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Marshall Method of Mix Design

Table °.¥ Minimum Percent voids in mineral aggregate (VMA)

Minimum VMA. Percent

Nominal Maximum Particle size (! , ¥) Design Air voids percent

Mm Inch LA t o,
YA N°Y Yy YY,o Yy.o
T N° A Ve, . Yo Y
£Vo N° ¢ (R \V,e VA,
3.0 */A Ve Ve . ..
VYo VY VYL Ve, Vo s
Ve, ¥/ VY. Y. V€,
Yo,. Ve WD 'YL, 1Y,
V.. 1.0 Yoo R VY.
e, Y.» §.e Ve, R
Ay Yo i Voeos K

. Standard specification for wire cloth sieves for testing purposes, ASTM EV)
(AASHTO M3 Y),

Y. The nominal maximum particle size is one sixe larger than the first sieve to
retain more than 1 » percent.

. 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

\ FINE AGGREGATES

.Y Fine concrete aggregates shall conform to AASHTO M1 and shal] consist of natura]

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 sirength, durability and texture of the

NAN. . ¢
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shall be carried out using fresh water. The water shall be replaced regularly as deemed
necessary to maintain its chloride and/or sulfate content low.

Sieve designation Percentage by weight
Square openings Passing sieve

Sodium or magnesium sulfate soundness AASHTO TY+ € max %, % loss
respectively,

T COARSE AGGREGATES

YA

YY

Yy
Y ¢

¥.o
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Sodium or magnesium sulfate soundness AASHTO T)+¢: o cycles: max 1%, 49, loss
respectively,

Abrasion, in accordance with AASHTO T Max ¥+% Joss.
Content of clay lumps and friable particles AASHTO TV 1Y.AY- max 1% by weight.

Soft fragments and shale AASHTO MA+: max o9, by weight.




E 7

YA
Yy
YA

Y.4

Flakiness index, BSA) Y- T+% max. Elongation index, BS A\ Y: V% max.
Coal and Lignite, AASHTO T VW-AY: 0% max.
The grading of coarse aggregate shall comply with AASHTO MY

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

following gradation requirements and shall be graded within the limits stated ip Table
Y,

Table ¥.%.): LIMITS OF GRADATION FOR COARSE AGGREGATES

Y.

Y

AASHTO [ Percent Passing by Weight for
mm ' Grading | Grading Grading | Grading
I I 111 v
Yo Yoo - - .
1y - Ve - -
Yo 5. 3. 90 95.1.. V.. - - [
Yy Y'Y o, - B 90,14, Yoo - .
Yo . Y..No Yo_V. - 40V .. Yoo ]
V4. - B YoV, - T
VYo YooY, YooY, R Yo_v. _ B
q0 - - V.Y, - Yecoo | ¢ v, ]
¢ Yo -] o | Y P N-] Yo -___.____\‘____—
Y.¢ - ' - R ..o o .o

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 (Y/T7) of the minimum
clear spacing between reinforcin g bars, which ever is least.

Before batching, al] 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:

- For fractions up to 1-1/¢". between Y/A" and Y/¢"
(Y.Ye mm) (1.2 =%« mm)

- for fractions up V-1/¥" to v» between Y/¢" and 1-)/¢n
(rV.U_VO mm) ('1“'- -¥e mm)

¥. COMBINED AGGREGATES

A

vy
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aggregates. They shall be used only in proportions with the prior approval of the
Engineer.

In no case shall materials passing the No. Y. . (*.*V° mm) sieve exceed "% by

weight of the combined aggregate.



.t Changes from one gradation to another shall not be made during the progress of
work, unless approved by the Engineer.
T for the proportion of each fraction of coarse aggregate and for the proportion of fine
and coarse aggregate, the combined gradings in Table ¥.¥ 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 *.¥.\: LIMITS OF GRADATION FOR COMBINED AGGREGATES
AASHTO Percent Passing by Wei ght for
Sieve mm | Grading ’ Grading | Grading Grading Grading Grading | Grading
Size \ Y \ £ ) 1 v
i yo Yoo T - - - - I
Y \/¥n v AA-do Ve R R - R | _
Yo °. ZXR AA-q> V.o Voo - - ]
YA YV, TIAY -VEAT A9y IY_9A Y. - o
K Yo °o\.Y. °l.Yo | Sy_A. Y._AA AY-37 e T
v/en 14 . £Y_Y £Y_Ty oY.VY 1.-¥4 VT_AT Avat T
\/Yn 'Y o YY.or Y104 €11, AT AT VAL
Y/A" i,0 YV-(A | Y or Tic¢ [ £ATA oY_VY
No. ¢ €Yo VA_TA YY_£Y YYoey YA-£9 Y{_ oo TA.0
No. A Y7 -YY Ya¥9 YYLY. R Yiog. Yo.¢
No. '1 YA €19 o_Y) oYY Y_Yo YA RT
No. ™+ e Y.\e £y €Y% o_Y) AYE
No. o+ LY. YN Y Y ¢ Yo
No. V.. “ Vo, Y YA ﬁ
No. Y+. 7S ¥ ¥ Y Y
£ ADMIXTURES
£)  The use of any material added to the concrete mix shall 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 materia] to be furnished meets aj] 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 s 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 A with the exception of loss of ignition, where the
maximum should be [ess than 1%,
NAN. . £

.y

The combined concrete aggregate gradation used
except that when approved or directed by the Engineer. Grading Y of Table .Y
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.

in the work shall be as specified,
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Air-entraining admixtures shall meet the requirements of ASTM C Y. 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
€9¢, 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.

e, PLASTICISER

o)

Concrete for use in certain 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 laboratory 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 requirements as specified for the
paiticular use of the concrete are achieved. Only when the Engineer has approved the
proposed mix design may such a mix be used in full compliance with the
Specifications.

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

1. CONCRETE STRENGTH REQUIREMENTS

10

Design Mixes

Mixes for the classes of concrete shown in Table 7.Y.) shall be designed by the
Contractor according to ACI recommendations, regulations and methods and fo 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
continuously graded aggregates and all mix designs shall be submitted to the Engineer
for approval.

Table 1.1.Y: CONCRETE CLASS AND MINIVIUM REQUIRED STRENGTH

Class of Concrete Cylinder Works Equivalent  Maximum Size of Minimum
Strength@) YA Works Cube Aggregatemm  Cement Content
days Kg/em' Strength@ YA Kg/m'
days Kgfch
'Y./Yo Vi V€. Yo Y.
VEa/Y0 Ve YA Yo Yo.
IAEYAR: YV ¥y T Tye
Yi./0. Y. Y o T,
Yi./Yo Yy, Y. Yo ¥yo
\RRVAR AR Y. A TYe
You/Y. Yo. A A Yo.
YQ»KT- You V. . Yo.
IARTAR Y. YAo e Yve
T"Lof'f- A\ £0. Y £Yo
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1.y

Design Compressive Stren oth

The required compressive design strength of the group of six test cylinders at YA days
shall be at least (f + ) 7o s) 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 V. N/mmY or according to table
YL

Table 1.1.¥: DESIGN STRENGTH AND PRELIMINARY TEST

Class of Cylinder Equivalent
Concrete Strength Cube Strength
(kg/em") (kg/em")
\1./Yo VY. Y.
VE./Yo Yy Y.
W/t Yeu Yoo
AR -/5‘ . ¥4, .
Y\ /Yo Y4, .
\AETARS Y4. Y.
You Y. YYo £a
Yo /v Tye £o
IRRVAR Ydo £q.
AR 1. oo

Y
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Samples Curing

v

iry

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 accepred as
complying with the specified requirement for work cylinder (or cube) strength as
shown in Table 1.) )

Control tests

- Air content tests should be made often enough at the poinit 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 each Y+« mY of concrete, nor less than
once for each ¢+ +. sq.ft of surface area for slabs or walls (ACI ™VA). 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.

VoY /YA
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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 V-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 strength.
(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,

It 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 A% and

no single core has a strength of less than Y°% of the strength specified under
(b) hereof,

Var /v
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SLURRY SEAL

(Latex Modified-Micro-Surfacing)

V+-Y DESCRIPTION

DESCRIPTION

This item shall consist of a micro-surfacing 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.

V+-Y  MATERIALS
A. Asphaltic Materials

The asphalt emulsion used shall be a cationic slow settin 2 type, designated as CSS-\P,

The emulsion shall be modifi
modified emulsion shall cont

ed with an approved polymer. The distillation residue of the
ain 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 used in the finished emulsion.

The modified emulsified asphal

t 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 least Y° o F.,
it will cure sufficiently that rolling traffic can be allowed in one hour with no damage to the

surface.

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

Viscosity, Saybolt Furol at YV F. Sec.
Storage Stability test, one day, percent
Particle charge test

Sieve test, percent

*Distillation:

Oil distillate, by volume of emulsion, percent

Residue, percent

Tests on Residue from Distillation:
Penetration, YY F,, 1+ g, © seconds
Ductility, YV F., © cm/min, cm
Solubility in trichlorethylene, percent

IMIIN. MAX.
Y '

- \
Positive

- -_'1

- /Y

T -

oo G

Y« -

v -

*The standard distillation procedure shall be modified as follows:

The temperature on the lower thermomete
F., and maintained at this point for Y
plus or minus © minutes, from the first application of

B. Mineral Aggregate
M

NAN. ¢
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Description: The mineral aggre
micro-surfacing. The ag

minutes. Com

r shall be brought slowly to ¥©+°, plus or minus )+ o
plete the total distillation in 7 minutes,
heat. '

gate used shall be of the type and grade specified for
gregate shall be manufactured crushed stone such as granite,

\Yve



slag, limestone, chat or other high quality aggregate or combination thereof, A sand
equivalent of 1° 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 CT),

(M) 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 Yoo

Passing /A" sieve AL FR TN

Passing No. ¢ sieve AR-qt

Passing No. A sieve T

Passing No. V7 sieve Yot

Passing No. ¥+ sieve Yo_Yo

Passing No. ¢+ sieve YooYe

Passing No. Y+ sieve N

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 shall 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 qualified laboratory shall develop the job mix design and present certified test
results for the Engineer's approval. Compatibility of the aggregate and modified CSS-
'H shall be verified by the mix design. The job mix formula shall provide a minimum
Marshall stability of V,A++ pounds and a flow of " to )1 units when tested according to
the modified ASTM Y224 or AASHTO Y¢o. 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 1 to  percent by weight of dry aggregate or VY. to Y¥ percent
by volume of the aggregate
Mineral Filler 1.2% to 7.+ % by dry weight of aggregate

NAN. ¢
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Vot

Modifier As required to provide the specified properties (Minimum of
¥.+% solids based on bitumen weight content)
Water As required to provide proper consistency

C. Type

The paving mixture shall consist of a uniform mixture of coarse aggregate, fine
aggregate and asphaltic material. Mineral filler, and/or additives may also be required.
The mixture shall be designed so that the mineral aggregate will produce a gradation
which conforms to the limitations for the master grading for the type specified herein.
The gradation will be determined in accordance with ASTM C)¥1 (Dry Sieve
Analysis) and shall be based upon aggregate only. The amount of asphaltic material
shall conform to the limitation for the type specified.

D. Tolerance
The aggregate portion of the paving mixture produced shall not vary from the design
gradation by more than the tolerances which follow. The material passing the No, Y+ +
sieve is further restricted to conform to the limitations for the master grading for the
type specified. The asphaltic material portion of the paving mixture shali not vary from
the design amount by more than the allowed tolerance and is also restricted to conform
to the master limits.

Percent by Weight or

Volume as Applicable
Passing Y/A" sieve, retained on No. ¢ sieve Plus or minus ©
Passing No. ¢ sieve, retained on No. A sieve Plus or minus ©
Total retained on No. A sieve Plus or minus ©
Passing No. A sieve, retained on No. )" sieve Plus or minus ¥
Passing No. V1 sieve, retained on No. ¥+ sieve Plus or minus ¥
Passing No. ¥+ sieve, retained on No. ¢+ sieve Plus or minus ¥
Passing No. ©+ sieve, retained on No. Y+ + sieve Plus or minus ¥
Passing No. Y+ + sieve Plus or minus Y
Asphaltic Material Plus or minus «.°

by wt. or ).Y by vol.

EQUIPMENT

All equipment for the handling of all materials and mixing and placing of the mixture shall be
maintained in good repair and operating condition and subject to the approval of the Engineer.
Any equipment found to be defective and potentially affecting the quality of the paving mixture
will be replaced.

The material shall be mixed by a self-propelled micro-surfacing mixing machine which shall be
a continuous flow mixing unit able to accurately deliver and proportion the aggregate,
emulsified asphalt, mineral filler and water to a revolving multi-blade mixer and discharge the
mixed product on a continuous flow basis. The machine shall have sufficient storage capacity
for aggregate, emulsified asphalt, mineral filler and water to maintain an adequate supply to the
proportioning controls. Self-loading devices which provide for the loading of all materials
while continuing to lay micro-surfacing, thereby minimizing construction joints, may be used.
Other methods may also be used by the Contractor if requested in writing and approved by the
Engineer.

Individual volume or weight controls for proportioning each material to be added to the mix
shall be provided. Each material control device shall be calibrated and properly marked.

The aggregate feed to the mixer shall be equipped with a revolution counter or similar device
so the amount of aggregate used may be determined at any time.

NAN. . ¢
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The emulsion pump shall be a positive displacement type and shall be equipped with a
revolution counter or similar device so that the amount of emulsion used may be determined at
any time.

The mixing machine shall be equipped with a water pressure system and nozzle type spray bar
to provide a water spray immediately ahead of and outside the spreader box. Other methods for
accomplishing this task will be considered if requested in writing to the Engineer.

The mixing machine shall be equipped with an approved fines feeder that shall provide a
uniform, positive, accurately metered, predetermined amount of the specified mineral filler.

STOCKPILING AND STORAGE

Aggregate Storage

If the mineral aggregates are stored or stockpiled, they shall be handled in such a manner as to
prevent segregation, mixing of the various materials or sizes, and contamination with foreign
materials. The grading of aggregates proposed for use and as supplied to the mixing plant shall
be uniform. Suitable equipment of acceptable size shall be furnished by the Contractor to work
the stockpiles and prevent segregation of the aggregates.

Storage and Heating of Asphaltic Materiais

The asphaltic material storage shall be ample to meet the requirements of the plant. CSS-'P
asphalt emulsion shall not be heated to a temperature in excess of that specified for Grade CSS-
H. All equipment used in the storage and handling of asphaltic material shall be kept in a clean
condition at all times and shall be operated in such manner that there will be no contamination
with foreign matter.

CONSTRUCTION METHODS

General

It shall be the responsibility of the Contractor to produce, transport, and place the specified
paving mixture in accordance with these specifications and as approved by the Engineer.

Weather Limitations
The material shall be spread only when the atmospheric temperature is at feast fifty (¢+)
degrees Fahrenheit and rising and the weather is not foggy or rainy.

Surface Preparation

The area to be sealed shall be thoroughly cleaned of all vegetation, loose aggregate and soil.
Water used in pre-wetting the surface ahead of and outside the spreader box shall be applied at
a rate to dampen the entire surface without any free flowing water ahead of the spreader box.

Spreading Equipment

The paving mixture shall be spread uniformly by means of a mechanical type squeegee box
attached to the mixer, equipped with paddles to agitate and spread the materials throughout the
box. A front seal shall be provided to ensure no loss of the mixture at the road contact surface.
The rear seal shall act as a final strike-off and shall be adjustable.

The mixture shall be spread to fill cracks and minor surface irregularities and leave a uniform
skid resistant application of aggregate and asphalt on the surface. The spreader box and rear
strike-off shall be so designed and operated that a uniform consistency is achieved to produce a
free flow of material to the rear strike-off. The seam where two spreads join, shall be neat
appearing and uniform.

Workmanship
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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 alon g the roadway centerline, lane lines, shoulder 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.

V¥ MEASUREMENT
Shurry Seal (Latex Modified) will be measured by the ton of Y,+++ pounds of the composite
""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."

\+-A 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 "Slurry 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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ARTICLE II £+ REINFORCED EARTH WALLS
b Source and Quality of the Materials
LT U General prescriptions

The main specifications are stated in the following table:

o __Mﬁt_e;ﬁhlé '-:-lprpd'.l__i_(:t._s B

Materials of reinforced backfill

D max <\o. mmor

Dmax <Ye. mm

Passing at A+ um sieve < \o %

Draining backfill

GNT iy

Draining materials /D

Granulometry ¢/4Y

PVC longitudinal drains

PVC Drains @ Y.+ mm

Non-woven Geotextile

Type ¥

£0V Yo Particular prescriptions

a- Waterticht complex

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 follows:

Characteristics |

Thickness Ay mm Y. Thickness - mm \
NFG NFT
TALAY 081+

Surface mass DIN G/m? Yo Surface mass DIN G/m? VY.
oY Aot eYYeoy
NFG ! Nﬁ“T é‘?“ggl

" nie. Traction ety .Y irection: 1.
Tract tr RN VAL . daN/cm?
raction strength . o strength DIN al Length

oAy} °YYeo direction: 1. I

Elongation  at | NFG % e Elongation  at |NFT % Length
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rupture YANE rupture of\ Y direction: vo.
DIN Length
oYfoo direction: Ye.
NFG NFT Length
YA Vo KN Y ot A dal/ direction: 1.
Tear strength DIN N . Tear strength DIN aN/cm Length
orriY o¥YIY direction: 1.
NFT
Punching DIN o o)A o
resistance ity N Y to. Hardness DIN Shore A Y
eYe.o
. NFG o _ DIN
Permlttwlty kn/e fAs s A Cold bending R °C -r.
- NFT
Permeal:flhty NNG Yen2 Dimensional ot1.e Y <
perpendicular to|, 1 s h stability wh/A.°C | DIN ‘ -
the layer plan crrvy

The overlapping between Y layers shall be of o . cms.
The watertight complex shall be sloped according to a slope of £ % towards the interior of the reinforced backfill.

1

b- Materials for reinforced backfill

The source of constitutive selected marerials of the reinforced backfill is to be agreed upon by the Engineer,

They should verify the geotechnical criteria set by the document of the French Ministry of Transports "the
structures in Reinforced Earth - Recommendations and state of the Art" (edition July Y44Y) as well as the
particular prescriptions given here below:

Slender structures(NFP 1¢-YY...)

N (= 5 DmM S Ye.

- Sieveat A+ um < '°% (measured on the fraction */°+ mm)
- Internal friction angle @' > ¥°,

Classical structures
Ditto slender structures, except for:
- Dmax < Yo mm.

As far as chemical and electrochemical criteria are concerned, the materials should abide to the requirements of
the A+°-YoY norm and to the document of the ministry of Transport "The structures in Reinforced Earth -
Recommendations and state of the Art" (edition July Y1) ), for the structures outside water; the main governing
parameters are the following:

*  Resistivity of saturated soil: p>V+++ Q x cm
. PH of extracted water: e <PH <\
. Content in soluble salts:

NAN. « ¢
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o  Chloride ions ([CI7< Y mg/kg
o  Sulfates ([SO )<V vmglkg

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

c- Filtering fill +/Y

This consists in draining and no frost materials which will be set in place directly against the facing (between
.e+ 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 ¥4
norm; the minimal characteristics of the materials will be measured in conformity with XP PYA-2£+ norm.

¢  Granulometry : GNT +/1Y mm (NF P3A-1 Y1),
e Intrinsic characteristics . E category (XP PYA-c£4)
» Cleanliness of gravel : b category (XP PYA-0£4),

With respect to the chemical and electrochemical criteria, the prescriptions are identical to those specified for the
reinforced fill. ' '

d- Draining material d/D

The draining materials which will be set in piace around the drains or in draining chimneys should abide to the
following prescriptions:

- granulometry :d2fmm; D <1V mm,
- characteristics of aggregates : DI (XP PYA-o£4) category.

With respect to the chemical and electrochemical criteria, the prescriptions specified for the reinforced backfill
are equally applicable.
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Back-up between rail element
and block where there is no }

rait eitement splice -1

5 0

4]

T
27
1/ 1905 | 1905 —J\m
Roil Splice B -:J Spiice
BLAN
Rail element
Top of ra 1905 1905 &
\ | | s & 5 | l 3j0—
g - — e

Lop rai elenents in \
direction of traffic Fiat § washers

P

E T T IT I ITF R FRTRT R NTN
Il ..\rl. e e }'
2 i mee

elenent
ELEVATION
METAL BEAM GUARD RAILING WITH MW1S0 X14
TS _AND BLOCK

RAI

SEEEL B

See Detod A

150 » 14 x 450 mn steel
Block. Eoch block to be
attached to steel post
with two 16 nn dic hex
head boits with hex nuts
ond cut washers. Stogger
the two bolts so that the
lower bolt is attached to
the approoch side of the
block ond post web and
the higher bolt is attached
to the other side of the
block aend post web Jsevw

H
g
§
23
3
i

*—316——]
S0~ | I-‘_Lga ot t
" See e A

Detail A ]_)w_l
£ VA N
150 x 14 2 m RA NT A
Steet

Post specing 19 n C-C

SECTION B-B

PTIONA N MINA
J; POST N K

.li/g/-E[i mm x 635 mm Slot
-

%,
‘..»—-F-‘*‘EB mm x 29 mm Slots

8
20 mm Taiernnce—fra*:‘

SECTION THRU
MENT

Note A C Bolt siot in wood post or
C Boit siot in steel block
used with steel post

NOTES:

6 mn di
hex head bolts

[———Stee! biock

o c%

i
0
5]

CHO}——Ser Note 13

g ——=3teel post

DETAIL A

STEEL BLOCK ATTACHMENT
Yo STECL POST

[
Guard roiling post spocing to be 1905 mm center lo Y\
cenler, excepl os otherwise noted.

Top of roil to be 685 mm obove the ground fine or

shoulder surfocing under the roil element.
Direction of troffic indicoled by

Where condilions requice the bolt to be instolled in the
opposite diredtion from thol shown in section A—A or

where @ 16 mm threoded rod is required in ploce of the

bolt, no more thon 13 mm of the threod of the bolt or

rod is to be exposed on the troffic side of the roil element.

Additional holes in wood post ond steel block ore
quired for potentiol odjust ts of roiling heights.

METAL BEAM GUARD RAILING
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S 16 +— 7228 L HIGHWAY SURCHARCE
! D 10 om WHEEP HOLES % = -
o bd AT 1.0m CENTERS HORIZONTALLY __ éwi' g c;"fm
S 17 AT 1.0m CENTERS VERTICALLY Py R
T10/20cm T10/20cm L. R E D
£ . - FILTER.. .
S - 8 F.G.L. R LAYER
= - -1 LEVEL SURFACE i i/ TOW COATS
0 E -:" { FOR SOIL OR ROCK Y] 0 . +>. ] BITUMINOUS PAINT
L . a
. (=] 5 - .-.44"'
2 3 ml: [ | \ oT1p S )/ DRAINAGE PIPE 915cm
U6T14/m L1.S = X \ g e ;
“letierm La.s"'lj "~ e SR HEEL
k I I 3T20 W 71ie / S| 30 .30 . 100 4 L0
153 EXCAVATION CUT LINE
VOLUME of REINFORCED CONCRETE = 0.98 m3/m’ i
SCALE 1/40
VOLUME of FILTER LAYER (GRAVEL) = 0.54 m3/m’ :
VOLUME of BLINDING CONCRETE =1.7%0.05=0.085=0.1m3/m/ - REINFORCED RETAINING WALL
WEIGHT oF STEEL=95.458=95+5=100 Kg/m’ =2.0 m
VOLUME of EXCAVATION = 2.35%1.4+0.85%0.4=3.63 ‘rnS/m ' %
; - DRAWN BY ENG. MOUSTAPHA M. KINJ
DRAINAGE PIPE ¢156m f ; :
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