
- a @ FunZ
E o — 100%"
= a4 + = 1 00%"
_l/ * ASTW E4 Ervar Toaranse
|
W2
E 2 8 # 7 = 7 =
Fercant ol Range
Verilication Equipment
Serial Caliloratian
Yk Ndode] Numbher Diescripwtian Agency Cagmcity Cal Daze CalDae
Exiech 445580 S5EER05 emp. indicasr Sypris N 1lSeq(®  11aS2psll
Izrface S840 ATO0Z force ndicasar Imierface Y DNoweld  HuNowl2
Srainsense J080402 J080402 load cell Izsiram S000DD 1iaf HFepeld  IeFemell
Verilication Equipment Usage
Range Laever Limit far
Fall Scals Sandard Sandard Class
L] Serial Mumber Made Percem(s) of Rang= AT AT (TaFy
100 I0E02 [= S102035 575100 20000 720500

Fersrow nicredards cre srocaela i NTST.

it pacwckerd Clann A levedr L

rpdn itk ow secsegey of . 0LTH.

Savelard et karvd bade umparonsre eompaniou o8 R eniary.

Comments

Werifisd fy:

Imiran Calorol R Versian 321

Jatm Weiss

Fizld Service Engineer

b br senied fooe Tymiam wltk a Seespacy af + 0% and v Rmedord Clans A1 leee bl In sradl o
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CERTIFICATE OF CALIBRATION

CERTIFICATE MUMBER:
We0T2811181214

MLAP ACCREDITED CALIBRATION LABORATORY Nao. 200301-0

Fage 4 of4 zages

NOTE: Class 20 of ASTM E4 sates; [t & moommended 1l t=xting machines be veri fied ammmmally ar mare freqoem by if
mquired. In no cese shall the tme imenval hetween verifications exceed 18 manths {excem for machines in which lang term
izxt rums heyand the 18 mandh period). Testing machines shall be verifisd immediately afier repairs fhat may i any way affect
ihe aperatian af the weighing sysem ar valees displayed. Verification i requined immediaely afier a testing machine is
mlocated and whens there i 2 reason 10 doubt the accaracy af the farce indicating sysiem,, regard lex of the time imerval snoe
the last verification.

Irwram Calrol R Wersion 321

235



