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Evaluation of Unbonded Concrete Overlay
Project IR-25-3(77)

Final Report
May 1992

I. Literature Review and Problem Discussion

One of the proven, but not widely used methods, in rehabilitation
of concrete pavements is unbonded concrete resurfacing. Many
types of concrete resurfacing has been used since early 1900's in
alrost every state. Performance data indicates that a relatively
low—maintenance service life of twenty years can be expected
using variety of concrete resurfacing techniques. These findings
are documented in the Transportation Research Board (TRB)
Syrnthesis Report number 99, "Resurfacing With Portland Cement

Concrete'.

One of the primary reasons that concrete resurfacing is not as
porular as asphaltic resurfacing, is their higher initial cost
and the complexity of their construction. However, longer life
and lower cost of maintenance associated with concrete
resurfacing have caused many states to re-evaluate and choose

coricrete resurfacing over the traditional asphaltic resurfacing.

A review of literature on the subject of concrete resurfacing

revealed that the performance of a resurfacing is closely related



to the condition of the existing pavement. In general there are
three types of resurfacing techniques termed bonded, partially
bonded, and unbonded. Selection of each technique requires a
thorough investigation of the existing pavement condition. The
following is a brief description of each resurfacing technique.

Bonded Overlays:

The procedure for using bonded overlays includes meticulous
cleaning of the existing pavement surface, application of a
bording medium, and careful placement and consolidation of the
resurfacing concrete (1). The condition of the underlying
pavement plays a major role in overlay performance. The joints
for the bonded overlay must match the joints of the existing
pavement. The use of bonding grout may not be necessary to
achieve adequate bond and when used, is best applied through
mechanical sprayers (2). This type of rehabilitation technique
should not be used for severely distressed pavement.

Partially Bonded Overlays:

No special attempt to achieve or prevent bond between the
resurfacing and existing pavement is required. Minimal surface
preparation is necessary and normal concrete mixture,
construction practices, and curing procedures are used. This
method of rehabilitation was primarily used to increase the load-
carrying capacity of structurally sound concrete pavements during
the 1950s and early 1960s (3).

Untonded Concrete Overlays:
Unkonded overlays are primarily used for resurfacing of existing

pavements in which distress is so advanced that it cannot be

economically eliminated by repair before resurfacing (1). Unlike



bonded overlays, the unbonded overlays do not require meticulous
cleaning of the existing surface pavement, other than the removal

of any loose or foreign materials.

One the significant advantage of the unbonded overlay over the
bonded overlay is that it does not require matching of the
existing joints. According to reference (4), deliberate
mismatching of the overlay joints could extend the service life
of the overlay. Mismatching of the joints allows the leave slab
to bridge the joint or crack and avoid cantilever deflections and
punping action beneath the existing slab. This phenomenon is

schematically shown in Figure 1.

Selecting a proper interlayer material plays an important role in
the performance of unbonded overlays. There are many types of
separation mediums; however, studies show that bituminous based
materials provide the best results as an interlayer material. The
separation medium should cover deterioration in the existing
slabs and ensure isolation of the overlay (5). Reflective
cracking can be minimized or totally eliminated using a proper
and adequate amount of interlayer materials. It is deemed
necessary to repair the unstable area of the existing pavement
prior to resurfacing. Badly shattered and deflecting slabs

require full-depth replacement.

One of the primary problem associated with the unbonded overlay
is the development of the transverse cracking caused by thermal"
curling" (Figure 2). Thermal curling is the result of
terperature differential through the depth of the unbonded
overlay slab. The curling action of the unbonded overlay is not
significantly restrained at the interface, as it is on a bonded
corcrete overlay; therefore, the slab may actually lift off the
underlying slab (4). 1lifting will cause a void between the
existing pavement and the overlay. 1In a heating situation



Cantilever Deflection Profile

Dampened Deflection Profile

Effectiveness of mismatched joints in
inhibiting development of faulting and pumring

Figure 1
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(daytime curling), the slab curls upward creating a void in the
center. In a cooling situation (nighttime curling), the slab
curls downward creating voids at the corners. Curling stresses
in conjunction with load-related stresses eventually cause the
overlay slab to develop transverse cracking. The transverse
cracks are normally initiated at mid-slab, where the tensile

stresses are the greatest during rising temperature Conditions.

To mitigate the problems associated with high thermal curling,
short joint spacing or continuously reinforced design is
recommended. According to reference (4), the joint spacing, in
feet, should not exceed 1.75 times the overlay thickness, in

inches, for the unbonded overlays.
II. Objectives
The primary objectives of this study were:

1- Compare and evaluate the performance of an unbonded
overlay (7-3/4 inch) with and without tied shoulders.

2- Monitor the performance of a thinner slab section (6-

1/4 inch) with tied shoulders.

III. Unbonded Concrete Overlay In Colorado

A. 8ite Description:

The subject project is located on a gently rolling terrain 50
miles north of Denver between mileposts 243 and 254, and was
built in the early 1960's (see Figure 3). The eleven-mile
roadway was experiencing an Average Daily Traffic (ADT), in
excess of 29,000 vehicles with 15 percent of that volume
congisting of heavy vehicles. The four-lane highway had concrete
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slabs that were eight inches thick and constructed on an
untreated aggregate base (6). Joints were plain and non-

reinforced, with transverse joints spaced every 20 feet.

There was no load transfer across these joints except that
provided by the aggregate interlock at the broken joint faces
(6). The roadway had ten-foot outside and four-foot inside
asphalt shoulders (three inches thick). A review of the

existing pavement showed that approximately 90 percent of the
slabs in the driving lane were cracked and the serviceability
index of the pavement was rapidly declining. The passing lane
was in much better shape than the driving lane. Only 3 percent
of the slabs in the passing lane were cracked. Only the
critically unstable and broken slabs in the driving lane required

removal and replacement.
B. Design Procedure:

The pavement design approach used for this project is presented
in Appendix A. The design criteria used to compute the
thickness, included visual evaluation of the entire existing
pavement, traffic analysis, and structural evaluation. To
alleviate the high tensile stresses caused by nighttime and
daytime curling action, a shorter joint spacing was specified. A
random joint spacing of 12', 15!', 13', and 14' was established

for the entire project.

Aprendix B shows a typical joint sequence and joint design. Also
included in Appendix B is a copy of the mix design and aggregate
gradation for the project. A Class F Fly Ash was added to the
concrete mixture to resist the alkali/silica reactions that had
previously occurred on portions of this interstate highway.



C. Pre-Overlay Repair:

The twenty-five year old portland cement concrete pavement with
high traffic volumes as well as heavy truck traffic performed
gquite well over the years. Badly broken, shattered, and unstable
slabs were removed and replaced as part of construction. Only
one percent of the slabs in the travelled lane required removal.
Phctograph 1 shows a typical slab that required removal. None of
the slabs in the passing lane required removal.

No improvement were made to the underlying base course, but
replaced slabs received improved load transfer across their
transverse joints with the addition of inserted dowels - three in

each wheel path (Photograph 2).

Appendix C shows the mapped areas of the slab removal and details

of patching for the entire project.
D. Separation Medium:

Prior to the placement of the new pavement a thin bond breaker
consisting of emulsified asphalt with minus 3/8 of an inch chips
was placed over the existing pavement. The primary reason for
applying the thin bond breaker (1/4 of an inch thick) was to
prevent bond and reduce the possibility of reflecting cracks from

the underlying PCCP.

The emulsified asphalt was applied at the rate of 0.4 gallon per
square yard.

E. Construction:

The IR 25-3(77) project was the state's first thick-unbonded
concrete rehabilitation over PCCP. The nominal thickness of the



Photo 1: A typical slab that required removal

Photo 2: Insertion of dowels - three in each wheel path to
improve load transfer for the replaced slabs.



overlay was 7-3/4 inches and the standard section included tied
shoulders. Photographs in Appendix D demonstrate parts of the

construction and paving operation.

The mainline 7-3/4" concrete pavement overlay was poured in two
phases. The first phase consisted of overlaying twenty-eight
feet of the roadway, including the two travel lanes and the
inside shoulder. The second phase consisted of overlaying the

ten-foot outside shoulder.

Three test sections were established on the southbound lanes to
evaluate and monitor the overlay's performance with and without
tied shoulder and also with a "thinner" slab section (Figure 4).
These test sections were established in the following order:

Site # 1 thin section (St. 221+50 - St. 226+26)*
Site # 2, without tied shoulder (St. 550+00 - St. 555+00)
Site # 3, with tied shoulder (St. 561+00 - St. 556+00)

* Note site # 1 (thin section) was omitted from the
study. The reason for the omission was that the cores
taken from the thin slab section showed that the tie bars
were not embedded in the slab but were placed loosely in
a drilled hole. This was due to an uncorrected
construction error. As a result, the deflection data
taken from the thin section showed a much higher
deflection (over 100 percent higher) than that of control

section.
Failure of the paving equipment combined with improper

inspection during shoulder placement resulted in drilled
holes for tie bars that were not grouted before shoulder

11
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placement. As a result, the data from the thin slab
section is considered invalid. Photograph 3 and 4 show

the extracted cores from this section of pavement.

Iv. Data Acquisition And Analysis

A. Deflection:

Falling Weight Deflectometer (FWD) deflection data were acquired
for individual slab in both the tied and the un-tied shoulder
sections. These deflections were acquired at mid-slab and at the
corner by applying a dropped weight equivalent to a 9,000 pounds
wheel load (Figure 5). Figure 6 through 11 compares the
deflections taken at mid-slab and at corner for the tied and the

un-tied shoulder.

As it can be seen the magnitude of the deflections for the tied
shoulder section are consistently lower (approximately 73 percent
lower) than the magnitude of the deflections in the un-tied
shoulder section. In addition, the rate of load transfer for the
tied shoulder is significantly higher (approximately 260 percent
higher) than the un-tied shoulder section. These findings
indicate that tied shoulder is doing what is expected,
transferring load to the shoulder and increasing the load-

carrying capacity of the driving lane.
B. Visual Investigation:

Visual investigation of the pavement surface revealed no
appreciable distresses for both the tied and the un-tied

shculder sections. Only one corner break was found in the un-
tied shoulder section (Photograph 5). The shoulder/lane drop-off
was quite evident in the un-tied shoulder section. In some

instances the elevation differences between the shoulder and the

14
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Photo 5: The only corner break in the Un-tied shoulder section.

Photo 6: Elevation differential between the driving lane and the
shoulder in the un-tied shoulder section.



driving lane was in excess of one inch for the un-tied shoulder
section. Photograph 6 clearly demonstrate this elevation

differential.

In general, both sections appeared to be in excellent condition
after 8 years of service. It is possible that more time is
needed for the Un-tied shoulder to show any further distresses.

C. Roughness:

The right wheel path (RWP) and the left wheel path (LWP)
roughness was measured using a Ames Profilograph. Figure 12
compares the roughness in the tied and the un-tied shoulder
sections. As shown in Figure 12 the magnitude of roughness in
the un-tied shoulder section is much higher (approximately 60
percent higher) than the magnitude of roughness in the tied
shoulder section. This significant increase in roughness for the
un-tied shoulder section suggests that tied shoulder play an
important role in keeping the driving lane smooth. The roughness
data was acquired 7 years after the construction. There are no

roughness data available immediately after the construction.

Smcother roadways are less sensitive to the adverse effects of
dynamic load exerted by heavy trucks. Tied shoulder should not
only provide a smoother pavement surface, but should also

increase its performance.

v. conclusions And Recommendations

Based on the findings of this study and the literature reviewed

the following are presented:

Unbonded resurfacing is a viable method for rehabilitating
existing rigid pavements that are badly distressed (excessive

20
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spall, corner breaks, and cracking) and cannot otherwise be
economically repaired. Unlike bonded overlays, the unbonded
overlays do not require meticulous cleaning of the existing
surface pavement, other than the removal of any loose or foreign

materials.

The unbonded overlays do not require matching of the existing
joints. Deliberate mismatching of the overlay joints could
extend the service life of the overlay by inhibiting the
development of faulting and pumping at the base of the
underlying slabs.

It is deemed necessary to repair the unstable areas of the
existing pavement prior to resurfacing. Badly shattered and
deflecting slabs (rocking) require full-depth replacement.

Selecting a proper interlayer material plays an important role in
the performance of unbonded overlays. Reflective cracking may
results if a proper and adequate amount of debonding medium is
not used to separate the overlay from the existing slabs.

Thermal curling stresses are a major problem for the unbonded
concrete overlays. To mitigate the problems associated with high
thermal curling, short joint spacing is recommended. The joint
spacing in feet should not exceed 1.75 times the overlay

thickness in inches.

Tied shoulders increase the load-carrying capacity of the driving
lane by transferring load to the shoulder. A review of the
deflection data taken in the tied and in the un-tied shoulder
revealed consistently lower deflections and higher load transfer
for the tied shoulder section. Deflections were approximately 73
percent lower and the rate of load transfer were about 260
percent higher for the tied shoulder section.

22



Elevation differences between the shoulder and the driving lane
were quite evident (in excess of 1 inch in some instances) in the

un-tied shoulder section.
Roughness data taken using a Ames profilograph showed the
magnitude of roughness to be much higher (approximately 60

percent higher) for the un-tied shoulder section.

The preference given by the 1986 AASHTO Design Guide to the tied
shoulders were confirmed by the finding of this study.

23



VI. Implementation

The results of this study demonstrated that unbonded overlays if
properly constructed can be a viable method for resurfacing badly
deteriorated rigid pavements. This technique has already been
used successfully on a thirteen mile stretch of I-25 north of

Derver in Colorado.

The use of unbonded overlays, where suitable, is recommended,
alcocng with close attention being paid to design and construction
details. Furthermore, we recommend the use of tied shoulders over

the un-tied shoulders for unbonded overlays.

24
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PROJECT I 25-3(77) SH 66 to SH 6u

THICK CONCRETE OVERLAY

THICKNESS

(Unbonded)

20 year 1B K EDLA 1696
Sub-Grade Soil  ( Average) A-6(10)
Sub-Grade "R" Value (Average) 10
Gravel Base Thickness 6"
Working Stress 500
New Design (on existing support)

K Value on Sub-Grade 110

K Value on Gravel Base 140

Required Thickness (T) 10 1/4"

Overlay Design (unbonded)

T = 10.25 To = 8"
C= D.5
TR:—\/ 12 - ¢ 12

\/ 10.252 - .5(8)2

TR

Overlay Thickness Required (Tg) = 8 1/2"
for Tied Concrete Shoulder

Use 7 1/4"

Minus 1.3" Reduction
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DIVISION OF HIGHWAYS

P.0. Box 850
Greelay, Colorado B0832
(303) 839-3575
DATE: February 24, 1984 IR 025-3(77)
10 North of SH 119
: K. F. Mauro/P. Hinckley

Room 406 DOH File 44100

FROM: David D. Davis -

SUBJECT:  gtabilization

The stabilization has been completed on the above-captioned
project from Station 176+ to 760+, S.H. 66 to Johnson's Corner.
A thick unbonded concrete overlay will be used to rehabilitate
the existing concrete pavement. A life cycle cost analysis
has been completed and submitted separately to support the
choice of the thick unbonded concrete overlay.

Stabilization for the mainline is based on the CDOH Design
Manual procedure for new pavements. The equivalent new pavement
thickness was then adjusted to determine an overlay thickness using
the procedure described in Rehabilitation For Concrete Pavements,
Report No. CDOH 83-1 for unbonded thick concrete overlays. The
overlay thickness was then madified to account for the tied concrete
shoulders. Attached is a tabulation describing the pavement overlay
design and the resulting overlay thickness required. The crossroads
thicknesses are established from Dynaflect Analyses.

The mainline 7% concrete pavement overlay will be poured in two
phases. The first phase will consist of overlaying-twenty-eight feet
of roadway, including the two travel lanes and the inside shoulder.
The second phase will consiat of overlaying the ten-foot outside
shoulder. The old concrete and new concrete will be separated by %"
bond breaker consisting of Emulsified Asphalt applied at ‘0.4 gallon-
per sq. yd. The ramps will also be 7%" concrete pavement overlay.
The crossroads will be overlain with hot bituminous pavement. The
source of aggregate will be undesignated. Estimated quantities are:
Concrete Pavement Class P (7%") (Sq. Yd.) - 449,329,

We submit the above data for information and are proceeding with
design of the project on this basis,

ROBERT CLEVENGER
CHIEF ENGINEER

CeCc (>
Albert Chotvacs
District Engineer

DDD:mbs

Attachments

cc: R. Clevenger L. O'Connor —
W. Reisbeck D. Davis
J. Peterson S. Tapp
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Empire Laborzatories, Inc. 5] s 5 B S

GEOTECHNICAL ENGINEERING & MATERIALS TESTING 214 No. Howes ¢ Fort Collins, Colorado 80522

May 24, 1984
L JI5-3 ('77)

Sterling Companies
P.0. Box 2187
Fort Collins, Colorado 80522

Attention: Mr. Roger:Sterling

Re: Physical broperty tests - proposed aggregate for concrete
Three-Bell Pit Stockpile Sample
ELI Project No. 5604

Gentlemen:

Attached are results of laboratory tests performed on the above-referenced
aggregate sample received in our laboratory on May 10, 1984. As requestad,
the following tests were run on the sample: a wash-sieve analysis, L. A.
abrasion, sodium soundness, and specific gravity and absorption. The wash-
sieve analysis was run on the sample as it was received in our laboratory,
while the L. A. abrasion test was performed on the coarse aggregate only.
The sodium soundness test was run on both the +#4 and -#4 fractions, and the
specific gravity and absorption were determined for the -1" to +#4 material.
The tests were performed in accordance with AASHTO procedures.

We appreciate this opportunity to serve you. If you have any questions
regarding the test results, please feel free to contact us.

Very truly yours, -
| EMPIRE LABORATORIES, INC. - -
Zond Fenonntolo.

Carl Tarantola
Jr. Engineering Geologist

Reviewed by:
gt daie

Chester C. Smith, P.E.

President
Colorado Registration No. 4808
kah
attachments
Branch Offices
P.C. Box 1135 P.C. Box 1744 P.O. Box 10076
Longmont, Colorada 80502 Greeiey, Colorado 80632 Cheyenne, Wyoming 82003
(303) 776-3921 (303) 3510460 (307) 6229224

Member of Consulting Engineers Council




Sterling Companies _

May 24, 1984 E )

Re: Physical property tests - proposed aggregate for concrete
Three-Be11 P1t Stockp11e Sample

' WASH-SIEVE ANALYSIS

e ' S'IEVES'iZE % Passing
e ) 97.8
e, = 83.4
i ajgr 75.2
A | 59.6
R T - I 50.2
BRI 33.2
430 20.9

#50 h‘ 10.6
f,i#Tdd" ' 6.2
‘T'f#zoo ‘ - 3.9

AASHTO T 85 Bu1k Spec1f1c Grav1ty and Absorpt1on of Coarse Aggregate |
(Saturated SurfacefDny Bas1s)( I“ to +#4 fract1on) 7

o Specif1c Grav1ty 2.64
‘aiAbsorption = 0. 33% .

AASHTO T 96 Resistance to Abra51on of Sam11 S1ze Coarse Aggregate hy Use ff
of Los Angeies Mach1ne REES , L

.416rad1ng B, OO Revo!ut1e"s
e Height Before Test = 4990.7g.
:7:;;;5:i5Aff7x_'- we1ght After Test 3251.49.

N s Wear 34.8%

““ﬁASHTo-MESCfSpécifjcatfdn:' 50% Maximum




Sterling Compames .
May 24, 1984

~ Re: Physical property tests - proposed aggregate for concrete

s, Three-Bel] Pit Stogkp11e Sample
AASHTO T 104, Soundness of Aggregates by Use of Sodium Sulfate (5 Cycles) -

S1eve S1ze Grading of* " Weight of Loss, welghted

g
#16
'#301{if
»r#so‘””

Pa551ng Retained  _Sample, #  Test Fraction, gram % Loss, %

Coarse Aggregate.:;-;;‘_. . o |
1172 R L - - -
™o 3/4" 5.3 509.5 0.1  0.01 -
e . . T 30.2 671.2) 0:1  0.06
/28 5.5 3/8" ~ 30.3 331.8)

38 44 34.2 300.0 1.5 0.51

Totals: 100.0 0.58

. 'AASHTO M 80 Specification: 3 12% Maximum

Flne Aggregate‘i  o _
3/8"",H.,} $4 2.8 100.3 1.1 0.03
e B X 100.0 1.1 0.08°
R/ K- 100.1 0.3  0.08 - -
S5 2040 ©100.0 1.5 0 0.30
e 2.5 ©100.0 1.8 0.41.7 "
Totais' e —;?"""'100 0 0.90
AASHTO M 6 Spec1f1cat1on 10% Max1mum

‘V‘f AASHTO MTASﬁaﬁd M 6 averaged gradings




Project = R‘ 2"5 5<77)

STATE OF COLORADO
Location S, H- 119 - Npg. oN X285

DEPARTMENT OF HIGHWAYS

DIVISION OF HIGHWAYS Fine Aggregate Fiéld Sheet No. ' OO IS
DOH Form No. 330 Coarse Aggregate Field Sheet No. $ AWAZ _
Revised: August, 1982 Date Submitted -7 -8R<
o) :
PAGE 1 ] S% &S
TEST OF CONCRETE AGGREGATES
LOCATION OF AGGREGATE SOURCE AND SUPPLIER.
FINE AGGREGATE %:\ - &_\.4(”
StepbiNg
COARSE AGGREGATE iikw\e,
SCREEN ANALYSIS (Fine Aggregate)
As
% Passing Rec'd. Specs. Sp. Gr. (Bulk, z (A
3/8" AN 100 Sat. Surface Dry) &
#4 [N 95-100 %z -#200 2.0
i#8 q4 % Absorption 9.8
16 1 45-80 Colorimetric Cleari
30 44 % Soundness
50 \"7 10-30 (Sodium Sulfate) -
100 =3 2-10 Sand Equivalent i
Fineness
Modulus <49 2.50-3 5 zhs
SCREEN ANALYSIS (Coarse Aggregate)
Primary ‘/ \ i
Size \ s 3’/4— Combined Specs. Specs.
to 2/a  to# \ ‘gg ’;% o
. ey
Passing
2" | 50 ESSTREREN! Sp. Gr. Bulk, SSD 3/4" R. el
15" 9D N | 1S fiery Sp. Gr. Bulk, SSD 1%" 2, ‘L
i 2.8 LD b —_ % Abrasion
3/4" - ]~ %ﬁ 55{2[@ ) % Absorption 3/4" Q.‘?
/2" [ 4\ | ~ % Absorption 1%" e
3/8" \ AL 11 1o/ ;g % Soundness —
i ! 3 A o /< (Sodium Sulfate) L
#8 S o !
1t
Aggregate Size f/a to ‘3/4-" %

D\S"\-L\-

* Indicates éff\ NOP\

deviation from

"/4—’ toFlh Sm

specifications.




STATE OF COLORADO
DEPARTMENT OF HIGHWAYS
DIVISION OF HIGHWAYS
DOH Form No. 330
Revised: August, 1982

PAGE 2

Class of Concrete

% Fine Agg. by Absolute Vol.

Air Entraining Agent

Quantity of Air Entraining Agent
Admixture

Quantity of Admixtu

Mgster PAvE

r
Cement: Sourcef&q.dBQﬂ&ﬁﬁU\ Typ;EC

Cement AYgN\ Clinker  Lbs. .
Fly Ash UNDR'O‘:Q, J Lbs.'E"

Fine Aggregate Lbs.
Intermediate Aggregate Lbs.
Coarse Aggregate Lbs.
Miscellaneous Aggregate Lbs.
Water Lbs.
Water Gals.
Slump Inches

Water Cement Ratio (% by Weight)
Cement Factor (CWT per Yard)
Gals/CWT

WEIGHT PER CU. FT. OF CONCRETE:

T. Theoretical (calculated-air free)
C. Theoretical (calculated 5 % ailr)
W. Determined (actual Wt./cu.ft.)

Air Content Air Meter (Total Air)
Air Content -

Gravimetric Method %Z A = I-W

T

Compressive Strength (P.S.I.)

Average

Compressive Strength (P.S.I.)

D-‘S*_ (.\_ Average

X 100

{

ProjectIR ;\6' \?) ( —(-(.>

Location S H.\19 - Ny onN T 235

Sand Field Sheet No. [an (S
Gravel Field Sheet No. 4/MMAQ

05385

PEA=

SR
PAve AR

8.0 ars,

;Sf S O6ZS
)

({o

|| O

945

_ 945

Q

28 Q

0.9

Y

LR

1S0.9

\“%—gﬂ'L

4.3

3.8

7 days
2669
29
A.300

28 days

NOTE: Quantities shown for admixtures are for information only.

roarks: HAAL Mix. Msde USING South Wes'epn pe I LA
(utasl ChiNkep) Cemend ; New Blend MAde JuNE 1388,

M.x Re qyes,red bLh contRacto R, 1SinG e r\e.\uly

lenMed camant

Staff Materials Engineer



AT e = &L, o
STATE OF COLORADO Project —— K2as- 3 ( < 1)

DEPARTMENT OF HIGHWAYS Location ‘v . bt - {14 . F\x. oh 25
DIVISION OF HIGHWAYS Fine Aggregate Field Sheet No. 100 |S
DOH Form No. 330 Coarse Aggregate Field Sheet No. SOl .
Revised: August, 1982 Date Submitted g - ©- 86

A3 8g
PAGE 1

TEST OF CONCRETE AGGREGATES

LOCATION OF AGGREGATE SOURCE AND SUPPLIER:

FINE AGGREGATE __ o -~ Re L\
Sl NG

COARSE AGGREGATE A QM2 __

SCREEN ANALYSIS (Fine Aggregate)

As
% Passing Rec'd. Specs. Sp. Gr. (Bulk, 4’-
3/8% L0 100 Sat. Surface Dry) A lo
A 1816 95-100 % -#200 2.0
#8 84 % Absorption 2.8
16 NS 45-80 Colorimetric cleg
30 44 % Soundness
50 7 ~ 10-30 (Sodium Sulfate) —
100 = ] 2-10 Sand Equivalent PPN
Fineness
Modulus =, . 6\_: 2.50-3 %;:
SCREEN ANALYSIS (Coarse Aggregate)
Primary ST YA
Size I;}\ 7’4" Combined ecs. Specs.
to 3/4 K to'-'\i’»‘f—‘ U{. $
/ SNy 7
Passing
2" (& 1o 1 Sp. Gr. Bulk, SSD 3/4" .4
L % 17 Vheny Sp. Gr. Bulk, SSD 1%" Z.L4
1" 28R (Y b -~ % Abrasion 38 A
3/4" t T 48 3%/10 ) % Absorption 3/4" 6.7
1/2" | | 2.4 — % Absorption 1%" 0.5
3/8" \ <l ] 'S /aq % Soundness
#4 l 6! o~ 2k (Sodium Sulfate) —
i#8
v "i
Aggregate Size Eifa‘ to N : <IN 72
Dy T e ad B
% Indicates N\ v\ QF‘ deviation from specifications.

Jezeik &. Seppos



STATE OF COLORADO Project - > .« 3 ("77)

DEPARTMENT OF HIGHWAYS Location S. H . 1Y - No. oN T3S
DIVISION OF HIGHWAYS Sand Field Sheet No. QO S
DOH Form No. 330 Gravel Field Sheet No. S\
Revised: August, 1982 C o g %g h
PAGE 2

Class of Concrete g)f:'4xr_

% Fine Agg. by Absolute Vol. AR -
Air Entraining Agent PAve QIR -
Quantity of Air Entraining Agent D oZT o L
Admixture MQSJM{R (5@”&
Quantity of Admixture 2950 ms

Cementy So rce-x_iiﬁﬂz‘ Type \ -
Cement ?QK*Ll Ptt\\x, Co. Lbs. o e
Fly Ash dYogoRae 1. Lbs. &=’ Lo o

Fine Aggregate Lbs.

Intermediate Aggregate Lbs. 94-5

Coarse Aggregate Lbs. Q4

Miscellaneous Aggregate Lbs. QO

Water Lbs. 230
Water Gals. 30,0

Slump Inches O
Water Cement Ratio (% by Weight) A4S
Gement Factor (CWT per Yard)eEment.tuys — .7

Gals/CWT N

WEIGHT PER CU. FT. OF CONCRETE:

T. Theoretical (calculated-air free) lfﬂ).ﬁ

C. Theoretical (calculated S Z air) RS

W. Determined (actual Wt./cu.ft.) i ﬂﬁ5,3m~ o

Air Content Air Meter (Total Air) 4.0

Air Content -

Gravimetric Method % A = T -

W
X 100
T 3.8

7 days
4o -
Compressive Strength (P.S.I.) 4\70
Average 4@90 -
28 days

Compressive Strength (P.S.I.) {

Dk ¢

NOTE: GQuantities shown for admixtures are for information only.

: - :
REMARKS : 7’3&&2&9\1@@‘5 {2 e el Hial Mix (FQQ @9\*{6&‘3

ot o o

Staff Materials Engineer

Average




STATE OF GOLORADO Projecr— 1A .;\‘:) [ ( - 7>

DEPARTMENT OF HIGHWAYS Location &. | . [ | [\o on L.
DIVISION OF HIGHWAYS Sand Field Sheet No' 'QYOHIS

DOH Form No. 330 Gravel Field Sheet No. T:0Ang
Revised: August, 1982 CS'E)BS o

PAGE 2 B

Class of Concrete 'PPA

% Fine Agg. by Absolute Vol.

Air Entraining Agent

Quantity of Air Entraining Agent

Admixture

Quantity of Admixt
Cement: Sourc :iibﬂ»i, Type

i
Cement F’o +lamdl \_ﬂLb& W, %SS

Fly Ash ThgRoYop Lbs.q, = VL
Fine Aggregate Lbs.

Intermediate Aggregate Lbs.

Coarse Aggregate Lbs.

Miscellaneous Aggregate Lbs,

Water Lbs.

Water Gals.

S1lump Inches

Water Cement Ratio (%Z by Weight)
Cement Factor (CWT per Yard)

Gals/CWT

WEIGHT PER CU. FT. OF CONCRETE:

T. Theoretical (calculated-air free)

C. Theoretical (calculated % air)
W. Determined (actual Wt./cu.ft.)

Adir Content Air Meter (Total Air)

Air Content -

Gravimetric Method Z A = T ; L X 100
7 days
Compressive Strength (P.S.I.) - .
Average f&{}ﬂ]g
28 days

4740

Compressive Strength (P.S.I.) -« L7500

D‘ S‘*\L‘\ Average 5—};"‘7 20
\

NOTE: &uantities shown for admixtures are for information only.

REMARKS:

Staff Materials Engineer
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Appendix D



Concrete is mixed, vibrated, leveled, screeded and burlap
drug in one operation.



A mechanical tining device provides a textured surface,
curing compound is also applied from this machine.

The 24 foot driving and passing lane has been completed,
looking north from Johnstown Interchange.



Rumble corrugations were formed using 1" depth by 4 1/2"
pitch corrugations.

This core has the chip seal bond breaker attached.



Appendix E



FWD DEFLECTION READINGS

1-25 SOUTHBOUND

SITE# 1 ON MAY 15,1988

SLAB# LOCATICH

101
102
103
104
105
106
107
108
109
110
m
112
13
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
200
201
202
203
204
205
206
207
208
209
210
211
212
213

T T XTEEETZDTEXTITEZE_TETEZZZEEZX=E

T EER I ERTAEETDIEIETEZAIZIZRRREETR®

b
M
M

ACT WT

8386
8472
8850
8752
8826
8411
8337
8057
7959
8252
8313
8191
8508
8789
8679
8667
8655
8398
8044
8350
8069
8032
8191
TO4T
8118
7727
8154
8191
8240
8130
8130
8020
8228
8130
8008
7849
9216
7690
9094
9204
9375
9534
9253
9290
9375
9607
9546
9326
9521
9241

NORMALIZED TO 9,000 LBS

SITES #2 AND #3 ON MAY 17, 1988

NORM WT

9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
2000
9000
9000
2000
2000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
‘9000
9000

SEN# 1

21.86
17.80
15.53
16.24
18.53
18.50
18.68
19.89
24,24
19.16
17.92
16.11
10.48

9.06

7.79

6.93

8.35

9.81
11.96
11.76
16.28
14.58
14.69
15.04
12.16
15.44
15.56
15.48
16.04
13.69
11.67
13.06
10.52
10.85

9.83
13.35

7.77

5.10

9.04
10.09

8.77

8.42
10.95
13.94
10.33
11.33

8.89

9.96
10.73

9.37

SEN# 2

22.93
18.23
16.25
16.16
17.92
18.20
17.64
18.79
17.21
19.37
15.37
15.93
9.33
8.76
8.40
7.06
7.76
7.9
11.30
10.01
18.38
11.58
15.72
13.94
11.68
14.54
14.82
12.98
15.26
13.25
9.42
10.80
9.66
9.68
8.56
10.13
7.44
4.88
9.24
9.83
8.27
8.28
11.03
13.86
9.81
11.77
8.23
9.78
9.82
8.93

SEN# 3

A& AS

0

o

- .
[V RNV RN, |
N W O\".‘

~nN

- E
S2EACTEERANEUIR

[ I N R e S I T Y T T Y YT N I (I (i G 4
H . s
(=R =TT ]

N
o —a
3590

-
0
(=]

2.27
2.00
1.98
2.32
2.03
1.74
1.74
1.98
1.92
2.46
3.24
2.31
2.05
2.01
2.03
2.13
2.03
2.04
2.27
2.31
2.12
2.0
2.24
2.1

SEN# 4

20.49
17.92
17.36
14.59
16.33
16.72
14.15
14.49
4.91
16.23
12.35
14.81
9.38
6.77
6.93
5.19
5.96
5.96
9.06
7.79
19.24
6.97
15.00
11.80
10.81
13.62
12.31
6.94

13.75

10.29
6.37
7.36
8.92
9.33
7.16
5.92
6.28
4.18
9.47
9.03
6.86
7.84

10.68

13.32
8.26

12.16
6.56
9.08
7.85
7.29

SEN# 5

22.97
17.37
17.57
13.94
15.83
16.34
12.78
12.64
0.81
15.75
10.34
14.82
9.24
6.08
6.99
4.47
5.36
4.48
8.25
6.85
19.11
5.44
15.43
10.84
10.67
13.13
12.00
4.57
13.28
9.92
4.7
5.68
8.9
8.61
6.04
4.20
5.75
3.77
9.55
8.40
6.19
7.65
10.59
13.47
7.55
11.95
5.89
8.81
7.10
6.54

SEN# 6

23.38
14.43
17.31
13.51
15.51
15.99
12.31
11.59
0.07
15.46
8.75
14.99
9.12
5.61
7.00
3.81
4.82
3.74
7.34
6.05
20.20
4.10
16.05
9.92
10.45
12.69
11.53
2.85
12.84
9.48
3.38
4.31
8.80
7.9
4.98
2.38
5.06
3.38
9.63
7.81
5.60
7.51
10.64
13.37
6.95
12.04
5.25
8.45
6.48
5.80

SEN¥ 7 TIME

2.47 06:08:32
17.62 06:18:25
10.38 06:23:41
14.07 06:28:03
15.93 06:31:17
16.12 06:36:59
12.11 06:39:30
10.78 06:43:25
2.05 06:45:53
15.89 06:49:06
7.98 06:51:57
14.09 06:54:34
1.48 06:56:45
6.77 06:59:46
7.40 07:04:36
3.22 07:06:52
1.68 07:09:32
3.40 07:11:43
6.83 07:14:11
5.66 07:16:13
1.10 07:18:31
3.34 07:20:59
3.18 07:23:14
9.59 07:25:27
1.75 07:27:34
12.75 07:29:46
7.30 07:31:56
1.71 07:33:59
1.89 07:36:04
9.04 07:39:07
2.38 07:41:18
3.38 07:44:23
9.22 07:456:50
7.59 07:49:11
2.32 07:51:31
2.87 07:53:40
4.80 06:34:41
3.18 06:28:41
9.97 06:37:28
4,57 06:40:00
5.30 Q6:44:44
7.71 06:47:11
11.29 06:49:50
4,32 06:52:02
6.72 06:54:22
2.16 06:56:45
4,82 06:59:00
1.69 07:01:09
6.28 07:03:13
1.54 07:05:34



214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
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9000
9000
9000
9000
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9000
9000
%000
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9000
9000
9000
%000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000

8.32
8.57
10.28
7.79
8.47
11.76
8.14
7.12
8.03
17.41
8.05
7.53
9.87
10.02
9.82
9.49
7.10
7.24
6.66
7.90
7.35
7.98
7.47
6.15
4.97
3.7
3.92
4.36
5.67
8.02
6.90
7.68
6.95
5.60
4.38
4.53
3.98
4.30
4.06
4.15
12.88
4.18
3.7
7.02
4.65
4,27
3.45
3.33
4.36
4.58
4.24
4.78
4.86
4,40
6.14
6.05

8.02
8.02
10.07
7.36
8.50
11.75
7.54
6.89
7.58
9.04
7.51
7.26
9.82
9.86
9.01
8.88
6.55
7.14
6.44
7.57
6.76
7.16
7.21
5.76
4.46
3.46
3.59
3.95
5.30
7.59
6.62
7.15
5.97
5.21
3.84
4.1
3.65
4.02
3.78
3.80
3.89
3.78
3.39
3.52
4.41
3.92
3.01
3.14
6.06
4.19
3.87
4.62
4 .46
4.04
5.54
5.52

2.18
2.16
2.15
2.30
2.07
1.93
1.89
2.23
2.27
2.16
2.09
2.19
2.17
2.21
2.42
2.42
2.22
2.49
2.09
2.51
2.50
2.52
3.00
2.92
2.44
3.62
3.40
3.70
4.34
4.59
2.98
3.02
3.35
4.03
3.76
3.80
3.44
3.64
3.61
3.62
3.23
3.42
2.99
2.00
3.16
2.89
3.01
2.98
3.12
3.06
3.37
2.38
2.59
3.91
3.53
3.02

6.67
5.14
2.95
4.80
7.40
10.36
4.95
5.83
6.12
7.86
5.19
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3.26
4.56
4.81
4.81
3.03
3.02
2.60
2.84
2.33
2.57
2.53
2.48
2.28
2.33
2.13
1.89
2.86
2.40
1.89
2.06
2.55
2.55
2.25
2.9
2.73
2.30
3.07
3.28

6.36
4.33
2.23
3.99
7.15
9.79
4.15
5.44
5.73
3.01
4.41
4.84
8.56
3.09
7.74
6.18
3.31
6.24
4.37
4.53
3.65
2.94
4.54
3.18
2.1
2.07
2.05
2.23
2.73
3.75
4.36
4.15
2.32
2.53
2.26
2.41
2.22
2.7
2.7
2.15
1.90
1.90
1.80
1.62
2.30
1.96
1.48
1.74
2.14
2.1
1.76
2.52
2.03
1.84
2.51
2.68

6.36
1.57
1.71
3.31
9.26
1.90
3.53
3.68
5.53
2.74
3.86
4.50
8.73
2.73
3.03
1.70
2.7
1.7¢9
1.58

94

b

.40

.58

73

A5

.84
8

.38

07:07:38
07:09:53
07:12: 11
07:14:27
07:16:53
07:19:20
07:21:38
07:24:08
07:26:27
07:28:40
07:30:56
07:33:24
07:44:17
07:46:22
07:48:34
07:51:06
07:53:31
07:57:09
07:59:37
08:02:02
08:04:09
08:09:28
08:13:31
08:15:40
08:18:20
08:23:59
08:26:12
08:28:27
08:30:36
08:32:41
0B:34:45
08:36:51
08:39:35
08:41:49
08:50:56
08:53:05

08:57:38
08:59:48
09:02:01
09:04:46

09:36:50
09:39:23
09:41:38
09:43:48
09:46:10
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107
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1
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13
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115
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17
118
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8533
8467
8838
8667

7947
7336
7812
7739
8105
9924
8130
7605
8411
7336
8276
6982
8276
8386
8154
8252
8167
8118
7947
8069
7617
8167
7507
7617
7556
7214
7861
8179
7263
7690
7898
7983
7483
7935
8228
8105
9119
8850
8972
9216
8960
9131
8911
9387
9253
9204
9021
9009
8923
8887
9167

9000
9000
9000
9000

9000
9000
9000
9000
9000
9000
$000
9000
2000
9000
9000
9000
9000
9000
9000
9000
9000
2000
9000
9000
2000
9000
9000
9000
%000
9000
2000
9000
Q000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
9000
2000
9000
9000
9000
2000
9000
9000
9000
9000
9000

4.02
.77
6.54
4.1

28.84
24.85
31.65
28.45
25.22
16.11
24.82
26.88
10.19
31.72
15.60
21.11
24.65
21.65
23.67
22.38
19.35
19.40
17.60
16.64
20.86
14.95
23.06
25.57
19.44
27.34
22.24
12.56
25.92
21.03
12.73
12.27
25.24
15.24
14.87
10.74
22.88
16.55
23.65
22.04
24.66
22.08
24.19
21.90
18.41
10.94
16.47
23.89
24.73
18.04
13.43

3.56
2.9
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1.7
0.26
2.7
1.46
2.10
2,22
2.19
1.87
1.60
2.23
1.86
1.95
1.35
2.46
o9
2.78
2.43
1.26
1.89
1.73
2.09
7.71
2.03
2.29
1.78
2.09
1.86
2.06
1.88
1.47
2.23
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1.12
2.17
0.23
1.02
19.31
1.62
1.33
2.20
1.83
2.10
2.95
0.44
2.47
0.33
0.86
0.93
4.40
2.66
7.48
42.88
0.33
0.99
0.83
1.65
25.01
3.53
0.12
0.23
42.88
0.27
4.72
7.39

1.57
1.63
2.61
1.75

0.19
0.07
1.51
5.87
0.37
0.80
0.9
0.94
4.37
1.24
0.48
1.43
0.59
0.15
0.%90
1.19
1.36
1.47
0.69
1.61
1.28
0.77
0.20
0.68
1.10
0.40
1.55
1.06
1.23
2.30
1.20
1.46
0.47
2.12
1.75
2.70
2.63
0.91
1.19
1.18
0.87
1.32
1.32
2.17
1.21
0.34
2.36
8.95
0.31
1.30
0.76

1.14 09:49:52
1.65 09:55:17
1.55 09:58:48
1.43 10:01:35

1.12 06:16:13
0.85 06:21:26
2.55 06:26:18
4,43 06:29:39
0.02 06:33:10
3.36 06:38:19
0.32 06:42:18
0.78 06:44:42
4.7% 06:47:55
3.72 06:50:12
0.52 06:53:23
1.17 06:55:41
1.64 06:58:39
0.23 07:00:48
0.99 07:05:44
0.42 07:08:24
0.12 07:10:39
45.84 07:13:04
0.60 07:15:12
0.21 07:17:28
1.09 07:19:53
0.12 07:22:07
0.29 07:24:21
0.80 07:26:32
1.10 07:28:38
0.15 07:30:52
1.12 07:32:59
0.75 07:35:02
0.98 07:38:04
1.92 07:40:11
1.69 07:43:19
0.78 07:45:28
1.65 07:48:06
0.36 07:50:21
0.79 07;52:33
2.03 07:54:44
0.24 06:36:15
2.20 06:38:44
0.71 06:43:12
0.47 063:45:58
0.89 06:48:40
2.45 06:50:57
0.88 06:53:15
0.18 06:55:38
2.22 06:57:56
0.10 07:00:07
0.21 07:02:08
0.04 07:04:20
0.25 07:06:34
1.28 07:08:51
5.60 07:11:07



216 E 9424 9000 9.05 9.87 3.48 5.77 4.16 3.03 2.30 07:13:18
217 E 9058 9000 20.31 10.16 2.30 38.57 0.47 1.94 0.31 07:15:46
218 E 8765 9000 19.86 10.32 1.64 4.22 1.23 0.31 0.96 07:18:07
219 E 9131 29000 22.58 19.19 2.00 "n.Nn 7.92 5.86 11.50 07:20:29
220 E 9094 9000 20.41 4.05 2.04 1.03 0.38 0.45 1.03 07:22:50
221 E 9412 9000 16.73 4.22 2.47 1.81 0.19 0.63 0.92 07:25:16
222 E 9131 9000 18.93 10.13 2.36 28.88 1.7 0.34 0.52 07:27:37
223 E 9009 9000 14.36 7.17 2.28 0.89 2.25 0.15 1.40 07:29:48
224 E 8606 9000 20.53 3.98 2.12 0.14 0.41 0.18 1.04 07:32:21
225 E 9009 9000 18.21 10.72 2.19 25.63 0.71 1.38 0.30 07:43:03
226 E 9021 9000 17.02 5.15 2.17 8.87 6.24 0.26 1.03 07:45:23
227 E 9180 $000 21.25 4.99 2.24 4.93 0.72 0.11 0.22 07:47:24
228 E 8740 9000 9.97 4.23 2.07 0.88 0.13 1.48 0.72 07:49:57
229 E 9155 9000 15.12 4.49 2.44 0.78 0.22 0.11 1.47 07:52:16
230 E 8545 $000 17.711 4.15 2.61 0.11 0.60 0.57 0.48 07:56:00
231 E 8801 9000 11.46 5.21 2.3 0.81 1.21 0.47 1.54 07:58:18
232 E 8887 9000 12.61 11.17 2.00 6.54 4.86 2.63 5.46 08:00:58
233 E 9070 9000 20.06 3.36 3.19 1.00 0.45 0.87 0.02 08:03:05
234 E 2887 9000 22.16 4.42 2.58 0.71 1.81 0.41 0.88 08:07:54
235 E 9045 %000 12.66 3.7M 2.98 2.44 0.23 0.38 0.37 08:12:15
236 E 9155 9000 16.64 2.66 3.44 2.28 1.99 1.81 1.62 08:14:34
237 E 9375 2000 13.03 3.82 2.9 3.76 3.00 1.22 0.53 08:16:44
238 E 9180 9000 8.98 2.95 3.10 2.32 1.92 1.67 1.42 08:19:43
301 E 9229 9000 6.79 3.28 3.90 2.42 2.08 1.72 1.59 08:25:09
302 E 8704 9000 5.93 4.32 3.90 2.81 2.33 1.88 1.51 08:27:17
303 E 9314 9000 6.50 4,40 4.56 2.99 2.43 1.98 1.70 08:29:30
304 E 9167 9000 15.83 4.95 3.54 3.38 2.68 2.15 1.91 08:31:39
305 E 8435 %000 15.95 6.00 3.62 3.38 2.45 1.9 1.88 08:33:40
306 E 3875 9000 13.26 2.79 2.97 2.10 1.87 1.58 1.17 08:35:51
307 E 8691 9000 16.76 4.33 2.94 7.25 0.24 0.07 0.11 08:37:54
308 E 8789 9000 16.15 3.80 3.63 2.93 2.45 1.99 1.68 08:40:44
309 E 8606 9000 14.73 4.75 3.72 2.68 1.98 1.70 1.38 08:49:50
310 E 8667 9000 8.99 2.69 4.1 2.28 1.96 1.71 1.50 08:52:00
31 E 8594 9000 8.80 3.47 3.10 2.57 2.16 1.86 1.70 08:54:12
312 E 8777 9000 5.50 2.98 3.45 2.41 2.02 1.99 1.22 08:56:34
313 E 9180 9000 5.67 2.61 3.99 2.08 1.83 1.64 1.46 08:58:46
314 E 9131 9000 10.62 3.56 3.67 2.64 2.17 1.80 1.54 09:00:54
315 € 8704 2000 6.45 4.51 3.10 2.40 2.04 1.70 1.45 09:03:35
316 E 8936 9000 13.82 2.464 2.73 1.92 1.77 1.50 1.41 09:05:58
317 E 9119 9000 6.88 3.62 3.10 2.47 1.94 1.56 1.26 09:08:08
318 E 8752 9000 6.97 4.46 2.41 3.01 2.36 1.89 1.52 09:11:06
319 E 8997 9000 4.55 3.90 3.53 2.65 2.1 1.77 1.51 09:14:55
320 E 8911 9000 8.63 3.51 2.56 2.50 2.00 1.79 1.88 09:17:30
321 E 9131 9000 9.41 3.44 2.98 2.63 2.16 1.77 1.49 09:19:43
322 E 9253 9000 4.13 321 3.12 2.44 2.05 1.73 1.50 09:26:52
323 E 9070 9000 8.66 3.40 2.65 2.37 1.93 1.60 1.36 09:29:18
324 E 8923 9000 8.60 3.88 3,54 2.92 2.48 2.05 1.77 09:31:28
325 E 8752 9000 15.30 3.08 2.89 2.38 1.96 1.70 1.62 09:33:36
326 E 8826 2000 11.12 4.39 3.3 2.57 2.01 1.60 1.36 09:35:44
327 E 8472 9000 9.92 3.09 2.45 2.29 1.9 1.56 1.27 09:38:12
328 E 8459 9000 12.10 4.72 3.10 2.80 2.18 1.73 1.58 09:40:35
329 E 8411 9000 7.52 4.09 2.49 3.22 2.95 2.45 2.19 09:42:42
330 E 8545 9000 11.80 3.26 4.7 2.33 1.95 1.55 1.27 09:45:06
331 E 8435 9000 14.03 6.66 2.48 3.59 2.64 2.00 1.53 09:47:13
332 E 8655 9000 6.66 4.72 2.81 2.68 2.12 1.72 1.45 09:54:16
333 E 8289 9000 10.74 3.03 3.10 2.01 2.58 1.5¢ 0.99 09:57:43
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304
305
306
307
308
309
310
311
312
313
314

11499
11328
11169
11304
12537
12292
12573
12830
12854
12756
12634
12817
13098
13196
12793
12769
12708
12744
12732
12549
12817
12585
12573
12793
12988
12830
12256
12817
12439
12988
12756
12500
12598
12610
12683
12244
12646
12292
12585
12671
12805
12927
12903
13269
13123
12952
12708
12073
12000
12378
12244
12891
12671
12646
12598
12634

13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
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13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000

13.59
13.31
12.76
16.53
9.48
11.21
12.32
11.08
10.56
13.95
16.13
12.96
13.81
11.42
12.45
13.32
12.03
10.57
11.09
12.67
9.95
11.25
13.9
10.31
9.32
9.88
19.74
10.15
9.66
12.67
12.44
10.95
11.42
9.1
8.84
8.27
9.45
8.79
10.09
8.76
7.5
6.43
5.27
5.2
5.58
7.14
10.16
8.36
9.68
8.84
7.05
5.93
5.7
5.28
5.3

2.43
2.64
2.61
3.38
4.16
2.88
2.84
2.87
2.93
2.88
2.78
3.1
3.06

2.9
2.76
2.9
2.9
2.87
2.92
2.88
3.01
2.69
2.37

2.5
2.7
2.59
2.47
2.54
2.57
2.85
2.67

2.7
2.72
2.73
2.87
2.48
3.04
2.95

3.2
3.74
3.63
2.82
5.03
4.61
4.85
5.64
6.62
4.09
3.79
£.7
5.32
5.08
4.85
4.55
4.48
4.43

11.35
10.41
7.51
4.86
6.91
11.39
10.18
7.92
9.51
13.44
13.83
9.27
16.17
7.52
10.9
8.74
8.37
8.26
6.79
3.78
6.29
8.95
11.72
6.6
7.48
7.15
9.9
6.52
6.81
10.9
10.16
9.74
8.24
5.12
7.9
5.95
5.85
5.17
4.82
5.46
4.6
3.24
3.37
3.09
3.27
3.9
5.87
5.76
6.09
3.81
3.9
3.48
3.59
3.54
3.19
3.06

11.03
9.52
5.99
3.06
6.14

11.71
9.53
7.12
9.32

13.18

14.13
8.58

14.51
6.69

10.46
7.97
7.63
7.83
6.43

2.9
5.26
13.1
10.8
5.98
7.05
6.43

4.6
5.55
6.1

10.38
3.49
9.23
7.7
4.23
7.58
5.15
4.88
4.34
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11.28 07:47:05
@ 07:49:27
2.96 07:51:47
3.46 07:53:56
5.88 06:34:56
12.27 06:37:45
4.42 06:40:16
6.86 06:45:01
9.53 06:47:28
13.9 06:50:07
1.67 06:52:19
8.18 056:54:39
2.82 06:57:02
6.1 06:59:17
2.23 07:01:25
7.69 07:03:30
2.16 07:05:51
7.83 07:07:55
2.91 07:10:10
2.24 07:12:27
4.51 07:14:44
5.4 07:17:10
1.96 07:19:37
6.12 07:21:55
5.69 07:24:25
6.14 07:26:44
2.11 07:28:57
4.89 07:31:13
5.83 07:33:41
10.47 07:44:35
3.07 07:46:39
2.76 07:48:51
1.04 07:51:23
3.33 07:53:48
2.49 07:57:26
2.41 07:59:54
1.85 08:02:1%
3.72 08:04:27
4.23 08:09:45
1.86 08:13:49
1.92 08:15:57
2.08 08:18:37
2.17 08:24:17
2.27 08:26:29
2.11 08:28:44
2.24 08:30:53
2.05 08:32:58
4,83 08:35:02
2.18 08:37:09
2.54 08:39:52
2.62 08:42:06
2.54 08:51:13
2.21 08:53:23
0.5 08:55:35
0.25 08:57:56
2.27 09:00:06
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13,000 DROPS FOR THE SAME LOCATIONS

SLAB# LOCATION

101 M
102 ®
103 H
104 M
105 M
106 M
107 M
108 M
109 M
110 M
1M
M2 M
T3 M
14 M
115 M
116 ¥
17 ¥
118 M
119 M
120 ¥
121 K
122 M
123 M
124 M
125 M
126 M
127 M
128 H
129 M
130 M
131 M
132 M

ACT WT
11633
11572
11987
12073
12024
11829
11560
11438
11047
11597
173
11694
11877
12048
12183
11926
11951
11694
1279
11353
11218
11133
11243
11169
11401
10913
11414
11523
11511
11133
11487
11243
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13000
13000
13000
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13000
13000
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