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Marshall Method of Mix Desjign

Table .Y Minimum Percent voids in mineral aggregate {(VMA)

Minimum VMA. Percent

. Nominal Maximum Particle size {} , Y)

Design Air voids percent

Mm Inch Y, £.r o
1A N°Y Y 1.0 1Yo YYe
Y.l N° A 14, Xass T,
£t VYo N° ¢ 19, ‘Y. e VAL
4.0 YA YE, o Yo . L W0
VY, WK 1Y, Ve, Ve,
Y&, Yt 1Y, T V€.
Ye.. V.. .. VY. Y.
.. 1.0 Yoo VY, 1Y,
L X.» 4.0 \s,2 13,0
bRy X,» 9.6 Ya a0 1Y,

\. Standard specification for wire cloth sieves for testing purposes, ASTM E‘?
{AASHTO MaY),

Y. The nominal maximum particle size is one sixe larger than the first sieve to
retain more than V+ percent.

Y. Interpolate minimum voids in the mineral aggregate (VMA)} for design air void
values between those listed.
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CONCRETE WORKS (Additional Specifications)

These additional specifications are complementary for the arabic specifications related to concrete works
shown in this volume and shall be read in conjunction with them.

MATERIALS
Y. FINE AGGREGATES

1.} Fine concrete aggregates shall conform to AASHTO MM and shall consist of natural
sand or crushed rock having hard and durable particles or, if approved by the Engineer,
other inert materials having similar characteristics, '+ +% passing 4.° mm sieve and
Y% to ¥+% passing *.)° mm sieve. It shall not contain harmful materials such as iron
pyrites, coal, mica, shale or similar laminated materials such as flat and elongated
particles or any materials which my attack the reinforcement in such a form or in
sufficient quantity as to adversely affect the strength, durability and texture of the
concrete.

1.¥ The Contractor shall, when directed by the Engineer, wash the fine aggregates to
remove deleterious substances or for consistency of concrete colour. Such washing
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shall be carried out using fresh water. The water shall be replaced regularly as deemed
necessary to maintain its chioride and/or sulfate content low.

\.¥' The fine aggregate for concrete shall be in accordance with the requirements of ASTM
C YV, The fine aggregate shall be well graded from fine to coarse and shall meet the
grading requirements shown in table 1.V

Table 1.¥.\: REQUIREMENTS FOR GRADATION OF FINE AGGREGATE
Sieve designation Percentage by weight
{square openings) Passing sieve
TIAn Yoo
No. ¢ AL R
No. A A e
No. v - o - Ao
NO, e Yo ..
No, @+ Yoo ¥
Np. VYo Yol
No, V.- oA

The fineness modulus of fine aggregate shall not be less than ¥.{ nor more than ¥,

The sand equivalent of any used sand (crushed or natural SAND) shall not be less than

Y

L€,

°%.

If the fineness modulus varies by more than +.Y from the value assumed in the
concrete mix design, the use of such fine aggregate shall be discontinued until suitable
adjustment can be made in the mix proportions to compensate for the difference in
gradation.

Sodium or magnesium sulfate soundoess AASHTO TY+f: max %, 1% loss
respectively.

¥ COARSE AGGREGATES

Y

Ny

Yy
Y.t

X2

NAN . ¢
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Coarse concrete aggregates shall conform to AASHTO MA« and shall consist of
gravel, crushed gravel, or crushed stone free from coating of clay or other deleterious
substances. It shall not contain harmful or any other materials which may attack the
reinforcement in such a form or in sufficient quantity as to adversely affect the strength
and durability of the concrete. If necessary, coarse aggregate shall be washed to
remove deleterious substances, or for consistency of concrete colour,

Sodium or magnesiuvm sulfate soundness AASHTO TV - £: ¢ cycles: max 1%, 1% loss
respectively.

Abrasion, in accordance with AASHTO T Max ¥+ % Joss.

Content of clay lumps and friable particles AASHTO TV Y-AY: max Y% by weight.

\*1’/‘1"{://’/‘}/

Soft fragments and shale AASHTO MA +: max % by weight,



Y
Ty
YA

¥.2

Flakiness index, BSAYY: Y+% max. Elongation index, BS AYY: V+% max.

Coal and Lignite, AASHTO T V-AY: « % max,

The grading of coarse aggregate shall comply with AASHTO M¢Y,

The coarse concrete aggregate, when tested according to AASHTO TYY, shall meet the

following gradation requirements and shall be graded within the limits stated in Table
A,

Table ¥.4.1: LIMITS OF GRADATION FOR COARSE AGGREGATES

AASHTO Percent Passing by Weight for B
Sieve mm Grading | Grading | Grading | Grading | Grading | Grading
Size 1 I it v V. )
e No “Ye = - = = z
XVl 7 - Ve - P - -

0 o §..9¢ LT I Yo - - =
(R TAL TY. 0 - & qo.%. You - -

v Ye . AP Y Yo.¥. < L - TP Yo =
Yjin 34.. " N Fov e 453+ T
AFAS Y 0 Ya¥e AT - Yo - P
Y/AY q.e - @ T - Yi00 £a.Ye
No. ¢ £¥e ‘0 - . Y- Yo Rl 29
No. & Y. - = = "0 -0 )

No. ¥ s o Ye ot | oY (] o =4

N

YAY

The type of grading for coarse concrete aggregates shall depend on the maximum
size of aggregate, which shall not be larger than one-fifth (1/¢) of the narrowest
dimension between sides of forms, nor larger than two-thirds (¥/V) of the minimum
clear spacing between reinforcing bars, which ever is least.

Before batching, all types of coarse aggregate shall be separated into fractions
having uniform grading as determined by the Engineer.

However, the number of fractions and their gradings shall be fixed on the basis of
the maximum size of the aggregates in the cement concrete as proposed below:

between Y/A™ and V/¢"
(4. = ¥4, mm)

- For fractions up to Y-Y/¢";
(V.V° mom)

- for fractions up ¥-1/Y"to ¥
(¥Y.2-¥° mm)

between V/£" and Y-Y/¢£"
(V4.» =VY.°o mm)

s COMBINED AGGREGATES
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Combined aggregate is composed of o mixture of coarse aggregates and fine
aggregates. They shall be used only in proportions with the prior approval of the
Engineer.

In no case shall materials passing the No. Y++ (+.+¥Y° mm) sieve exceed Y% by

weight of the combined aggregate.
Ver/xe //7




rr The combined concrete aggregate gradation used in the work shali be as specified,
except that when approved or directed by the Engineer. Grading ¥ of Table ¥.¥.
shall be used for curbs, handrails, parapets, ports and other similar sections or
members with reinforcement spacing too close to permit proper placement and
consolidation of the concrete.

vt Changes from one gradation to another shall not be made during the progress of
work, unless approved by the Engineer.

¥.e  for the proportion of each fraction of coarse aggregate and for the proportion of fine
and coarse aggregate, the combined gradings in Table Y.¥.} shall be utilized as a
guideline for the mix proportion design as to guarantee the maximum densities of the
concrete. Before batching, however, the Engineer or his representative shall check
only the compliance of the grading of the fine and coarse aggregate with the
requirements of the Specifications, since the grading of each fraction ultimately
remains the sole responsibility of the Contractor.

Table 1.¥.}: LIMITS OF GRADATION FOR COMBINED AGGREGATES

AASHTO Percent Passing by Weight for
Sieve mm | Grading | Grading | Grading | Grading | Grading | Grading | Grading
Size \ \ £ £ ° 1 Y
e Yo \ KR - = - F - -
¥ i/ L AhRo Yoo : A - z -
" o YA-Qe AA-49 Yoo Yon = . =
ARVAL Y¥.o. 1A Yi AT AiY av-4A fes 3 =
g Yo . oYY o.¥Ye YA Yo AA AY.41 i N &
Y/en 14, Y.y £Y.Y oYYy 1..¥4 YY-Al At Yae
1/ ive YY.or Y104 £1.1. TAL AT TIcA, YYAR
YA 9.2 YY_£A Y0¥ .ot £ £ATA oYYy 144
No. ¢ { Yo YA.TA YY€X XY_Ev YA-14 T.00 TAol Y]
No, A AR 4.YY $..X9 Y Y.Y . VL Yi £ Yoo€y -6
No. 11 Y.AA £.11 o Yy XY AT YA Y1.¥4 T Yy
No. T+ Ve s Y £y s oY\ VXY T Yo YA
No. o+ 5 Y YAv Y Y0 Y PR oYY
No. tes | s 000 ¥ A A -4 YoV, [RY YAY
No. L Y n..YO + 7 Y Ay ¥ Y . YA o

L, ADMIXTURES

£} The use of any material added to the concrete mix shaill be approved by the Engineer.
The Contractor shall submit certificates indicating that the material to be furnished
meets all of the requirements indicated below.,

£.Y In addition, the Engineer may require the Contractor to submit complete test data from
an approved laboratory showing that the material to be furnished meets all of the
requirements of the cited specifications. Subsequent tests shall be made of samples
taken by the Engineer from the supply of the material being furnished or proposed for
use on the work to determine whether the admixture is uniform in quality with that
approved.

£Y Pozzolanic admixtures shall be fly ash or raw or calcined natural pozzolans meeting
the requirements of ASTM C 1A with the exception of loss of ignition, where the
maximum should be less than 1%.
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Air-entraining admixtures shall meet the requirements of ASTM C Y1+ and shall be
added to the mixer in the amount necessary to produce the specified air content. The
air-entrainment agent and the water reducer admixture shall be compatible.

Water-reducing, set controlling admixtures shall meet the requirements of ASTM C
t1¢, Type A, water reducing or Type D, water-reducing and retarding. Water-
reducing admixtures shall be added at the mixer separately from air-entraining
admixtures in accordance with the manufacturer’s printed instructions.

R, PLASTICISER

ey

oY

Concrete for use in cestain construction shall contain an approved superplasticising
agent, when so directed by the Engineer. The superplasticiser shall be stored and used
strictly in accordance with the manufacturer’s instructions and must be fully
compatible with all proposed concrete mix constituents. The optimum dosage of the
additive shall be determined by site and Jaboratory trails to the Engineer’s approval.
The Contractor shall submit to the Engineer full details of his proposed mix design
which must ensure that the minimum strength reqijremernts as Specified for the
particular use of the concrete are achieved. Only when the Engineer has approved thr
proposed mix design may such a mix be used in full compliance with th
Specifications.

The Contractor’s mixing and transportmg plant shall be so designed that accurate
metering of the superplasticising agent is possible and so that the addxtwe may be
inroduced immediately before placing.

1. CONCRETE STRENGTH REQUIREMENTS

10

Design Mixes

Mixes for the classes of concrete shown in Table 3.V shall be designed by the
Contractor according to ACI recommendations, regulations and methods and to be
submitted for approval when specified for use in any part of the Works. The quantity
of water used shall not exceed that required to produce a concrete with sufficient
workability to be placed and vibrated in the particular locations required. Unless
otherwise approved by the Engineer, the mix designs shall be on the basis of
continvously graded aggregates and all mix designs shall be submitted to the Engineer
for approval.

Table 1.1.1: CONCRETE CLASS AND MINIMUM REQUIRED STRENGTH

Class of Concrete Cylinder Works Equivalent  Maximum Sizeof  Mirimum

Strength@ YA Works Cube Aggregatemm  Cement Content

days Kg/em' Strength@ YA _ Kg/m'
duys Kg/cm' .
IR EYAL Yia Ve Ye - ¥Y.
 ERYAL ' V€. YA Xe Xos
AW VY. Y. e Y¥o
Y\n{bq T‘b ‘1! [ Y A\
Yi:fYe Y1 ¥i. Ye YYe
TV /Y. YV Y. Y TYo
Xo./Y . You Y. Y. Yo,
To.[\'. Xo. Yie T Tou
AR RYARS Ty YAe A\ T¥o
A ETAL . fo. X+ tYe
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.Y Design Compressive Strength

The required compressive design strength of the group of six test cylinders at YA days
shall be at least (f + Y.1® g} N/mmY, where s=standard deviation calculated of the
group and F = specified compressive strength. For the design mix however a minimum
value of ¢ N/mmY for s is to be adopted. The test results should further be of such

consistency that the actuals of the group is less than ¥.© N/mm?Y or according to table
LY,

Table 1.1.v: DESIGN STRENGTH AND PRELIMINARY TEST

Class of Cylinder Equivalent
Concrete Strength Cube Strength
Nfre— ' %Y. Y.
VEa/Y0 e .
WY R Yoo
Yh.p0. Ya. i
Yie/Xo _ 4. ™.
WMEIAE 4. ' ™.
Yo./t. Yo £e
YQO]T: YYe £e4
VY. Y40 4.
TlafYs £4 . [T

Ly Samples Curing

1Y} The cylinders (or cubes) shall be cured in the same manner and environment as the
members they represent. The cylinder (or cube) strength shall be accepted as
complying with the specified requirement for work cylinder (or cube) strength as
shown in Table 1.3}

1YY  Control tests

- Air content tests should be made often enough at'the poitit of delivery to
ensure proper air content, particularly if temperature and aggregate grading
change.

- The number of strength tests made will depend on the job specifications and
the occurrence of variations -

Strength tests on each class of concrete placed each day shall be taken not less
than once a day, nor less than once for éach V+« mY of concrete, nor less than
once for each ©+++ sq.ft of surface area for slabs or walls (ACI TYA). The
average strength of three cylinders is required for each test. Additional
specimens may be required where high strength concrete is involved or where
structural requirements are critical. The specimens shall be laboratory cured.
Specification may require that additional specimens be made and field cured,
as nearly as practical, in the same manner as the concrete in the structure.
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Additional groups of test cylinders may be required at the start of the concrete
works and when the aggregate sourse of characteristics, or the mix design is
changed.

The six test cylinders mentioned above shall be used for the YA-days test, and
additional test cylinders may be prepared for the Y-days test. When a
satisfactory relationship between the Y-days and the YA-days strength has been
established and approved, the Y-days results may be used as an indication of
the YA.days strength.

The compressive strength of the field-made test specimen, tested at the end of
YA days, can be considered satisfactory if the averages of all sets of three
consecutive strength tests equal or exceed the specified YA days swength,
(Refer to the plans)

The Y-days strength results shall not be less than Y+% of the required YA days
strength, but these test results will not replace the results of the YA days test,

If these strength criteria are not met, and if the structural adequacy remains in
doubt, the Engineer may order tests on cores drilled from the area in question,
in accordance with ASTM C £Y, or he may order load tests or take other action
appropriate to the circumstances.

If cores are drilled and tested for compressive strength, the concrete will be
considered structurally adequate, if the average of ¥ cores is at least A2% and
no single core has a strength of less than Yo% of the strength specified under
(b) hereof.
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SLURRY SEAL

(Latex Modified-Micro-Surfacing)
DESCRIPTION

V+«-\  DESCRIPTION
This item shall consist of a mlcro-surfacmg system which shall be a mixture of cationic
modified asphalt emulsion, mineral aggregate, mineral filler, water and other additives mixed
and spread on the paved surface in accordance with these specifications and to the dimensions
as shown on the plans.

VoY  MATERIALS
A. Asphaltic Materials
The asphalt emulsion used shall be a cationic slow sefting type, designated as CSS-VP.. .
) The emulsion shall be modified with an approved polymer. The distillation residue of the
~: modified emulsion shall contain a minimum of Y.« percent rubber solids by weight, as
determined by an analytical method approved by the weight, as determined by an analytical
method approved by the Department. The emulsion supplier shall furnish the Department
samples of the base asphalt and polymer nsed in the finished emoulsion.

The modified emulsified asphalt shall be so formulated that when the paving mixture is applied
with the relative humidity at not more than ©+% and ambient air temperature of at east Y® o F.,
it will cure sufficiently that rolling traffic can be aliowcd in one hour with no damage to the
surface.

In addition, the emulision shall comply with the following requirements:

Viscosity, Saybolt Furo] at YV F. Sec. Yo Y
Storage Stability test, one day, percent - )
Particle charge fest Positive

‘Sieve test, percent . 3
*Distillation;

Oil distillate, by volume of emulsion, percent - WY
Residue, percent T -
Tests on Residue from Distillation:

Penetration, YV F., Y+ + g, © seconds oo Al
Ductility, YV F,, © cm/min, cm Y. -

Solubility in trichlorethylene, percent v <

*The standard distillation procedure shall be modified as follows:
The temperature on the lower thermometer shall be brought slowly to Y +°, plus or minus ¥+ o
F., and maintained at this point for Y+ minutes. Complete the total distillation in 1+ minutes,
plus or minus ¢ minutes, from the first application of heat.

B. Mineral Aggregate
(1) Description: The mineral aggregate used shall be of the type and grade specified for
micro-surfacing. The aggregate shall be manufactured crushed stone such as gramite,

NAN, ¢ ’ / A
Mowasajat Faneya—1 . Ve¥ive 7

74

/




ﬁ

slag, limestone, chat or other high quality aggregate or combination thereof. A sand
equivalent of 12 or higher is required. The aggregate shall have a weighted loss of not
more than Y% when subjected to the four-cycle soundness test using magnesium
sulfate in accordance with ASTM CAA,

The aggregate shall have a resistance to abrasion resulting in a maximum loss of ¥°%
when tested to ASTM CYTY,

&) Grades: When tested by Test Method Tex-Y+ +-F, Part I, the gradation requirements
shall be as follows:

GRADE ¥ Percentage Aggregate

(Coarse Graded Surface Course) By Weight
Passing V/Y" sieve Voo
Passing Y/A" sieve LR RPN
Passing No, ¢ sieve At-a4

P - Passing No.. Asieve - . . Y - Wi - J50

Passing No. 1% sieve 264
Passing No. Y+ sieve Vo Yo
Passing No. ¢+ sieve 1Yo
Passing No. ¥+ + sieve TR

M Mineral Filler: Mineral filler shall be non-air-entrained Portland cement which is free
' of lumps or foreign matter.
C. Water
The water shall be potable and shalf be free of harmful solubie salts.

D. Other Additives
Additives supplied by the emulsion manufacturer may be added to the emulsion mix or to any
of the component materials to provide control of the set time in the field.

' «-¥ PAVING MIXTURE
A. Mix Design .
Before work commences, the Contractor shall submit a signed mix design covering the
specific materials to be used on the project. This design shall be performed by a
qualified laboratory. Once the materials are approved, no substitution will be
permitted, unless first tested and approved by the laboratory preparing the mix design.

The quatified laboratory shall develop the job mix design and present certified test
results for the Engineer's approval. Compatibility of the aggregate and modified CSS-
VH shall be verified by the mix design. The job mix formula shall provide 2 minimum
Marshall stability of 1,A+ + pounds and a flow of " to ¥ units when tested according to
the modified ASTM Y29 or AASHTO Yfe+ procedure. All component materials used
in the mix design shall be representative of the material proposed by the Contractor for
use on the project. '

B. Composition of Mixture
The Engineer shall approve the design mix and all micro-surfacing materials and
methods prior to use and shall designate the proportions to be used within the

following limits.

Residual Asphalt 1to 9 percent by weight of dry aggregate or 7.2 to YV percent
by volume of the aggregate

Mineral Filler 1.9% to Y.+ % by dry weight of aggregate
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No excessive buildup, uncovered areas or unsightly appearance will be permitted on
longitudinal or transverse joints.

Longitudinal joints shall be placed on lane lines. Excessive overlap will not be permitted.

Care shall be taken to ensure straight lines along the roadway centerline, lane lines, shouider or
curb lines. Lines at intersections will be kept straight to provide a good appearance.

Care shall be exercised in areas that require handwork so that the finished surface is uniform in
texture, dense and of overall good appearance comparable to that produced by the spreader
box.

F. Rate of Application
The Slurry Seal (Latex Modified) mixture shall be applied at an application rate to achieve a

coverage of Y+ to Y© Ibs, per square yard base on dry aggregate weight.

Veo¥ MEASUREMENT._. . . __. S - SUNEY i PR e e .
= Shurry Seal (Latex Modified) will be measured by the ton c’i""*‘*‘T . pomIds of the compos‘te
"Slurry Seal (Latex Modified)" of the grade actually used in the completed and accepted work
in accordance with the plans and specifications for the project. The composite Slurry Seal
(Latex Modified) mixture is hereby defined as the asphalt, aggregate and additives.

All material shall be weighed on certified public scales or the contractor shall place a set of
standard platform truck scales at a location approved by the Engineer. Scales shail conform to
the requirements of the Item, "Weighing and Measurement Equipment."

VoA PAYMENT
The work performed and materials furnished as prescribed by this item and measured as
provided under "Measurement” will be paid for at the unit price bid for "Shury Seal (Latex
Modified)", of the grade specified, which price shall be full compensation for furnishing all
materials and performing all operations necessary to complete the work.
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ARTICLEII £« REINFORCED EARTH WALILS

L Source and Quality of the Materials

00 h. General prescriptions

The main specifications are stated in the following table:

'\""r,""t

¥ Matenals products ’ . Speclﬁtataon;
Matenals Of remfomﬁ baCkﬁn D max <\2.mmor

Dmaxf\'o-mm

Passing at A+ pm sieve < Vo %

Draining backfill GNT /3y B
" [Draining materials 4D ommiememy iy —— 1 — -

PVC longitudinal drains PVC Drains @ ¥+« mm

Non-woven Geotextile Type Y

oY icular prescriptions

a- Watertight lex

A watertight complex shall be carried out on the totality of the reinforced embankment surface in order to
provide the steel bars protection against the aggressiveness of waters loaded with de-icing salts.

The watertight complex shall be constituted with a geomembrane and an unwoven geotextile, these two layers
being thermo-stuck or simply overlapped, the geomembrane side being set directly on the reinforced backfill.

The minimal characteristics of the products shall be the as foilows:

TSR T T Y AT =
s | Bits | Values, [Characterist
mm YA Thickness = mm \
NFG NFT
Surfa e Ghm? v Surf: D AL G/m? VY
ce mass DIN . ace Mass DIN .
oFADE avvoY
- BES n/ Tracti NzF\Tv I&ﬁ:l;;hon "
Traction stren, A ARR - VA- TRGiz00 : daN/cm? s
RO strengta . i strength DIN Length
oraey/y oYves direction: 1. |
Elongation  at|NFG % o Elongation  at |NFT % Length
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o  Chioride ions :{C17] <Y+ ‘mgikg
o Sulfates :[SO ]V *mg/ke

These criterions will be measured in conformity with the dispositions anticipated by the A+2-YeY norm.

c- Filtering fill «/AY

This consists in draining and no frost materials which will be set in place directly against the facing (between
+.¢+ and .+ + m) and on the periphery of the reinforced backfill when the latter is situated in excavation position
with regard to the natural ground. ’

The materials shall result from crushed rocks; they should respect the criteria of granularity of the NF P4A-1 Y4
norm; the minimal characteristics of the materials will be measured in conformity with XP P1A-2£+ norm.

+  Granulometry : GNT +AY mm (NF P2A-1 Y1),
e Intrinsic characteristics : E category (XP PYA-0£.)
+  Cleanliness of gravel : b category (XP PYA-et.),
= .. .. With respect to the chemical and electrochemical criteria, the prescriptions are identical to those specified for the
- T o --\-n-—-ﬂ-ﬁ-‘-h‘;* - - - o - - - e e R - - e . B S A
" d- ' Draining materiat /D
- The draining materials which will be set in piace around the drains or in draining chimneys should abide to the
‘ following prescriptions;
. < granulometry :d2z fmm; D £ VY mm,
- characteristics of aggregates : DI (XP PYA-o£ ) category.
With respect to the chemical and electrochemical criteria, the prescriptions specified for the reinforced backfill
are equally applicable.
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