10.2.2

10.2.3

10.2.4

(3) Traffic

The design ana}ysxs are based on cummulative expected 18-
kip eguivalent sxng]e axle -loads '(FSAL)’ during . the
analysis period. -The traffic loading classes applicable
in the country is proposed in Chapter 4,

(4 Rellabiilty

Rellabzlity concept is 1ntroduced in AASHTO Guide 1986 1o
account for chance variations in both prediction "and
performance predlctlon. ‘Reliability of 50 percent is
adopted in the Guide, which is the 1owest level ~suggested
by AASHTO Guide 1988 - o

Performance Criteria

The primary measure of serviceability Iis the Pfesent .
Serviceability Index (PSI) which ranges from 0 (impassable) to -
6 (perfect road). The following = assumptions . are . adopted . in
this Manual. ‘ ' o S

Gravel Road : Overall serviceability loss 3.0
: (Py = 3.5, Py = 0.5
Allowable,rut‘depth 2.5 inches

SDST/DBST/BMP: P; - = 4.2, Py = 1.5
AC ¢ For Light Traffic Loading Classes
: Py = 4.2, Ppo= 2.0 .. .
For Heavy Traffic Loading Classes
P, = 4.2, Py = 2.5
PCC  : For Light Traffic Loading Classes
P, = 4.5, Py = 2.0
_ For Heavy Traffic Loading Classes
P, = 4.5, P = 2.5

Material Property

The material properties of pavement matellals _are discussed - in
Chapter b. .

Structural Characteristics

~ (1) Drainage

The effects. of ceriain levels of ‘drainage on predicted
pavement  performance are important consideration in
pavementi design. ' - : S :



Table 10.2-2  presents . the general definitions
corresponding to different drainage levels from pavement

- structure,

(2)

TABLE 10.2-2 DRAINAGE LEVELS

Quality of Water Removed
Drainage. Within
Excellent S 2 hours
Good _ 1 day
Fair- - . ] 1 week
Poor ' 1 month

Very Poor - (water will not drain)

In. accordance with drainage.lével, AASHTO. recommends m; -
values for modifying structura} coefficients of base and
subbase materials for flexible pavemenis and value of
drainage coefficients Cd for rigid pavements.

In this Manual, my of 0.9 and Cd of 0.9 are used.

Load Transfer (Rigid Pavement)

The ‘load transfer coefficient, J, is a factor wused 1in

~rigid pavement design to account for the ability of a

concrete pavement siructure to transfer (distribute) load
across discontinuities, such as joints or cracks.

~in this Manual, load transfer coefficient of 4 1is used
considering from effect of plain joint.

10.2.5 Rehabilitation Works

D)

(2

Gravel-Surfaced Road

When . the condition of the initial pavement structure

reaches at the terminal serviceability, (Py = 0.5) the
rehabilitaiion works will be applied. For gravel-surfaced
roads, re-gravelling is proposed to remedy the thickness
of gravel loss.

SBST, DBST and BMP

As a rehabilitation works, reconstruction of surface
course is ©proposed so that the structural sirength of
pavements after rehabilitation works will be the same as
the initial pavement structures,



-'_(3)

(4)

Asphalt Concrete Pavement

The everlay thh asphalt concrete of 5 cm. - was adopted.
The structural strength of pavement after overlay was
estimated based on the follqwing formula. '

SNy = SNpy + Fpp, - SNyegs
whére: - '
SNy = ‘total. stluctural capaelty reguired to support

the overlay trafflc .

“SNg, structural capacity of overlay
SNxéff= effective structural ca?acity of existing
' pavement immediately prior to time of
overlay.

‘Fp = Remaining life  factor which ‘accounts for
S damages of ex1st1ng pavement 0.7.

P01tland Cement Concrete Pavement

For PCC pavements, AC overlay with b cm in thickness was
also  adopted. The structural strength of flexible
overlay-rigid eX1st1ng is estimated based.on the following
formula.

SNY = SNOI + FHL- (Azr .DO + SNeff-r‘p)
vhere:
Agy = Structural - layer coefficient of existing

cracked PCC pavement layer, 0.4
D, = Existing PCC layer thickness -

SN Effective (in-situ) structural capacity of
all remaining pavement layers above

subgrade except for existing PCC layer.

eff-rp~



10.3

STANDARD DESIGN -

The structural analysis of selected pavement types based on the
design criteria and assumption previously mentioned was carried
out by an electric computer, the ouiputs of which are reported
in Appendix 111. The traffic growth rate was assumed 3% per
year. _

Table 10.3-1 summarizes the outputs of analysis és the standard
pavement design. :

From this table, the economic pavement siructures for each
pavement type may be selected depending on traffic volume
converted into the number of 1st year ESAL and strength of

‘subgrades represented by CBR value.



TABLE 10.3-1 STANDARD PAVEMENT. DESIGN : -7 0 n:y

GRAVEL Co o |
I T ; ‘ = | 1
I DR A TR CBR -~ = - “{Performance|
] First Year | = L PRSI REEEERE T 7| Period |
i ESAL X | 4 | 6 1 8 I 16 ' 15 | 20 -1 (Year)

i —| | |~ | ——— |1 -1 |
i 0t~ 1,300 | | GR-2 | GR-2 | GR-2 | GR-2-| GR-2 | GR-1.1 ]
i - : I 1 ' | — | [ st | e | 3-4 |
I 1,300 - 3,000 | | GR-5 | GR-4 | GR-3 | GR-3 | GR-2 | GR-2 | I
1 - o 1 1 Lo L. F IR L I L )
SBST g : .

I T 3 B a N | 1
I - | _ “CBR - 1Performancel
I First Year | T ¥ 7 ; T ; |  Period !
[ ESAL I I 4 1 6 | 8 I 10 1 15 } 20 | (Year)

I ~| | — I i i 1 i
| 0 - 3,000 | | SBST~51SBST~51SBST-41SBST~41SBST-31SBST-21 I
| ' : | —| - I i ! ] i i
| 3,000 - 8,000 | | - - | SBST~51SBST~515BST~4!SBST-31 3-5

I - - I ] I ! | [— ! : I
I 8,000 -~ 14,000 1 | - = b= I i SBST-5[SBST-4| !
] 1 ] 1 L i 1 o H I
DBST

I 1 ) . 1
| ! CBR |Per formancel
| First Year I T T T T T T | Period ]
| ESAL I I 4 1 6 | 81 10 1 15 1 20 | (Year) |
| ! i— — | ] ~——| ~— | ] I
i 0 - 3,000 | |DBST-5 I DBST-5 | DBST~41 DBST~4{DBST-31DBST-21 |
{ | [ | i |———1 ] |
{ 3,000 - 8,000 | ] - - {DBST-51DBST-51DBST-4 ! DBST-31 5-8 |
{ I I i —| - i ! |
I 8,000 - 14,000 | I - - | - | - IDBST-51DBST-41 |
1 1 L 1 - i 1 1 1 1
BMP

] T T 1
} | CBR IPerformancel
i First Year I T T ; T ¥ —I| Period |
! ESAL i i 4 5 | g ! 10 | 15 1 20 | (Year)

I i i ! | | b~ | !
I 0 - 3,000 | {BMP-4 |BMP-3 [BMP-3 |BMP-2 iBMP-1 IBMP-1 | |
I | I ! ! i ! ' |
| 3,000 - 8,000 | IBMP-5 IBMP-5 |BMP-4 [BMP-3 IBMP-2 IBMP-1 | 8-10 |
| | I = - | ! ! i !
| 8,000 - 14,000 | | - - |BMP-5 |BMP-4 |BMP-3 IBMP-2 | |
L | 1 1 J. A i I i
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(CONT.) TABLE

10.3-1

STANDARD PAVEMENT DESIGN

AC I
I Ll R 1 1
| I I S CBR . - : IPerformancel
| F_iI"St Year ) I T T YT T A __ T | Period i
I ESAL 3 ! 4 1 6.0 . .8.1 101 15 | 20 | (Year) |
I ' . i ! f e | e | —1} ! i
| 3,000 - 8,000 | AC-4.1 AC-3 |.AC-3.1 AC-2 | AC-2 | AC-1.1 AC-1 | |
I — — | e | e f e | e f e | — j——i !
| 8,000 - 14,000 | AC-5 | AC-4.}. AC-3.1 AC-3 | AC-3 | AC-2 | AC-1 | !
| ! I f— ] e | | !
| 14,000 -~ 21,000 | AC-5 | AC-4 | AC-4 | AC-3 | AC-3 | AC-2 | AC-2 | !
| | | ! I | —| | I |
[ 21,000 - 30,000 | - | AC-5 | AC-4 | AC-4 | AC-3 | AC-3 | AC-2 | |
! ! |-—— | | ] — 5 —-1 I 10-15 |
I 30,000 - 60,000 | - ] AC-5 | AC-5 1 AC-5 | AC-4 | AC-3 1 AC-3 | |
i 1 ! | — |——1— } ] ] i
| 60,000 - 100,000 - 1 - 1 -. | AC-B | AC-5 | AC-4 | AC-3 | |
i ] i 1 I J——I ] ! {
100,000 ~ 150,000 § . - 1 = 1 - . - 1 AC-5 | AC-4 | AC-4 ] |
{ i i —} I | i 1 ] I
150,000 - 200,000 1 - 1 - 1 - | - 1 - [ AC-5 1 AC-4 ] i
|3 : 1 1 L 1 H ) 1. 1 L

PCC

L RS T 1
_ SR FRT CBR {Performancel
First Year = |—— Y T T T T — { Period |
ESAL I .3 1 4 | 6 | g | 10 I 15 | 20 | (Year) !
: I | ! I I l ! ! ]
8,000.~ 14,000 |PCC-2 IPCC-2- IPCC-1 IPCC-1 {PCC-1 IPCC-3. |PCC-1 | I
- | —— |1 | =t | ——— —1 !
14,000 - 21,000 IPCC-2 IPCC-2 |PCC-2 | PCC-2 IPCC-Z:IPCC—z ipcc-2 | i
- | ——— f | — | o | ) I I
21,000 - 80,000 IPCC-3 IPCC-3. IPCC-3 [PCC-2 |PCC-2 IPCCF2 }PCC~-2 | I
— | f | ——— b= | e | I f o 15-20 |
30,000 - 60,000 1PCC-4 [PCC-4 IPCC-3 |PCC-3 IPCC~3 |PCC-3 |PCC-3 | |
: — I; [ I | ————i e e et | |
60,000 - 100,000 |PCC-4 |PCC-4 IPCC-4 IPCC~4 |PCC-4 IPCC-4 |PCC-4 | f
-1 ol ] [— I | Jommr—| f
100,000 - 150,000 !PCC-5 IPCC-5 |PCC~5 IPCC-5 IPCC-5 |PCC-5 1PCC-5 | I
' f— I ] 1 I I | ! I
150,000 - 200,000 iPCC-§ IPCC-5 |PCC-5 |PCC-§ IPCC-5 |PCC-5 IPCC-5 | I
1 | 1 ] 1 3 1 1 ]
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10.4

RECOMMENDED PAVEMENT TYPES

The 1life cost analysis bf:5£ahdard structures of each pavement
type was conducted. Figure 10.4-1 and 10.4-2 ‘graphically

demonstrate the outputs of analysis such as the initial cost and-

life cyele cost of standard pavement structures in case of CBR
Value of 3, 8 and 20, respectlvely

Flgure 10.4-3 shuwS'an example of recommendation on- economical
pavement types in case of CBR value of 8, which may be
considered the average strength of subgrade. - The recommendation
may be summarized as follows: '

P imary Major. Road

1st year ESAL 0 ~ 1,300 (AADT 100) : Gravel
1st year ESAL 1,300 (AADT 100) ™ :

| 8,000 (AADT 400) : DBST/BMP
ist year ESAL 8,000 (AADT 400) ~
©. 30,000 (AADT 1,000) ' v AC

1st year ESAL7 30,000 (AADT 1,000) ~ Over: PCC

1st year ESAL o " 3,000 (AADT 200) + Gravel
1st year ESAL 3,000 (AADT 200> ™
8,000 (AADT 400) : DBST/BMP

Over 8,000 :  Same as primary
. : ' - major roads

It is, however, noted that the discussion on economic . pavemeént
types involves uncertainty in performance prediction and iraffic
prediction, an overestimate of which can result in finance being
invested prematurely. - Moreover, the resulis of economic analyis
can be - sensitively affected by the economic condition -in the
couniry including prices of pavement materials and constraction
cost, construction conditions in locality and ' acceptance of
people  on pavement condatlon_sznce the serviceability which is
the Dbasis of pavement siructural analysis is ~subjective
judgement of people.
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“Initis) Cost (HP/km)
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CBR~3

Life Cycle Cast (NR/KmY
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CBR=8
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AN EXAMPLE OF RECOMMENDATION ON PAVEMENT TYPES

FIG. 10.4-3
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PART 111

CONSTRUCTION






11.1

CHAPTER 11

SUBGRADE

GENERAL -

- Since - bearing ‘strength of the subgrade is an  important

determining factor for the pavement thickness, preparation
of the subgrade for the pavement construction should be
carefully made so as to prevent 1its bearing strength from
dropping. _ .

SUBGRADE PREPARATION

The subgrade- should - be constructed and finished in
accordance with the required cross-section _and profile.

Compaction’ of the subgrade 50il requires proper
comprehension of the soil properties, Where cohesive or
high water content soil is involved, special care shouid
be taken to aveid its disturbance and over-compaction. To

locate the - existence of any spot of inadequate or
unsatisfactory compaction, proof-rolling is advisable.

FILTER COURSE

~ The = Tilter course is = constructed by  spreading and

levelling the material in uniform thickness, and then
compacting it by means of either a - light vroller, a
bulidozer or a small soil compactor. Compaction should be
performed uniformiy and briefly to avoid disturbance of
the spread material or intrusion of subgrade soil into it.

In cases where the desired effect is hard to achieve, the
layer may be compacted together with a 10 to 15 om layer
of subbase material spread on it.

Since the effect of compaction is hard to achieve in a
filter . course, no standard reQuirement has been
established - for = it. Materials wused in filter layer

‘construction include river sand, sea sand, pit-run gravel
Vand high quality pit-sand.
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11.4

11.4.1

11.4.2

11.4.3

WEAK SUBGRADE

General

A weak subgrade is generally either a 'soft,;sbil composed
largely of silt, clay, organic deposits such ' as peats, or

. loose -sand, having - high void ratio -and ‘usually also high

water content.

Embankment Method

This method consists of embanking ‘of high . quality
material on  the existing soil, - .and - .is - used . in
construciing subgrades in areas of high groundwater table

- and low soil! strength, such as in .a paddy field.

In :appliing this method, aitehtibn'éhould¥.be _paid - to the
following points: - : : ) )

1) .Whefe‘ the groundwater tablé_'is high, -and = where a
- fountainhead exists, it  is necessary both.  to -lower the
.. groundwater table and to drain the subsurface water.

2) Embankment material in principal should be placed in
layers of about 20 .cm compacted .thickness. In  the
case of . an initial layer where this thickness is
insuificient to prevent the gubsoil.from rising to  the
surface,’ or-- to achieve adequate trafficability - of
transport and consiruction equipment, . a thicker
initial layer should be placed. :

Note: Where it is necessary to prevent the  embanked
material from penetrating a weak subgradde soil  or
to transmit the load of embankment. uniformly over
it, a {flexible net or membrane may be underlaid
prior to placing the embankment material. . '

Soil Replacemeni Method

Soil replacement is used for road cuts where excessively
weak subsoil is encountered or where raising. the design
grades is not allowable in spite of unsuitable subgrade
5011 conditions, as is often in the «case of stireet
construction. ' ‘

By this method, the unsuitable so0il is excavated to a

required depth and replaced by a  material of higher
quality, having a bearing strength of CBR 3 or more.
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'In applying the construction: method, attention should be
paid to the following points:

1) That  excavation should be carried out to  the
designated depth with great care taken not to disturb
the soil below. ‘ :

' 2) That the refilled soil should be throughly compactied.
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12.1

12.2

CHAPTER 12

SUBBASEHCOURSE

" GENERAL

For - the construction of ‘a subbase 'course, ‘economic material
available within easy reach of the site is generally selected.
Such materials include crusher-run, slag, pit gravel, sand and
pit-run gravel,. and must conform with the  standards stated
previously in Sections 2.2.3 and 3.3.

Subs tandard loca]ly—availablé economic materials should aiso be
exploited after undergoing mechanical stabilization or other
treatment to improved its CBR or to lower its Plasticity Index.

GRANULAR AGGREGATE SUBBASE
{1) Materials

Materials used for the subbase course include erusher-run,
pit sand, sand and pit-run gravel. The desirable maximum
particle size is 50 mm or less. Standard grading is shown
in Table 12.2-1 and CBR value should be 25% or more.

(2 Construction

1) Loading, transporting- and spreading of subbase course
materials should be carefully conducted, avoiding the
mixing of deleterious substances, such as mud, and
segregation of materials.

2) Subbase course malerials should be spread using a motor
grader or a bulldozer. The thickness of each finished
Fayer is to be 20 cm or less.

3) Compaction should be performed at approximate optimum
water contents using a 10 ton macadam roller or larger,
an 8 io 1b ton pneumatic tire roller or an equivalent
vibrating roller. Compaction should be repeated until
the required density and proper grain interlock are
achieved.

4) Materials of a larger particle size may be used for the
subbase course if it is unavoidable, if the particle
size 18 neither larger than one half of the thickness
of one layer for finishing, nor larger than 100 mm.
For this case, compaction should be conducted,
preventing the segregation of materials.
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12,

3

Table 12.2-1 DESIRABLE.GRADING AND PI VALUE
, y OF MATERIALS FOR SUBBASE COURSE

Sieve Size. mm Passing Percent by Weight
50 100
25 55 - 856
9.5 40 - 75
0.075 0-12
Plasticity Index ' Not more_than 12

Source: DPWH : Standard Specification Item 201
Aggregate Subbase Course

CHMENT STABILIZED SUBBASE
In this method, locally available materials and other

supplemental materials are treated to add to cement. Cement
stabilization is generally conducted at the site.

. {1) Materials

a) Cement

Portland. cement, blast-furnace slag cement or fly-ash
cement may be used as materials for this method.

b) Aggregate

While no standards are specified for the grading of
aggregate, it is desirable that aggregate include
coarse fractions and be continuwously graded for easy
mixing and compaction. PI values of material used as
aggregate should be 10 or smaller for facilitating
construction and durability.

{2) Mix Design
The procedure of mix design is as follows:

1) ~The optimum moisture content for cement-aggregate mix
~is obtained based on the estimates of an appropriate
cement content, which is normally about 2 to 3%,

2) DBased on the optimum moisture content, thus obtained,

"~ test specimens are prepared with cement contents

varying - in 2% intervals, centering at the estimated
appropriate amount.

Unconfined .compression. tests are conducted on test specimens
after 6 days of curing and 1 day of Wwater immersion. The
relation  between the . amount of additive and the wunconfined
compressive strength is plotted as shown in Figure 12.3-1. The
required amount of cement (%) is obtained, which corresponds to
the required unconfined compressive strength 1n Table 12.3-1.
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Unconfined compressive strength (kg ‘cm®)

" Cement stabilization of the base course

‘Cement stabilization of the subbase course

Amount of Cement (%) —

FIGURE 12.3-1  RELATION BETWEEN AMOUNT OF -CEMENT AND
' UNCONFINED COMPRESSIVE STRENGTH

TABLE 12.3-1 TARCET UNCONFINED COMPRESSIVE STRENGTH
FOR CEMENT STABILIZED MATERIALS

Course ‘ _ Unconfined Compressive Strength
(kg/cm)J.T days curing

12-3



(3

Constiruction

1)

2).

3

4)

5)

6)

1)

8)

The materials . to. be stabilized are spread on the
leveled subgrade. When stabilizing an existing gravel
layer, the surface is leveled to form the approximate
finished shape before being scarified to a specified
depth and reshaped using the ripper of a motor grader.

'lf necessary, suppiemental materlals are spread over

the . subgrade after the above operat:on.

Bagged cement is distributed at Specified 'intervals
throughout the comstruction area. Then, the bags are
gpened and the cement uniformly spread out.

The materials are mixed without any additive using a
road stabilizer. = VWhen the moisture content in the
materials is 1nsuff101ent water is added during the

,miXing process

When a road stabx}laer 1s operated 1R, rovws parallel to
the d1rect1on of the road, care should be taken to mix
the entire surface. This is done by mixing a part of
the preceding row with the current row. When soil
cannot be leEd due to structures, materials of such
places should be excavated and combined with materials
of places easy to mix and refilled in their original
location after mixing.

‘After uniformly mixed, the soil is leveled and shaped

to its required form, either manually or with the use
of & motor grader. The materials spread are to be
lightly compacted using & road Troller Dbefore
reshapping. : :

After the reguired cross section is achieved. the
mixture should be - thoroughly compacted until the

required-'denSity -and -approximate optimum moisture
content is obtained. The mixture can be effectively
compacted through using a combination of road rollers.

. Table -shows the standard wvalues Tequired for the

thickness after compacting of the cement stabilization.

At  transverse conStfucfion joints, the finished end

- ghould ' be vertically cut and removed before fresh

materials ' are placed against it. If fresh materials
are placed against the cut section after a period of
time, the construction joints could develop cracks.
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13.1

13.2

13.2.1

13.2.2

13.2.3

CHAPTER 13

BASE COURSE

GENERAL

In constructing the base course, materials should be uniformly
spread until obtaining the required thickness, and ‘thoroughly
compacted = until the prescribed degree of compaction . and
smoothness are achieved.

'CRUSHED AGGREGATE BASE

Materials

Materials used for Base Course include crusher-run and crushed
stane. The desirable maximum particle size ts 40 mm or less.
The CBR or granular aggregate should be 80% or more and PI
vaiues of the fraction passing the 0.425 mm sieve should be 6 or
less, The desirable grading and Pl value of materials for
crushed-aggregate base course is shown in Table 13.2-1.

Spreading

Base Course Materials should be spread using a moior grader,
The thickness of each finished layer is to be 15 cm or less,

Compaction

After the matérials spread on the surface are - lightly rolled,
the surface is trimmed using a motor grader or other equipment
before fully compacting the mixture to the point of prescribed
density. The moisture content of the material should be close
to the optimum moisture content for compaction.

Special care should be taken when compacting the areas in the
vicinity of structures and the road side. T

An 8 to 10 ton macadam roller, an 8 t{o 15 pneumatic tire vroller
or an equivalent vibrating roller..should . be used in the
compacting process. Having a higher moisture content than the
optimum value should be scarified for aeration and drying. When
the base course is mechanically stabilized wutilizing the
existing gravel layer, the surface gravel. .layer should be
tightly leveled and, then, . the ‘layer should be scarified to the
required depth of ireatment using a motor grader. Lumps of
gravel are then crushed, removing cobblestone, and supplementary
materials are mixed together with it. '

i
i
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13.2.4

13.3

13.3.1

Plant Mixing and Spreading

A continuous mixer or batch mixer is used for plant mixing. The
moisture content of the materials at the time of mixing is to be
adjusted so that the approximate optimum moisture content is
achieved., Uniformly mixed materials are transported to the
construction site and, then, spread using a motor grader, a
small size bulldozer or manually to achieve the required shape.

TABLE 13.2.4 DESIRABLE GRADING AND PI VALUE OF MATERIALS
FOR CRUSHED- AGGREGATE BASE COURSKE

Sieve Size (mm) - Pasging Percent by Weight
37.5 100
19 60 - 85
4.7% 30 - bb
0.425 8 - 26
0.07b 2 - 14
Plastlclty Indéx Not mere than 6

Source : DPWH Standard Specification Item 202
Crushed-Aggregates Base Course

MECHANICAL STABILIZED BASE

In this method, several types of materials are mixed, spread and
compacted ‘with -a view of achieving excellent grading. Since
materisls for mechanical stabilization are well graded, they are
easy to spread and compact; and are suitable for construction

using machinery.

Selection and grading of materials

Mateérials used for mechanical wstabilization are either
mechanically stabilized crushed stone ‘or a combination of
crushed stone, crusher-run, slag, pit sand, sand, or screenings
in appropriate proportions, having a combined grading conforming
to the requiremenis specified in Table 13.2-1.

The CBR of material for mechanical stabilization should be B0X

or more and PI values of the fract10n pa551ng the 425 um sieve
should be 4 or smaller.
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13.3.2

13.4

Construction
1) Hlxxng and. spreadlng
'- Miying methods of materlals for mechanlcal stabil:zatlon are
classified by mixing eguipment as follows (the__p}ant mixing
" method is generally preferred for the censiruction of
pavement for general .traffic): C

Mixed-in-place method: Mixing using a lateral shaft
S : ~ type road -stabilizer - -

Plant mixing method ! MiX1ng using a contxnuous mixer
S or. a batch mixer.

Mixed-in-place

" After Ieveling the subbase course, materials té Bé"mixed are

spread over all the surface of the road, based eon the mix design,
in the .order of the size of the material (mater1als with the

_ Iargest partlcle gize are to be spread first).

When the road surface is mixed using a road stab1llzer Wlth two
rows equaliing the width of the road, care must be taken to- mix
all of the surface by including part of the previously mixed
TOW. o . _ . :

bry materials should be mixed while adding water,

CEMENT STABILIZED BASE

Cement stabilization  treats locally avallable materlals and
supplementary materials w1th_cement This improves the strength

. of the material, protecting it from any .loss of strength

resuit:ng from a change in moisture cnntent and . enhances its
durability. Materials used 1n this method are usua}ly mixed in
a plant. . . . . .

The - procedures. for material selection, mix d651gn and
constiruction described in Section 4.3-3 apply,‘as well as the
folIOW1ng instructions: L .

1) The standard range of gradlng and PI value of materla]s used
for cement stabilization are listed in Table 13.4-1,

2) When. using the ‘plant mixing methdd;- materials —used for
cement stabilization - are mixed. a' soil .plant and
transportied to the construction 51te for spreading,

3) The cement stabilized layer should be sealed by spraying
about 0.5 to 1.0 liter/m? of asphalt emulsion as a cover-
fayer. The surface courses shoiuld be constructed as soon as
possible after sealing.
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13 + 5

TABLE 13.4-1 DESIRABLE GRADING AND PI VYALUE OF MATERIALS

FOR CEMENT STABILIZATION

o et e A Bk B bk ok S B L R B hee e ey 2 o ek kA A AR L Rt e e Rk ok A4S B Ak 78 S e e b

Sieve Size (mm) Passing Percent by Weight
37.5 100
4,75 50 ~ 80
2.0 20 -~ 60
0.075 .. 0 - 15
Plasticity Index Not more than 10
PRIME COAT

Prime -coating  should -be applied immediately after the base
course is. finished.,. Bituminous material used as a primer
include emulsified asphalt type or cutback asphalt tiype MC-70
for. ~normal: cases, and cutback asphalt type MC-250 for
particularly. absorbent base course material.

The primer should be selected -taking into consideration the type
and surface condition of base course material, as well as the
time of execution. Generally, for use on finely textured base

_course'surfaces,.a.high permeability primer is preferrable.

Since the required quantity of a primer depends on the quantity
of permeation in 24 hours, it is advisable that test application
be made to. establish the basis for -quantity determination,
Normaliy, an average of 1 to 2 liters of a primer is applied to
every square meter of base course surface.

When it is unaveidable to allow traffic on a surface that has
been treated with a prime coat, coarse sand should bhe spread on
the surface to avoid removal of the prime coat by wheels of
vehicles. I[f loss of the prime coat is caused by traffic,
another prime coat should be applied without delay. Before the

-construction of the surface or binder courses, loovse coarse sand

should be swept away from the surface,



- CHAPTER 14 ”1

GRAVEL SURFACING

14.1  GENERAL

This - method is to construct a well compacted and smooth riding
surface course - for low traffic roads using natural  occuring
granular materials, mostly either seiver-run sandy gravel or
pit-run sandy gravel. :

The important characteristics of the granular materials used for
gravel roads are:

a) Composition of the gravel, sand and silt-clay mixture. Well
graded sandy gravel composed of gravel and sand and silt-
clay ratio of:about 5:4:1 provides the well compacted layer
and adequate bearing capacity for traffic leoads, and

b} Plasticity properties. of 'the finer. or "silt-clay size
particies. The presence of necessary ameunt of fines, that
is called as soil binder, provides the binding ability or
cohesive action that resists the abrasion action of traffic

"directly imposed on this layer,

The layer contains particle size of over 40 mm and cobble makes
the surface bumpy. Too much excess of silt-clay fines comes to
muddy surface during rainy season and dusting problem during dry
season. Therefore, selection of adequated well . pgraded sandy
gravel is the key to good gravel surface course. -
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14,2

14.3

MATERIALS

Sandy gravel is classified by source of product into river-run
sandy gravel and pit-run sandy gravel. Therefore, sandy gravel
tends to vary more widely in quality and grading, its use should
be based on proper investigation of their properties,

The preferahie gquality reguirements are listed in  Table
14.2-1.

TABLE 14.2-1 PREFERABLE QUALITY REQUIREMENTS oF
SAVDY GRAVEL FOR GRAVEL SURFACH

Grading
Sieve Size (mm) Passing Pelcent by Weight
40 ' 100
9.5 : 45 - 75
C 475 36 - 65
- 0.078 . : 5B - 15
" Liquid Limit ' Not greater than 35
Plasticity Index : 4~ 9
CBR Value Not less than 30
CONSTRUCTION
1) loading, transporting and spreading gravel surface

.materials should be conducted, avoiding the mixing of
deleterious' materials such as mud and over size stone such
as cobbles, :

'2) Gravel layer materials should be spread by a motor grader or

a bulldozer.

3) Compaction should be performed at approximate optimum water
" content. by necessary watering at the site using 10 ton
macadam roller, an 8 to 15 ton pneumatic tired roller or an
equivalent vibratory roller. Compaction should be repeated
until the required density and proper aggregate grain
interlock are achieved.

4) Segregation of materials should be avoided in order to
attain a well compacted, dense and smooth finished surface.



15.1

15.1.1

15.1.2

15.1.3

15.1.4

CHAPTER 15

BITUMINOUS SURFACE TREATMENT
GENERAL -
Single'Surface;Treatment=

A single application of asphalt to any kind of road surface
followed * immediately by a single layer of aggregate of as
uniform size as practicable. The thickness of the treatment is
about the .same as the nominal maximum size aggregate particles.
A single surface treatment is used as a wearing and
waterproofing course. S - .

Double Surface Treatment
Two surface treatments placed one on the other The aggregete

maximum size of each successive treatment is usually one-half
that of the previous one, and ithe total thickness is about the

“same as the nominal maximum size aggregate - particles of the

first- course. A double surface treatment may be a series of
single treatments -that produces a pavemeni course up to 20 mm.
A double surface treatment is a denser wearing and waterproofing
course than a single surface ireatment, and it adds some
strength. -

Triple Surface Treatment _
(Double Surface Treatment with Seal Coat)

A triple surface treatment has a smooth denser and. waterproof
wear1ng surface, and durable strength

. 8eal Coat

A thin surface treatment used'to tmpfove tﬁe' texture of and
waterproof an asphalt surface. Usually the method is the same
as 18.1.1 single surface treatment..
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16.2

16.2.1 - :

16.2.2

MATERIALS
Asphalt

To select the proper grade of asphalt for ‘a surface tireatment,
con51derat10n shouid be g1ven to:

'1) eTemperature of the surface: tn wh:ch asphalt will be applxed

2) Air temperatures

3) Humidity and wind

4) Condition of the surface

5) Type and condition of the aggregate to be applied
6) Equlpment to be used

. The currect grade of asphalt for the surface treatment will:

1) When applxed be f1u1d enough to spray properly and cover
the surface un1form1y.

2) After application, retain the proper consistency to wet the
applied aggregate.

3) Cure and develiop adhesion qu1ck1y

4) After rolling and curing, hold the aggregate txghtly to the
road surface to prevent dislodgment by traffic.

5) When .applied in the right amount, not bleed or strip with

chang1ng weather conditions.

The proper grade of l1qu1d asphalt, including aephalt emulsions,
will satisfy these requ1rements. In hot, dry vweather, the

- softer grades of asphalt cement are quite satisfactory when dry

aggregate . is.  placed .immediately  after spraving. More
specifically, asphalts, rapid-setting emulsions, and the 120 to
150 and 200 to 300 penetration asphall cements are usually best
suited for most surface treatments.

Medium-curing.liquid asphalfs can be used successfully provided
sufficient curing time is permitted before traffic is allowed on
the treatment,

Control of Asphalt Spraying Temperatures

Asphalt :is a thermoplastic material that becomes more liquid
{decreases  in viscosity) with increasing temperatures. The
spraying ' temperature then should be selected carefully because
the ability to spray at a” certain . temperature . (temperature-
viscosity relationship) .is . not always the same .for different
types and grades, -or .for asphalis of the same grade irom

different sources.. The recommended viscosity range for spraying

is 20-120 centistokes, kinematic (approximately 10-60 seconds,
Saybolt Furol), however, there is no recommended lower limit for
prime or tack coating applications,
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ib.2.3 Asphalt Quantities Requlred

16.2.4

15.2.56

15.2.6

After a surface treatment has been subjected to traffic.for some
time the aggregate particles will have oriented into their
densest positions, - The particles will 'be lying on their
flattest sides and voids between them will usually be about 20
percent of the total volume. The asphalt used for the treatment
should fill 60 to 70 percent of this void space., See Figures
15.2-1 to 15.2-4, Typical application rate for asphalt is shown
in Table 15.2-1. — '

Aggregates

Most hard aggregates such as sand, gravel, crushed stone, and
crushed slag can be used successfully for .surface  ireaiments.
The aggregate selected, however, must meet certain requirements
of size, shape, cleanliness, and surface properties.

‘Size of Aggregates

The aggregatée ‘should be as close to wuniform size as is
economically practical so the surface treatment will have only
one layer of aggregate. If there is much difference between the
largest and ‘the smallest size particles, the asphalt f£film may
completely cover the smaller sizes and prevent proper embedding
of the larger particles. 1f this happens, the courser ones may
be whipped oif easily by high speed iraffic.

Generally, the largest sizeé for a surface treatment aggregate
should be no more than twice the smallest wsize, with a
reasonable’ tolerance for oversize and undersize to aillow dfor
econcmical prodiction. S : s

The maximum size of the aggregate used also will determlne the
smoothness and- qu1etness of ‘the riding surface. ‘It has been
found that aggregates smaller than one-half inch diameter are
best for these criteria. '

Shape of Aggregates -

Shape of the particles is important in aggregates ‘for ' surface
treaments - the ideal shape being cubical or pyramidal. A large
amount of flat and elongated particles is undesirable  because
they may be completely covered if enough asphalt is used to hold
the cubical particles (see Figure 15.2-1): [If all particles are
flat and elongated it takes so little -asphalt to hold them that
control becomes difficult. Figure 15.2-3 illustrates this,
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TABLE@IS.Z—l .QUANTTTIES OF ASPHALT AND AGGREGATE FOR
SINGLE SURFACE TREATMENT AND SEAL COAT

- L R R P S Y Ra ey R e mm  d w ek b fem At b oA KR B ek B M A M e Bt T B R M mep e g e e ek G e S A e e e ey . M S G S pgn e e e et S R Oop R

Hard
Aggregate

Absorbent
Ageregate

Sand

= b
_ { Weight of } Volume of |
Size of 1 Aggrggate ! Asphglt ;
Aggregate | kg/m ! lit/m ;
: ! 1, 2 i 3, 4 }
3/4 to 3/8 in !° 22 - 27 1 1.8 - 2.3
(20 to 10 nm) | j
- 1 )
| =
o P _ A
1/2 to'No. 4.1 14 -16 1 1.1 - 1.4
(13 to 6 mm) | !
| !
] '
_ T ! i
3/8 to NO. 8 | 8 - 11 1 0.7 - 0.9
(10 to 3 mm) | !
1 []
o |
i/4 to No. 8 | 5 -8 1 0.5 - 0.7
(6 to 3 mm : i
1 }
! .
! b - 8 0.5 - 0.7
1 ) }
i A

120 - 150
RC/MC 3000
RS 2

RS-2K, RS-3K

200 - 300
RC/MC 250,800
RS 1, RS 2
R5-2K, RS-3K

RC/MC 250,800
RS 1, RS 2
RS-2K, RS-3K

RC/MC 250,800
RS-1, RS 2
RS-2K, RS-3K.

RC/MC 250,800
RS 1, RS 2
RS-2K, RS5-3K

RC/MC 3000

RS/2K,RS~-3K

RC/MC 250,800
RS 1, RS 2
R3-2X,R5~-3K

RC/MC 250,800
RS 1, RS 2
RS5-2K, R5-3K

RS/MC 250,800
R5 1, RS 2
RS5-2X, RS-3K

RC/MC 250,800
RS 1, R5 2
RS-2K, R5-3K

Source

The Asphalt Institute, Manual Series No.

ASPHALT SURFACE TREATMENT
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These quant1ties and types: of mater1als may be varied accordlng to
local conditions and experiencé. s
The lower application rates of asphalt shown in- table should be

-~ used for'aggregate having gradings on the fine sade of the: limits:
- specified.- "The higher application rates should -be used- for
~aggregate havxng gradlngs 'on-the C-eoarse s side of the limits

specified, ,
The . weight of aggregate shown in the table is based on 'aggregate
with a specific gravity of 2.65. In case: the specific gravity of
the aggregate used is lesg than 2,56 or more than 2.75 the - ameunt
shown in the table above should be multiplied by ‘the® tatio which
the bulk specific gravity of the aggregate used bears to 2.65.

Under certain conditions, MC liquid asphalts may be used

‘satisfactorily.

In some areas persistent difficulty in retaining aggregate has been

experlenced W1th 200-300 penetration asphalt cements,

NOTE. Slng]e Surface Treaiments. The maximum size aggregate should
not be  over 1/2 inch. Use line 2. For lighter surface
ireatments. uge line 3 or 4; however, lines 3 and 4 are
more for light seal coats., For sand seals use line 5.

Double Surface Treatmenis. The maximum size can be up to
3/4 inch. First course, use line 1; second course, use line
3 or 4. For ‘lighter deouble surface treaiments use’ for first
course, line 2; for second course, line 3 or 4.

Triple Surface Treatments. The maximum size aggregate is
-usualiy 3/4 inch. The following 1is- recommended;: first
course, line 1} second course, line 2; third course, line 3
or 4. For most situations, the best prohably is llnes 1, 2
and 4 for the three courses. :

4]
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AGGREGATE PARTICLES
ASPHALT

70% - VOIDS
FILLED

FIGURE 15.2-1 FLAT PARTICLES ARE COVERED WHEN ENOUGH
ASPHALT IS USED TO HOLD CUBICAL PARTICLES

AVERAGE LEAST — AGGREGATE PARTICLES

DIMENSION

- ASPHALT

FIGURE 15. 2-;2 ACGREGATE PARTICLES DROPPED BY SPREADER
LIE IN UNARRANGED POSITIONS

AVE#AGE .LEAST AGGR.EGATE PARTICLES

DIMENSION

ASPHALT

FIGURE 15.2-3 AFTER BEING SET BY TRAFFIC,
PARTICLES LIE ON FLATTEST SIDE
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AVERAGE LEAST DIMENSION, i2.5mm (1/21n,) -

00 O 55 60 4 0

100%. Voids Filled 2. 60Liter per Square Meter
70%,. Voids Filled——.. 1. 75 Liter per Square Meter
Difference..——._. 0.75 Liter per Square Metfer

rAVERAGE LEAST DIMENSION, 6.4 mm (1/41n.)

1009, Voids Filled .28 Liter per Square Meter
70% Veoids Filled....... 0.90Liter per Square Meter
- Difference -0, 38 Li‘ter per Square Meter

Example : Average Least Dimension 12.5 mm

Void of Aggregate = 20% x 0.0125 m¥m2 = 2500 en¥/m2

70% Void Filed with Asphalt = 70% x 2500 cmd/ m2

u

1

1.75 1/m2

FIGURE 15.2~4 GSURFACE TREATMENT WITH LARGER AGGREGATES
ARE LESS SENSITIVE TO SMALL VARIATIONS IN
ASPHALT APPLICATION THAN HHEN SMALLER
AGGREGATES ARE USED
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15.2.7

15.2.8

15.2.8

Cleanliness of Aggregates

Clean .aggregate is extremely important. If the particles are
dusty or coated with silt or clay, the asphali may not stick as
the dust  produces & film which will prevenl adhesion to the
aggregate, Good results cannot be assured wiih dusty or dirty
aggregate.

Adhesion

Good adhesion between the. aggregate and the asphalt and the

ability to retain it are essential to a successful surface
treatment. Adhesion, however,  is influenced by the many
variables described in the preceding sections of this chapier
and often there are jobs where ideal conditions cannot be
obtained. '

For example, wet clean aggregates do not adhere as well as dry
clean ones and the best adhesion is obtained when they are hot
and dry. Field conditions are such that

clean. cover aggregates will often contain some moisture and must
be used this way. This presenis no serious field problem when
the work 1is done in warm, dry weather which promotes rapid
drying. However, aggregate having free water will seldom

provide a satisfactory treatment.

Adhe51on between asphalt and aggregale often can be helped by a
thin. coating of kerosene on the aggregate applied by misting at
the rate of 2 to 4 liters of kerosene per ton of aggregate while
it is being loaded into the trucks by a belt conveyor or from a
bin at the plant.

Precoating the aggregate with a very thin film of asphalt
usually will solve the dust problem and provide good adhesion of
the asphalt to the aggregate. The aggregate is run through an
asphalt mixing plant dryer, cooled to under 90 C, then mixed in
the pugmill with about one percent MC-70 to coat each particile
thoroughly. The small amount of asphalt does not change the
aggregate from - a free flowing material which <¢an still be
applied with aggregate spreaders. The precoating adds to the
cost of the aggregate but the additional cost is often justified
by the better results cbtained.

Coarse Aggregate

Coafse aggregate is defined as all mineral material retained on
a No. 8 sieve {approximately 2.5 mm).
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16.2.10

15.2.11

Fine Aggregate

the aggregate is defined as hll_mihéfal;matter‘passing:a Nd. '8
sieve, ;timay cpngist of'natprglipr’mgpyféunreq_métef§al. :
Aggregate Quantitics Requi red

Studies have shown that exéept unusuall COnditioﬁs; ”only one

layer of aggregate will stick when it is spread -over sprayed
asphalt - any amount over that will be wasted. It is, therefore,

-essential foar economy that. the quantity = of aggregate needed be
* determined carefully. - : :
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15.3

16.8,1

15.3.2

15.3.3

EQUIPMENT
General

Successful surface treaiments depend lo a large extent on the
equipment used, its condition, and the way it is handled.  This
is why specifications generally require tha! the equipment be in
good mechanical condition, properly adjusted and free from wear
which would impair the quality of the work. But, whether
required or not, it is always good practice to make a careful
inspection, before operations begin to be sure all pieces are
clean, calibrated, and in top operating form.

Asphalt Distributer

The mosi important piece of equipment on a surface treatment -is
the asphalt distributor, It is made specifically to apply the
asphalt product uniformly to & surface in proper quantities and
to maintain the specified rate for the entire load, regardiess
of change in grade or direction.

The agphalt distributor consists of a truck (or trailer) on
which is- moiunted an:insulated tank with a heating systiem,
usually oil burning, with heat from the flue passing through the
tank. An armored thermometer, located in a well in the side of
the tank is provided for checking the temperature of the
asphait. The distributor alse has a power-driven pump which
will handle products ranging from light, cold application liquid
asphalt to heavy asphalt cements heated to spraying viscosity.
At the back end of the tank is a system of spray bars and
nozzles through which the asphalt is forced under pressure onto
the surface -of the road. These spray bars will cover widths
from 1.8 meter to 7.5 meter in one pass, depending on the pump
capacity.

- Aggregate Spreaders

The plece of eguipmenl next in importance to the asphalt
distributor is the aggregaie spreader. A good spreader,
operated properly, will conserve aggregate and produce a uniform
spread. Spreaders range from the simple vane type attached to a
truck tail gate to the highly efficient self-propelled type.
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'POWER DRIVEN PUMP, VALVE CONTROL BURNERS -

BAFFLE PLATE = o NG B\ [ Ry
—\
FLUES - >
BITUMETER - ) ' N
WHEEL | . N SPRAY BAR

FIGURE 15.3-1  ASPHALT DISTRIBUTOR
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FIGURE 15.3.2. VANE SPREADER

. e o 2
L e ]

FIGURE 15.3.4  FLOW OF AGGREGATE THROUGH A
SELF- PROPELLED SPREADER
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15.3.4

15.4

15.4.1

Rollers

Proper seating of the. aggregate part1c1es is-a very imporiant
part of the surface treatment oper&t:on. ' For this = purpose

self-propeiled smooth-tread pneumat1c tired ro]lers -be used. on

surface treatments. The resilient -tires on these rollers force -
the aggregate flrmly into the. esphalt blnder without crushxng
the particles. Steel-wheeled rollers ‘will ‘bridge over' the
smallier size partrcles and small depres51ons in the surface and
fail to press the aggregate 1n these places into. the asphalt
These _rollersQ also may crush the- softer partlcles so0 ‘that
degradation . takes place even before “traffic uses the new
surface. - If .steel-wheeled rollers.are used, they should. be
used only to supplement prenumatic-tired rollers.

All rollers proposed for use.on a job'must-be inspected for
compliance with the project specifications before operations
begin Hhere applxcahle check the follow1ng

1)"~Total welght TR R

2) Weight per inch of wxdth (steel wheeled rollers only)

3) Average contact : pressure “in pounds per squere -~ inch
.(pneumat1c txred rollers onlyr. . -~ - ‘ .

4) Mechanical condition, especially. as o abllxty t
start,-stop and reverse smoothly L

5} rPrecrse steering

In addxtlon to the 1tems llsted ahove, all tlres ~should be
checked for specrf1ed inflation. .The pFESSLre of" all tires must
not vary more than five pounds: per square inch between high - and
low. Tires should also be visually. 1nepected for ‘good condition
and - smooth tread Osclllat1ng wheels should be tested for
freedom to move- vertzcally o . e

Steel-wheeled rollers should be 1nspected wrth a sharp ‘metal
straight-edge for wear of wheel-rims. If grooves or-pits: have
worn into the rolling surface of the wheel, the roller. should
not be used on the job., The king pins should be - tested for
slackness and corrected if not right. 1If the wheel bearings are
found to - be worn excessively, they must be replaced before
operations begin. : : '

PREPARATION FOR CONSTRUCTION

General

¥hen all needed repalrs have been . made w:th1n the pro;ect
limits, ~there are still several steps to ‘coordinate before the
surface. treatment operation can gtart. “The weather haS' to be

right, the surfaoe must be cleaned, the" mater1al must he on the
job, and the. equlpment must be in good worklng order.
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15.4.2

15.4.3

15.4.4

15.4.5

?Weather

‘Weather has ‘an  important role ‘in- ‘the success .of surface

treatments. - A ‘time-of year should be selédcted for the surface
treating program when weather conditions are most likely to be
hot and dry during, and for some weeke efter,rthe treatment.

Many -SPecificetions reguire that_{he air temperature in the
shade be at least 50 F  before surface itreatment operations can
begin. Some are even more reallstzc and require that the

~temperature ‘0of the surface of -the:road be ‘above 80 F - before
‘work. can start = the sound reasoning -being that no matier how

hot ‘the asphalt is whén sprayed, it will cool to the- temperature
of the pavement surfare W1th1n one m1nute or less., o

Surface treat;ng shou]d never be started whxle the surface is

‘wet -or. when' it is-threatening to rain.:. . The combination of

watep, fresh surface-treatment, and traffic wxll result.in loss
of most of the cover aggregate - -

Cleanxng ‘the Surface

:The surface io- be treated must be cleaned lmmedlately before the

‘asphalt :is sprayed. ~All hardened -mud and other foreign matter
- must be removed and the’ surface thorough]y swept with power
' brooms. ‘ : :

Haterlal Oon the Job

The delivery,of materials to the job should be coordinated so

‘that there will be no delays after the work starts. If the
‘aggregate source is-not within a short distance of the project,

a sufficient number of trucks should be used to assure a
continuous supply or enough aggregate ito finish the whole job
should be stockpiled near the job site. The stockpile should be
built -well ‘enough in‘:advance of starting work s¢ that excess
water: will have drained from the aggregate.’ '

Asphalt delivery“shou]d be arranged so that there is enough on
the job to complete each day's work without delays.

Equ:pment in Good Order

Before work startis, all pieces of eQU1pment should be examined
to make certain they are in good working condition. The
digtributer operater should make sure’'that the spray bar is the
correct height above the surface and that all nozzles are clear

' and'"spraying freely = even if they -have been checked the night

before, © The  aggregatle spreade1 should be cheeked to. be sure
that 1t is worklng properly :
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156.5

15.5.1 -

15.5.2

At the end of each day's operation the equipment shouid be .
inspected and cleaned. All necessary preventive maintenance.
should be performed. at this time, too. Clean. equipment. that
seldom breaks down on the job not only saves money, it promotes

: pr:de of workmanshxp

SURFACE TREATMENT OPERATION

General

.The _asphalt ih'high quality surfaCe_treatménté“will -hbid the

aggregate and, .without over-filling the voids, will waterproof .

and = airpreof and airproof the surface.  To do this, a thin
membrane of asphalt must be sprayed over the surface without
streaking, drilling, or distortion of any kind. ' :

:The_covef aggregate should be unifdrmiy spread in less than  one

minute after the asphalt application. 'This requires. enough
trucks loaded with the aggregate to be standing by . to cover
completely the asphalt in the specified time. Careful timing
and coordination are absoluiely necessary {0 produce the desired
results. Immediately after application, the aggregate should be

o set - in place by rolllng to produce & smooth, tight surface of
even -texture. As soon as the asphalt has a definite .set or

hardening, rolllng should be discontinued or the bond between
the surface -and aggregate may be broken by the roller. Traffic
should be detoured or controlied to a speed of less than seven
miles per hour until the asphalt initially sets. This time will

vary according to weather conditions.

The first phase of the operation shduid not bégin until the
entire operation is ready to be completed without any delays.

Priming

~Priming is the initial. 1ncnrporat10n of asphalt 1nto the surface

of a non-asphalt base course for the fOllOWlng purposes

1) To waterproof the surface of the base

2) To plug capillary voids ,

3) To coat and bond loose mineral particles

4} To harden or toughen the surface- o

5) To promote adhesion between .the base and the surface
treatment '

From 0.2 to 0.5 gallon per square yard of low viscosity. liquigd
asphait 1is sprayed on the prepared surface of . the base and
aliowed to penetrate as far as possible. . If the asphalt is not
entirely absorbed by the base within 24 hours, the excess should
be blotted with just enough sand: to prevent pickup: under
traffic., Before beginning the surface treatment all of the
asphalt prime volatiles must have evaporated and all loose sand
should be swept from the base.
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15.5.3

" Spraying the Asphalt

Before the surface treating operation starts, .a line-should be
placed along the edge of the road to guide the driver of the
distributor truck. This can be done by establishing about two
feet outside the area to be surfaced a line of markers. (Rocks
will do). On city streets, the gutier line or the curb line can
be used as a guide. The distributor operators: must be very
careful to match the curb or gutter line'and not cut it short or
overlap it. It is desirable to protect the curb and gutter from
splash or overlap with a shield or building paper.

Each length of spread should be deétermined before beginning each
asphalt .application. The length of spread should be based
mainly on the number of loaded aggregate trucks on hand when
gperations begin. Another important factor is elapsed time
between - the spraving of asphaitt and the spreading of ihe

.aggregate, No - more asphalt should be applied than can be

covered with aggregate within one minute, Other considerations
in setting the lengih of spread are the amount of traffic to be
conirolled and intersections with other roads.

After all adjustments and checks discussed in Chapter Il are
made,  including heating the -asphalt to proper spraying
viscosity, application at the correct rate should present no
problems.. The distributor driver merely has to maintain the
preset speed is indicated on the dial of the bitumeter.

Cﬁecks on the amount of asphalt used should be made after each
run  with the distributor.. This.can be done quickly and easily

by calculating. the gallons per sguare yvard applied using, in the

formula below, the length and width of spread and gauge. stick
measurements made in the t{ank hefore and after the run.

Basic Formula

where:

Disiributor Speed, wm/min.
~Distributor Pump-output, lit/min.
- Spraved Width, m o :

= Rate of Spraying, lit/m

e
i m o n
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15.5.4

15.5.5

Caiéulation Example No. 1

“R'= 1.2 lit/m.
W=3.1m .
L =200 lit/min.
200 . . . s R
§ = wmmemm—e— =-53,.8 m/min. = (32 km/hr.)
3.1.% 1.2 ' : o

Calculation Example No; 2

R=2.0: Iit/m
¥=2a.1 m o
L =300 _lit/min.
300
8§ = mmm—r—--- =484 m/m1n. = (29 km/hr )
3 1 X 2,0

Transverse Joznts

Rough and uns;ghtly transverse Joxnts can . be ava:ded by starting
and stopping the asphalt and aggregate spread on building paper.

The paper should be placed across the lane to be treated and it
should- be placed so that the forward edge is - at the- desired
joint location. The distributor, traveling at the correct speed
for' the desired application rate, should star! spraying.on the

- paper so. that when it reaches the exposed surface the spray bar -

is - making 'a. full, uniform application. .A .second length of-
building - paper -should be placed across - the lane: at = the
predetermined cut-off point-for the distributor. This will give
a straight, sharp tiransverse Jjoint. After the = aggregate
spreader has passed - over it, the paper should be removed
immediately and destroyed. L P

Foer the next application, the leading edge of:the paper should
be placed on ithe previously laid treatment so it will -be within
one-half inch of the cut-off line. This will prevent - a gap
between the two spreads. '

Longitudinal Joints

Full width applications. of asphall and: aggregate will eliminate
longitudinal joints,:but in mosi.surface:treatment:work -traffic
must be maintained and the joint is. necessary, 'In addition,
full width coverage of asphalt should never be done unless the
distributor c¢an apply full pressure to all parts of the spray
bar and advance provisions are made to follow immediately with
full width coverage of aggregate.
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15.5.6

15.5.7

In. order: to. prevent.'aggregate from 'building- up  on the

longitudinal - joint, ‘the edge of the aggregate spread should
goincide with: the:edge of the full thickness of applied asphalt.

This will allow a width which can be overlapped when the asphalt
is" applied in the adjacent lane. Then, when the aggregate |is
spread for. the full width in the next lane there will -be no

build-up at ‘the jeoint.  The width of the asphalt sirip left

exposed will vary, depending on whether the height of the spray
bar ‘is set for a double or a triple lap and on the spacing of
the nozzles.

1f at all possible, the longitudinal joint should be along the
center line of the pavement being treated. An established guide

line shculd be used to assure a straight 10ng1tud1na1 joint.
-Spreadzng the Aggregate

: All. aggregate-needed for 'the planned spréad'should be on hand

bafore 'starting. When the distributor moves forward to spray
the asphalt, the aggregate spreader should start right behind
it. . It 'is essential that the asphalt be covered within one
minute or the increase in viscosity that takes place within that
time may prevent good wetting and binding of the aggregate. It
is - -algo :important that the aggregate be spread : uniformly
at the proper-rate. In a single application, aggregate normally
will not stick more than one particle. thick to. the asphalt, so
it is useless and wasteful to apply it at a rate greater than a
51ngle layer 1n thlcknass :

A high degree of control is pOSS1ble WIth mechanlcal spfeaders

pushed by a truck or with self-propelled spreaders. A uniform
application rate can be assured with a properly adjusted
gpreader- if .a tachometer is used to maintain uniform  speed.

”.Aﬁather help.in-controlling distribution rates -is laying off the
- .length which each truck load of aggregate should cover.

Excess aggregate,  if placed in some areas; should. be 'femaved
immediately with square end shovels. In areas where application

i8¢ insufficient, additional aggregate should be added. With
S properly  adjusted- and operated aggregate ‘spreaders, _however,
B hand work should not be necessary R :
“Rolling o

Rolllng seats the aggregate in the asphalt and thus prcmates the

bond which is necessary to resist traffic siresses.
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15.5.8

15.5.9

The Asphalt Institute recommends that a pneumatic-tired . roller
be - used on-all surface treatment jobs. While both - prenumatic-

~tired and: steel wheeled rollers have been used successfully, the

former -will give a uniform pressure over .the entire area while
the steel-wheeled vroller will hit only the high spots. In

~ addition, the contact pressures of -the pneumatic-tired roller

can be lowered to prevent crushing of soft aggregate. In any
case, iwo .self- propelled rollers should be used W1th each
aggregate apreader.

Ralling should begin with a pneumatic-tired roller immediately
after distribution of the cover material and continue until the
aggregate is properly seated in the binder. As . -soon -as the
asphalt  has a definite set or -hardening;, .rolling. should. be.
discontinued or the bond between the surface and aggregate might
be broken by the roller. Holling should ‘bhegin at:the.outer edge
of the treatment and proceed in a longitudinal direction,
working toward. the center of the road. BHach-trip should overlap
the previous trip by about one-half the width -of the front
wheels or roll. o co :

Brooming

- Properly distributed'aggregate will require ne: redistribution

and drag brooms should be prohibited. Broom dragging tends to

. shift the smaller particles to the bottom and prevents adhesion

of the ‘larger pariicles. Drag brooms also tend to-displace the
stuck ~aggregate by turning the asphalied side up so: that the
wheels of passing iraffic will p1ck it up.

RemOV1ng Excess Aggregate

In spzte of all precautlons, there usually will be :some. loose
aggregate on the road'surfaee'after.the rolling operation is
completed. Before the adjacent lane is covered  with -asphalt,
loose aggregate should be swept from along the Joxnt and, if

necessary, from the rest of the uncovéred lane.

Aggregat° wh1ch does not st1ck creates a problem since t1res on
fast-moving vehicles wil! pick up the loose particles and throw
them against following vehicles, often  damaging headlights,
windshields, and finish. This loose aggregate may be removed by
lightly brooming with a rotary power broom during the ‘tool of
early morning, after final set of the asphalt has occurred.
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15.5.10

_ Traffic Control

Control of traffic through the work area is important to high
quality work, Hizh speed traffic over-a fresh surface treatment
displaces the aggregate and produces a slick, black surface.
Traffic should be detoured or‘allowed only in the lane not under
consiruction. Whenr work is completed and initial asphalt set
has . occurred, traffic:.should be controlled to less than 30 kms
per hour until final asphalt set, The time until final set will
vary with the weather. Traffic should be directed through the
work area in a manner designed to provide maximum safety for the
workmen -and the least pessible interruption of +the work,

“Traffie —contrel should be mainiained throughout the job. The

best way to control traffie is with warning signs, flagmen, and
a pilot truck, leading vehicles past the work.

Traffic control also should extend to the hauling equipment.
The aggregate trucks should be routed to the aggregate : spreader
in a direction opposite to the progress of the surface treatment

operation. This prevents them from turning on the {freshly

placed treatment. All trucks should be reguired to turn  around
at -a designated spot away from the new work for their return
trip to the stockpile,
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15.6°

15.7

DOUBLE SURFACE TREATMENT

The largest size aggregate is placed in the lower course with
succeeding courses using smaller aggregate. A good: general rule
is that the second course aggregate should be about . half the.
size of the firsi course agglegate. , _

For example, 1f the flrst course aggregate is predomlnantly one

inch to one-half inch in size, the sécond course should be one-
half ‘inch - to  one-quarter inch. The:  total th:ckness, using
normal aggregate, for a double surface: treatment with the. first
two- aggregates would be about one inch. Wlth large percentages
of flat particles in the aggregate, thlcknesses would be less,

'The quantlty nf each sxze ef aggregate for a double surface

treatment is that amount requ1red to cover the surface one stone
thick. This spread - quantity should . be .determined W1th no

';allowance being made for spreadlng xnaccura01es

Constructxon; procedures =for duuhle surface treatments - are

- essentially the same as those for S;ngl& surface treatments

except that the process is repeated. The procedure for a double
surface treatment consists of the fellowing steps:

(1) Placing first course asphait
(2} Placing first course aggregate
(3) Rolling first course aggregate
(4) Placing second course asphalt
(6) Placing second course aggregate
{6} Rolling second course aggregate

There should be proper cﬁring between each treatment.

For a three course surface treaiment steps 4, &5 and 6 are
repeated for the third course.

EXAMPLES OF SURFACE TREATMENT

(1> A prime and single surface treatment on a newly—cohstructed
(fully cured) cement stabilized gravel base: Expected
traffic 100 commercial vehicles per day.

Prime:_ MC~70 cut-back bitumen applied at the rate of 0.7
lit./m _

Surface Treatment: MC-3000 cut-back applied ai 1.1 I/m® and

covered with 10 mm noménal sized cubical chippings applied
at the rate of 12 kg/m”
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(2)

A:prime and double surface ireatment on a newly-constructed

~dense- crushed-stone natural gravel base: Fxpected traffic
200 commercxal veh1cles per day

::Prlme: MC—?O cut-back asphalt applied at the rate of 0.9

Clit./me

First: MC -3000 cut-back applied at the rate of 1.0 1/m

l coveged .with 14 mm ¢ubical chlpplngs at the rate of 14

kg/m
Second TreatmeBt MC 3000 cut—back.asphalt applied at the

rate of 1. % 1/m* and covered with 10 mm (3/8 in) chippings
at 12 kg/m
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Note:

Best "resulis -will .be obtained with ‘double surface
treatment . if ihe sizes of chippings used in the two
treatments differ by at least 50 per cent and if the
second dressing is delayed for some months afier the road
“is opened to traffic, in which case each dressing should
be designed as a single surface treatment as cutlined in
{1) above. '

These examples are given to indicate the kind of design likely
to give satisfactory surface treatment in  the ..circumstances
quoted. [t is recommended that the engineer responsible should
derive designs. .suitable for local conditions using available
materials from carefully-conducted road trials.

3

Double Bituminous Surface Treatment (DBST) with Seal Coat
in the Province of Cavite

The following DBST pavement construction was carried out on
the low to medium traffic volume Provincial Roads in the
Province of Cavite since 1982 i{o 1984. 1Its length is about

97 xm and those DBST pavements showed mostly adequate

performance for more than five vyears after their
compietion. -Some road sections of those DBST pavements are
now under vrehabilitation with bem of asphalt concrete
pverlay. in other road sections where the underground
water table 1is low and subgrade bearing capacity is
relatively high, DBST pavements are stil} showing good
performance afier 7 years iraffic services.

a) Base Course : Well graded crushed stone éggregate
and the standard thickness of 15 om.

b) Prime Coat : Emulsified Asphalt C85-1h
Application rate is 1.2 to 1.4 -1/m2
for the diluted emaisified asphalt
by an - equal volume water to
facilitate its penetration into the
base course surface.

¢) Application Rates for Asphalt Binder  and
Chippings:

These are shown in Table 15.7-1
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TABLE 15.,7-~1 QUANTITiES OF MATERIALS AND SEQUENCE OF OPERATION

DoubleiBi{uminnus Surface Treatment with Seal Coat
using Emu)lsified Asphalt CS85-1h

(DBST Pavement Construction in the Province of

Cavite)

| | Bituminous |} " Aggregate kg/m? 5
| : | Bénder I*"'“"’E""T; ————— i ﬁ»~%
S : tke/m I 3/4 1 3/8° | 1/4 g
! i i 20-10mm | 10-Bmm { 6-2mm |
{First Layer: | : i : i
} ' ' i ! | !
| Spray Bit. Binder | 1.3 to 1.4 1 1 '

| } | ] i !
| Spread Aggregate } i 18 ! ! |
A ) i | | H !
! | H ! H !
“{Second -Layer: ! : i } i
| _ ! } | i !
H Spray Bit. Binder | 1.6 to 1.8 | | i i
i R . 1 3 1 [ I
13 - ] ! i 1 ]
1 Spread Aggregaie ! | : 11 i |
oo ! ! i ] |
TR | : : i i
iSeal Coat: ! } ! ! }
i : | | ; ! i
! Spray Bit. Binder 1| 0.8 to 1.0 ! ; | |
P ' i : ! i ! |
} Spread Aggregate | | i ! 6 )
] i ' i ! i

(4) Fquipment:

Emulsified Asphalt was sprayed by asphalt distributor and
aggregates were immediately spread on the sprayed top by
mechanical spreader mounted at the rear of dumpiruck.
Rolling, immediately following the aggregate spreading, was
insured by pneumatic tired roller.
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16.1

16.2

16.2.1

16.2.2

CHAPTER 16 = -

BITUMINOUS PENETRATION MACADAM PAVEMENT

. GENERAL -

" This method 15 {0 construct a surféce'”coﬁrse ‘with a high

stability by supporting the load through the use of interlock of

“aggregate spread on the base: course and preventing the movement

of aggregate by means of adhesion and viscosity of bituminous
materlals sprayed and penetrated in to the surface course.

Th1s method is achleved through hot or coid spray1ng of
bituminous materials, according to their v1sc051ty. :

MATERIALS
Asphalt

Asphalt used for pehetration macadam ihcludes'straight asphalt,
asphalt emulsion and cui-back asphalt.

1) The peneiration of straight asphalt should range from 85 to
200, based on traffic volume and temperature at the time of-
construction, In warmer seasons, those with a penetration
of 85-160 are commonly used. Appropriate asphalt should be
chosen, taking into consideration the previous construction
experience in the region.

2) Typical asphalt emulsion used is cat-ionic emulsion. These
cationic emulsion products have better adhesion to aggregate
than anionic  emulsion and can be effectively used for
construction when vehicles are allowed to use the . pavement
shortly after construction.

3) Cui-back  asphalt commonly used are MC-800 ~and 3000.
"Products having higher viscosity at . normal temperature
should. be heated before spraying, until- the temperature
suitable for spraying.is attained. o : '

Aggregate

Aggregate for this method is single-sized crushed stone. The
particle shape should be carefully checked, as improper shape
will lose the interlock capabilities of the aggregate.
Especially when considering crushed gravel more than 75% by
weight percentage of the fraction retained on a 4.7bmm 31eve
should have two or more fractured surfaces.
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16.2.3

Crushed stone should. have a clean surface, because of the
importance of its adhesgion to  bituminous materials.

'Consequently, care should be taken to prevent the mixing of dust
- or mud durlng its storage.

In addztlen, crushed stone shou}d be solid and hard to break, If
crushed stone breaks during compaction, bituminous materials may
not- adhere to some of the fractured surfaces of -the crushed
stone, or gaps between the crushed stone be . eliminated, _
resulting in the prevention of the penetration - of - bituminous

materials. The crushed stone used for this method should have
low water absorption.

Standard Quantities of Materials

Figures 16.2~1 {0-16.2=-3 show standard quantities of materials.
The uppermost layer is seal coat. Table 16.2-1 alsc shows the
example of quantities of materials and sequence of operation for
using emulsified asphalt, It is desirable that the spraying
amount of each .layer be changed depending on the season of
consiruction; mere in ‘the lower layers being in hot season, and
more in the upper layers in cool season.

"The surface course of - the penetratlon macadam method should
_ always® be provided "with a seal "coat to make the surface

impermeable, as the penetration of rain water could
significantly affect its durability.’ -



For Surfuce C.ourse Wlth qa. Thickness of 5cm _

Pack coat or prime coat

Base Course

SKg

Crushed stone 5-2 mm .
Asphalt 0.7 ~0.91L
Crushed stone 6-2 mm  6Kg
Asphalt. . . 0.8~ 11L
“Crushed stone:)0- 5mm itKe
- Asphalt 12~ 1.5L
Crushed stone 20~ IG'mm  IBKg
“Asphalt : 2.2~2.4L
) Crushed &tone 40- 20mm - BOKg -

FIGURE 16.2~1

TFOR ‘PENETRATION MACADAM
(ASPHALT CEMENT)

For Surfdce Course

_ Crushed stone 5~2. mm 6Kg-

~ Cut-back asphalt _ 0.7’~ 0.9L]

" Crushed stone 5~2 mm
Cut-back asphalt I O~ i EL
Crushed stone 1.'~5 mm 11 Kg
Cut-beck asphait lL4~1.61L
Crushed stone 20~1. mm 15Ky
Cut-back asphalt 2,2~2.41

{1) Crushed stone 40~ O mm 80 Kg

Tack coat or prime coat e

Base Course

With ¢ Thickness of Scm

Crushed Stone

s Kg. -
Straight Asphalt
. B.I~5.41

MATERIALS STANDARD QUANTITIES

FIGURE 16.2-2 MATERIALS STANDARD QUANTITIES
FOR PENETRATION MACADAM
* (CUT-BACK ASPHALT)

Foi Surface Course With g Thickness o

L .

/(1)

Base Course

FIGURE 16.2-3

f Bem
9) Crushed stone 5~2,. mm 6 Kag A
8} Emulsified asphait LO~1.2}
7} Crushed stone 5~2. mm 6 Kg
6) Emulsified asphalt 1.0~ 121
5} Crushed stone 10~5 mm liKg
(4) Emulsified asphalt L4~1. 61.
{3y Crushed stone 20~10mm |5 Kg
(2) Emulsified asphait 2.4~2.6l
Crushed stone40~20 mm  BOK)
Tack coat or prime coat -

(EMULSIFIED ASPHALT)

| . 0.7~0.9
Crushed Ston
i18Kg ¢ j.O~1.2
Cut'back Asphalt
B5.6~5.21L {.4~1.6
2.2~2.9
Critshed Stone
it8 Kg
Emulsified Asphalt
6.0~6.3

MATERIALS STANDARD QUANTITIES
FOR PENETRATION MACADAM



TABLE 16.2-1 QUANTITIES OF MATERIALS AND SEQUENCE OF
: - OPERATION FOR ASPHALT PENETRATION MACADAM
EMULSIFIED ASPHALT: Sem THICKNESS

Emulsified
Asphalt

Layer Aggregates

Base !KeystonelKeystoneléover
40-20mmi20-10mm ! 10-6mm | Sand
| i i
) 2
Kg/m

Macadam Base Layer: .
Spread Aggregates BO
Firgt Layer:
_Spray Asphalt:
Spread Aggregates

2.7

[
[

Second Layer:
Spray Asphalt
Spread Aggregates

1.8
11

Tﬁird_Layer:
Spray Asphalt
Spread Aggregates

1.5

—— e MR e e e e i e e mwn e ——
—— i A R Wy e A i mam e e - —— —— —-

BN S et o e mw e e mm e e e e o

[y
[

Total 6.0,

e e e e M A tRAR R R AT e e e M Al A e mem i wmre i e e e

R MR e B e MRy e W e e e e e aeer

16.3  EQUIPMENT

The main equipment fof the constiruction of asphalt penetration
macadam are mostly same as that of asphalt surface treatment.

(1) Aspha]t dzstrlbutor or pressurized asphalt sprayer
(2) Aggregate spreader
{3) Rollers :

a) Macadam roller - for compaction of macadam base layer.

b) Pneumatic tired roller - for compactlon of keystone and
cover aggregate layers.
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16.4

16.4.1

16.4.2

16.4.3

CONSTRUCTION

Prlor to constructlon, the base ‘course should be checked 1f it

is thoroughly compacted and is free of foreign matter, such as
dust. After applying a tack coat to the base course, the surface

~ course should be constructed in the fOllOWlng manner.

Note: When: the surface course is constrncted immediately
after the construction of the base course, a tack coat is
not-applied. : :

Spreading of macadam base aggregate

Ageregate shoﬁld be evenly and uniformly spread in the reguired .

. amount, either  manually or using a - spreader. It should . be

carefully spread, as the thickness of  thé  spread . aggregate
controls the thickness of the finished surface course.

After spreading the macadam aggregate, that with excessively
large size, or flat or elongated. shape and pieces of ‘wood or
foreign matter should be removed.

Compaction of macadam base aggregate layer

Compaction is de31rab1y conducted u31ng a rol]er not. so. heavy as
to crush the aggregate, until the aggregate achieves a full
interlock,. at a speed of 3km/h or less, u51ng a macadam rcller
of 10 tons or more. ‘ :

Compaction should be conducted Iongitudinall?,“stértihg from the
road side to center line, making an overlap of half of: the width
0of the rear wheel.

Spraying of asphali

Generally, asphalt should be sprayed by a distributor or ‘an
engine sprayer. The spraying machine should be able to. provide
sufficient pressure.io assure the peneiration of the bituminous
material into the aggregate layer, 1% should be equipped with a
meter if possible. ' :

During spraying care should be taken nof to spray on the " strip
already sprayed. '

Straight asphalt and cut-back asphali should be heated so that
the viscosity in the range of 50. to 200 - cSt(Saybolt-Failure
viscosity 25 to 100 seconds). Direct heating of cut-back asphalt
with fire should be conducted carefully, as careless opération
may cause a fire due to its inflammability (a fire extinguisher
should be on hand).
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©16.4.4

16.4.5

Keystone and cover aggregate

Keystone should be uniformly spread in the reguired amount to
fili the gaps in the macadam aggregate. Cover aggregate should
be spread in the required amount to fill the gaps on the
surface. Since cover aggregate tends to be spread unevenly and

pile up, it should be spread evenly using a broom.

' =When'*spraying,héated_bitumihous materials, keystone . and cover
‘aggregate - should be: spread while the sprayed bituminous

materials are still warm.

: Aggfegaté should be spread immediately after the spraying of
- the asphalt_emﬁlsion, and befere breaking of the emulsion takes

place.
Compaction of Keysione and cover aggregate

Keystone -and: cover-'aggregate should. be ;iiéhtly compacted,

“‘because, unlike macadam. aggregates, they are expected to play a
‘role as a-wedge forced into the surface. Excessive compaction

using a heavy steel wheel roller should be avoided, as it could
loosen the interlocking of the . aggregate.

On the day of cbnstruétion, tréffic should only be permitted at

~a .speed -of 20km/h or-less, to avoid the disturbance of the

surface-by passing vehicles. .

For some time after the consiruction, the pavement should be
carefully - observed as - it gradually settles through the
compaction by passing vehicles and its density increases. Any
defects observed should be immediately corrected.
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17.1

17.2

17.2.1

17.2.2

CHAPTER 17

HOT MIX ASPHALT CONCRETE COURSE -

© GENERAL

Asphait concrete  surface course which is under the immediate
influence. of traffic load -and- exposed to -the : elements,

consiructed of hot asphalt mix. The type of hot:  mix. used is

selected based on conditions of use, traffic, climate, ete.

. In designing 'the hot mix, particular care should be - taken in
‘material selection, grading of aggréegates, and determination of

the asphalt content in order to achieve the —required
properties.

In construction, aggregates should be properly dried, heated and
mixed before being used. The hot mix delivered .to - job site
should be uniformly spread and’'leveled, rolled and.. compacted
while hot to achieve the required density as well as. an even and
homogenous  surface. Since workmanship has an impbortant bearing
on the quality of the resultant pavement, it is essential that
work performance be properly controlled.

The - standard types of asphalt mix used in surface -courses, as
shown in Table 17.1-1 are designated as dense graded asphaltl
concretes,

‘MIX DESIGN

General

The asphalt mix should be designed, using materials of the
required gquality, to achieve a product of high stability,
durability, skid resistance and workability ~throughout the
processes of mixing, -placing, compacting and finishing
operations.

In principle, mix designs for surface courses should base on the
Marshall method. However, where the use of a certain mix design
and the materials invoived has been proved by past experience to
be of satisfactory result, and where the scale of pavement
construetion is small, such design process can be omitted.

Mix Design Process

The process of mix design is as follows:

1) Test specimen are prepared from samples of gselected
materials which satisfy the quality requiremenis and are

available in sufficiént quantity and with consistent
quality. ‘
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2)

3

4)

The mix proportion of aggregates is determined so that the
combined grading of the mix complies with the grading
requiirements specified in Table 17.2-1, and forms a
satigfactory grading curve when graphed.

The” design asphalt conient corresponding to the combined
aggregate is determined in accordance with the method
described in Section 17.2.3,

Test mixing is performed at the plant, based on presumed mix

_ratios. of materials from the cold feeder and the hot bin.

Qualities of the test mix are compared again with the

_eriteria of satisfactory mixes, and the condition of test

pavement is - observed “in the field. According to -
interpretations of these results, the laboratory mix formula
is modified if necessary, to establish the design job -mix.
Where - & permanent plant is used, test mixing is performed

‘with reference to the quality control data of the daily

operation,

Note 1, Normally, the “curve produced by connecting the
medium values of the ranges of aggregate size
shown in Table is taken as the target grading
curve. However, where it is difficult to achieve a
grading which coincides with the target curve, the
closest possible grading curve within ‘the
required range is taken as the alternative,

Note 2. Grading  of the aggregate sample used during - the
design . process is determined taking into
consideration the estimated quantity of the
oversized fraction removed at the plant, and the
fine fraction removed by the dust collector.

Note 3. A gap graded aggregate is normally obtained by
combining a single-sized coarse aggregate with
fine sand, and it should be noted that a gap
graded material cannot be achieved 1if fine sand
is unavailable. Where unavoidable it is advisable
to devise a mix type and mix formula which
consist of the obtainable grading and at the same
time satisfies the performance reguirements.

Note 4. The proportion of aggregate passing a 0.074 mm
sieve. against the quantify of asphalt is normally
0.8 to 12.0 times for common regions.

Note 5. In - combining screenings and natural sand, it is
desirable that proportion of the screenings be
smaller than that of the sand.

Note 6. It is desirable that of a combined aggregate, the
fraction passing a 0.075 mm sieve consists of
smaller proportion of dust from the bag {filter
than that from the mineral powder bin.
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CTABLE 17.1-1 TYPICAL DENSE GRADED ASPHALT CONCRETE

[} : . . . .
'DPWH Specification 1987 . an _
- |Heotl Plant Mix Bituminous!Manual for Asphalt

] .
iJapan Road Association

1Concrete tPavement. .
| _ : . 1989
i Type D ~ Type Foo L
- - . 1 t ..
_ N - ! _ L i :
Finished Thickness cm. | 375 \ 3™5
- : | i B P S, _
Sieve Size i Percentage Passing by Weight
, L ! - KRR
25 . mm.  lin. .} o ! - ! 100 o
19 mm. 3/4 in. i 100 A 100 - . | 95-100 . : 100
12.5  mm. 1/2 in, i 95-100 i 95-100 1. 75-90. 95-100
9.5 mm. 3/8 in i 74-92 i - | .
4.75 mm. No, 4 i 48-70 i 4b-65 i 45-65 56~70
2.36 mm,.  No. 8 i 83-b63 i 33-53 I 36-65 - .. 3b-bb
0.6800mm. - No. 30 ! 15~-30 ioo- i 18-30 18-30
0.300mm. No. 5O P 10-20 1.10-20 1-10-21 10-21
0.075mm. No, 200 i 4-9 i 3-8 I 4-8 4-8
. 1 1 1
s : i i : 1 .
Asphalt Content (%) i B~
{
Asphali Cement ! 60770
i - 857100
1
]

Penetration Grade
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17.2.3

Design Asphalt Content

(1

(23

The desxgn asphalt content corresponding to the un1t volume

"of design aggregate mix of a satisfactory combined grading

is determined by the following process.

a) Within the range indicated in Table 17.2-1 for the
selected mix type, Marshall test specimens are prepared
of alternative asphalt mixes, with the asphalt content
varying at 0.5% intervals. '

by Density, stability and flow value of the specimens are
determined and the total voids in the mixture and the
percent of the aggregate voids filled with asphalt are

" computed.:

¢) Test resul ts are graphed in smootih curves as
illustrated in Fig, 17.2=1 using arithmetic scales to
indicate the asphalt content on x-axis; and the density
of the total mix, the itotal wvoids, the percentage of
voids filled with asphalt, the stability, and the flow
value respectively -on the y-axis - of the individual
curves., : : .

d) The. ranges nf_.aspha]t content which  satisfy the
individual -eriteria -specified in Table 17.2-1 are
found from the curves thus produced.

e) The common range of asphalt content which satisfies all

the criteria - (hereinafter referred to as the common

. range) is obtained, and its medium value is taken as

the design asphalt content for normal cases. In cases

of pavements in common regions where visible rutting is

iikely +to develop, a smaller value within the common

range may . be adopted; and for pavements of light

traffic roads a larger value within the common range
may be chosen.

1f any known example of pavement constructed of - the same
material and mix design exists and demonstrates
satisfactory performance the asphali confent of such
pavemant can be adopted as the design asphalt content.



TABLE 17.2-1 TYPICAL MARSHALL DESIGN CRITERIA FOR: DENSE
ASPHALT CONCRETE SURFACE MIXTURE

Marshall Method ~“Surface. Course

Mix Criteria _ Min. Max.
Stability . (kgL Y - BOO . e
Flow - ©-{0,01 cm) .20 40
Percent Air Voids %y - 3 o6
Aggregates Void Filled

W:th Asphalt %) : 70 85
Source: Japan Road Association, Manual Fnr-Asphalt

Pavement 1981

17.3

17.3.1

17.8.2

-MIXING AND TRANSPORTING OPERATIONS
General

The asphalt mix. is produced at a mixing plant and transported ito
construction site on demand. The mixing plant should be capable
of satisfying the demand both quantitatively and qualitatively
and should also be furnished with -all necessary means of
environmental protection, such as dust contrel facilities,

Two types of ésphalt plants which differ in the system of
material measurement exist, namely: batch mix plants and the
continuous mix plants. A batch mixer weighs the individual

-materials separately by batches whereas a continuous mixer has &

feeder  which measures all the materaals by vulume in continues
ope1at1on . .

A permanent plant should be capable of -coping with the
anticipated. market - demand, whereas, - a -.temporary plant
established for use in a specific construction project should be
capable of catering for the material requirements of that

' progect

Mixing Plant

Functiona} elementis of a mixing plant generally include the
facility site, material storage facilities, the plant, the truck
scale, power facilities, equipment storage, the laboratory, the
office, personnel guarters, equipment maintenance sheds, etc.
Since each functional element needs to be in harmony with the
others in order to be fully used, proper planning and
consideration should be made in establishing a mixing plant.
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mix

(%)

Voids

(%)

filied

Voids

Density of total

o R - r
ol W o of
bt O Y

o
-
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2.30

40
80
70
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2000

£ 1900 > ////
£ 1800 -
R q/ //
. 2 o0
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: . = 1600 , t
"
) S 1500
=

— £
A\ -..l._ <§ 14 ////
K00 S /
/ A A > 7
V 4 ~ i ‘
;/Q/ /j// g o 744
A0 VA 74
Density of
total mix

Voids .

/ / A _/ 4’4 Voids filled : ,
' |
) ' Marshall : i
Stability ! ]
Flow Value f ! —
5.0 55 60 65 7.0 t {
; {
Asphalt Content (%) Common
range

Asphat Content Common
Range 5.4-6.2%
Medium Value 5.8 %

50 5% 6.0 65 7.0

Asphalt Content {%)

FIGURE 17.2-1 EXAMPLE OF GRAPHICS FOR DETERMINATION
OF DESIGN ASPHALT
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1?'303 V

Mlxlng Operation

Ry

(2)

General. In order that. the requzred mix! is aiways be Safely

-and  continuously produced, it is vital that equipment be

inspected cand - adjusted prior to the mixing operation and
that performance of such operation be properly  controlled.
0f the two types of mixers stated previously. this section

;_deals with batch mix plants.

Preparation for ‘Mixing Operatioh. The nuéual process ' of
preparing mixing operation for a batch mix plant is  as
follows:

1) Inspection aﬁd adjustment of the plént.
2) Determining the jeb mix formula,

i) In accordance with the proportion of aggregate mix
determined by laboratory mix design, and the
capacity of the plant (tons/hr.}, the cold feeder
gate is adjusted and aggregates are fed.

ii) After mixing and heating, the combined aggregate is
- sieved and divided by grading into. classified 'hot
~ bins.Samples are then taken from the individual hot
bins. Based on sieve analyses, the. proportions  of
aggregate  from individual hot bins is  then
defermined in accordance with the comblned gradlng

of the laboratory mix desxgn. L .

{i1) The ~weight' to be neasured from - each - bin . of
aggregate, mineral powder and asphalt is then
‘determined based on the mixing capacity per batch of
the plant and the mix ratios of hot-bin aggregates.

33 Trial batch test. After determining the mix proportions
of hot bins based on laboratory test mix results, irial
batch testing should be performed at the plant o
confirm the gquality of the product mix and also to
establish the operation standards. In ' the case: of
permanent plant, such a trial batch testing operatlon
should be performed on a regular basis or - whenever a
change of any.materlal is planned.

Quality control of the plant operation is almed
consistency of the product based on the target job 'mix
formula determined by trial baich test. The major

points  to be cbserved, confirmed and determined durlng,-_

trial bateh testing are as follows:
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“i)

Confirmation of thé proportioning of hot-bins.

" .. The .combined grading is checked against gradings of

i)

iii)

ivy .

v)

the hot-bin materials and the mix formula, and test
mixing of material sampled from individual bins is
performed to confirm vhether the resultant grading
satisfies the target aggregate grading requirement.

. The balance between the quantity consumed and that
remaining in stock is checked.

“Determining the asphalt content.

. Trial batch testing is performed based on the opitimum
asphalit content obtained in a laboratory mix,
together with alternative mixes  having slight
variation in asphalt content (normally-optimum
asphalt content +0.3%).

.. Trial  mix are subjected to Marshall test specimens
and. the test data is compared with the test results
of the laboratory mix. The aggregate grading and
asphalt contents of the irial mixes are confirmed by
sample testing.

. The . asphalt content is determined based on studies
- mentioned above and also observation of the resultant
mixes.

Determlnlng the mixing time. The mixing time .is
determined based on - observation of the coating

conditions on the aggregate.

Detefmining the mixing temperature.

The mixing temperatu?e is determined hased on
consideration of the compaction temperature and the
heat loss during transporting and paving operations.

. The temperature of the heated aggregate required to
achieve the mixing temperature is determined from the
temperature of the mix immediately after its
praduction.

Ohservatlon of the mix.:Observation of the mix are made
to answer the foliowing questlons.

Is the_aspha!t content approprlate.?

. Is the mix dry ?

. Is the mixing temperature appropriate 7. .
Is there any sign of material = segregation in the
mix ?

. Is the mix easy to work with ¢

. Is the mix easy to compact 7



17.3.4

17.4

17.4.1

17.4.2

vi). Determining the ‘job mix. The final job mix : formula is
determined -based on resulis of tests stated in above
paragraphs 1) through iv) and observation of the “trial
mix stated in’ paragraph V). o

3 'Dally Inspectxon- . 0f  the Plant Ail parts of the plant

shouid ke - properly 1nspected ‘daily before beginning
cperation, Suech daily inspection should be conducted
systematically on a check-list basis. -

(4) Mix. Production. During mix.productioh, the batching plant
should be operated, paying attention to any cautions
mentloned in. its operation instructions,

Transportatlon

For transporting the asphalt mix, a clean vehicle shouid be
used. To preserve its heat and to prevent contamination by
foreign matter, it is advisable that the "mixture be covered
by means of a sheet for example, during transportation. In
‘order to  prevent adhesion -of the asphalt mix, it is
advisable to coat the inside surfaces of the loading bed of
the wvehicle with 0il. However, attention should be paid to
minimizing the amount of oil coat 51nce it tends to cut back
the asphalt

" PAVING OPERATION

General

As workmanship of binder and surface course. construction has
an important bearing on traffic safety, wear and weather
resistance qualities of the pavement, paving operation should be
perfnrmed to satisfying the followlng objectaves :

1> To correctly and evenly f1n1sh 10 the required €ross
section and profile.

2) -To achieve as high a densiiy as possible.

3) Toe obtain a uniform texture in accordance with the
type of asphalt mix.

Paving_Equipment

Principal paving .equipment includes asphalti:: finishers for
spreading and  ‘leveling the hot mix, and -compacting machines.
Paving tools include dlstrxbutors, asphalt sprayers, etc. for
spraying asphalt .

Examples : of combined wuse of varlous pavement equipment are
shown in Table 17.4-1. Co o



17.4.3 'Preparation.of.Paving-Operations

(1) Preparatidn df Paviﬁg Equipmeni

D

Inspection and adjustment of ‘equipment. Prior to paving
operations , the number, condition, wear. and tear of
parts, and availability of spares of the equipment and
tools should be examined so that no retardation of work
will be caused by any unsatisfactory equipment
situation during execution of the works.

Particular aitention should be paid in checking the
‘tondition: of .the distributor, finisher, roeller etc.
‘Since their breaking down would greatly influence the
progress of pavement exXecution.

TABLE 17.4-1 EXAMPLES OF COMBINATION OF PAVING EQUIPMENT

Plant Capacityi

1
1
1
3 T
1
L}
]

30t/hr.i60t/hrt Remarks

: o L 2 P .
~For hot mix spreading and ':

levelling : o

Finisher I unitil unit
‘For compaction : : H

Macadam roller 1
. Tandem roller .- (1) 1 8 tons or more

t
]
E
¥
:
}
=
1
i ] :
1 } 10 tons or more
=
1
t
1
L}
:
|
:
|
=

Pneumatic tire roller -1 1 15 tons or more

Asphali distributor (1> 1 For prime and tack

Asphalt sprayer coating

For pavement Cleaning : - . For sweeping of binder,
(1 1 |base or subbase courses,

Sweeper

i

I

1

1

;

!

!

]

. L ) o
For spraying asphalt @ !
]

i

i

!

!

|

!

!

lany convenient means
isuch as a broom, a deck

;
:
¥
1
1 P
|
'
|
;
; ibrush etc. may be used.
|

Tools: Rake,
kettle, wheeled tool heater, hammer, shovel etc.
Note : Figures in {.) indicate optional equipment. .

(2

2)

tute, tamper, smoother, cutter, form, pin, small

'Heating.-of tools, Shbvels, rakes, iamperé, " smoothers,

and other tools should be heated prior to their use for
working ease and prevention of adhesion o0f the asphaltl
mix. '

Ingpection of the Base Cuufse

1

Before placing the asphalt mix, the base course surface
should be c¢leared of dirt, mud, pebbles and so on.
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17.4.4

17.4.5

17.4.6

17.4.7

2) The base course should be examined to.-discover -any -
defect, such as an unstable spot having locally
unsuitable asphalt content, or any local softening: of
material due to the presence of water, or . any. uneven
surface. All such -defects should be mended - when
‘discavered. o .

Tack Coating
A tack coat is:appliedvto-the.surfébeﬁofsanjunderlying course By:

spraying emulsified asphalt uniformly over .it, to facilitate a
tighter 'bond with ‘the asphalt mix laid upon :it. After tack

.coating the surface course should be laid immediately to. avoid
-~ the - ‘adhesion . of any extrancous matter. The unit  quantity of

emulsified asphalt used in tack coating is within the range 0.4
to 0.8 1/m?

Spreading
In the use of hot mix forfﬁavement'cbnstruction,_ it is very

important . that all operations involved be completed before the
mixture cools. It is therefore essential that the mixture be

spread, levelled and shaped uniformly to: the corréct form
imnediately after its delivery to theé siie, :

Laying of the asphalt :is normally done by means of an asphalt
finisher. However, manual execution 'is also. - done ° where
mechanical execution is not possible, such as in the-cases of a
narrow  section, the transitional area of an intérsection,  the
bordering ~areas between the pavement and ‘a structure, a curve
with a very small radius, or a small scale pavemeni work.

Compaction

Immediately after spreading and levelling, the bhot mix.
asphalt should be compacted thoroughly to the required: density.
Equipment wused for pavement compaction includes steel-wheeled
rollers, tire rollers, etc.

Joints

The density of pavement material tends ito be insufficient -at
transverse joints, - longitudinal joints - and ‘junctions ~ with
structures. Consequently, this causes the development of steps,
cracks, and other defects. Compaction at such locations should
therefore he -done with particular care to achieve sufficient
density. 1 1 ' -
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18.1

1)

(22

CHAPTER 18

PORTLAND CEMENT CONCRETE PAVEMENT

" MATERIALS

Portland Cement

Hydraulic Cemént, Type 1 Portland Cement shall be used for

-concrete slab,

Fine Aggregate

It ‘shall consist of natural 'sand, stone screening or other
inert materials with similar characteristics, or
combinations thereof, having hard, strong and durable

- particles.

It shail not éontain more than three (3) percent of material
passing the 0.076 mm (No. 200 sieve) by washing nor more

" thdan one (1) perceni each of clay lumps or shale.

If the fine aggregate is subjected to five (5) cycles of the
sodium sulfate soundness test, the weighted loss shall not
exceed 10 percent.

The _fine aggregale ghall be free from.injurious amounts of
0rganic impurities;

The fine aggregate shall be well-graded from coarse to {fine
and shall conform to Table 18.1-1.

Table 18.1-1 ' GRADING REQUIREMENTS FOR FINE AGGREGATES

Sieve Percent Passing by Weight
8.5  mm {(3/8 im) . 100
“4.75 mm (No., 4) - : 95 - 100
1.18 . mm (No. 16) - 45 -~ B0
0.300 mm-(No. 50) : 5 - 30
(. 150 mm (No. 100} 0 - 10
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{3) Coarse Aggregate

It shall consist of crushed stone, gravel or other - approved
inert materials of similar characteristics, or combinations
thereof, having hard, strong, durable pieces and free from
any adherent ‘coatings, and the grading shall comform to
Table 18.1-2. :

it 'shall contain not more than one (1) percent of material
passing -the 0.075 mm (No. 200).sieve, not more -‘than 0.25
percent of clay lump, nor more than 3.5 percent of soft
fragments. .

If the coarse aggregate is subjected'td five (S) cyCIes of
the sodium sulfate soundness test, the weighted loss shall
not exceed 12 percent. :

" 1t shall have a percent 6f wear not excéedihg 40 when tested

by AASHTO T 96.

TABLE-IS«]"Z GRADING REQUIREMENT FOR COARSE AGGREGATES

Sieve T ettt e o
i Grading B i Grading C
6370 mm: (2 1/2 iny) ' 100 - - 100
0.0 mm ( 2 in.) ! g0 - 100 85 - 100
37.56 mm (1 1/2 in.) ! 35 - 70 -
26.0 -mm ( 1 in.) g 0 - 15 36 - 70
19.0 wmm ( 3/4 in.) ' - -
12.5 mm ( 1/2 in.) i 0 -5 10--.30
4.75 mm {(No. 4) ; - 0-5
{4) Water

Water used in mixing and curing shall be reasonably clean
and free from oil, salt, acid,. alkali,. grass or other
substances injurious to ithe finished product. Portable water
may be used without test. Where the source of water |is
shallow, the intake shall be so enclosed as to exclude silt,
mud, grass or other foréign materials.



(5)

Reinforcing Steel

Tie bars shail be deformed b&rs. “Dowels -shall be plain
round . bars., ~Before delivery to the site, one-half of the
length of each dowel shall-hg painted with one coat of

. approved lead ortar paint.

(6)

The sleeves of dowels shall be metal of approved design to
cover 50 mm, plus or -minus 5 mm of the dowel, with a c¢losed
end, and with a.suitable stop to hold the end of the sleeve
at Yeast 26 mm from the end of the dowel. Sleeves shall be
of such design that they will not collapse during
construction,

Joint Fillers
Poured joint fillers shall e mixed asphalt and mineral or

rubber filler conforming te the applicable requirements = for
joint filler materials.

18.2 STORAGE OF CEMENT AND AGGREGATE

18.3

MIX

All cement shall be stored, immediately upon delivery at the
site, in weatherproof building which will protect the cement
from dampness. The floor shall be raised from the ground.
Provisions for storage shall be ample, and the shipments of
cement as Teceived shall be separately stored in such a
manner as to allow the earliest deliveries to be used {first
and to provide easy access for identificaticn and inspection
of each shipment. '

Bulk cement, if used, shall be transferred to elevated air
tight and weatherproof bins. Stored cement shall meet the
test requirements at any time after storage.

The handiing and storing of concrete aggregates shall be
such as ito preveni segregation or the inclusion of foreign
materials.

DESIGN

Mix design shall be prepared based on -the absolute volume

method as cutlined in ihe American Concrete Institute (ACI)

Standard 211.1, "Recommended Practice for Selecting
Proportions for Normal and Heavyweight Concrete".



It is required approximately 9.0 bags of cement’  per cubic
meter of concrete based on a 40 kg per bag of = cement . for
standard . mixes. However, leaneér or richer mixes which may
be used in order to meet the minimum strength: requirements
shall -be determined from laboratory tests of the materials
to be used, the cement content and. the proportions of
aggregate and water that will produce a workable concrete
having a slump .of between 40 and 76 mm if noi vibrated, . or
“between 10 and 40 mm if vibrated,.and a flexural strength of
not less than 3.8 MPa (550 .psi)-when tested by .the third-
point method or 4.5 MPa (650 psi) when tested by the mid-
point method; or a compressive strength of-24.1 MPa (3,500
psi) when tested at fourteen days in accordance with AASHTO
T 97, T 177 or 22, respectively. Slump shall be determined
using AASHTO T 199. L

i8.4 MIXING AND TRANSPORTING OPERATION
(1)'Batching Plant and Equipmenf

a. General. The batching plant shall include bins,  weighing
hoppers and scales for the fine aggregate and for each
size coarse aggregate. If cément is uvsed in bulk, a bin,
a hopper, -and separate sgcale for cement shall be
included. The weighing hopper shall be properly sealed
and vented to precludé dusting operation: The batch plant
shall be equipped with a suitable non-resetabble batch
counter which will correctly indicate the number of
batches proportioned. : - o

b. Bins  and Hoppers. Bins with - adequate separate
compartments for <fine aggregaie and for -each size of
coarse aggregate shall be provided in.the batching plant,

¢. Scales. BScales for weighing aggregateS and cement ' shall
be of either the beam type or: the springless-dial tiype.
They shall :be accurate -within one-haif percent (0.5%)
throughout the range of use. Scales shall be ‘inspected
and sealed as often as the Engineer may deem necessary to
assure their continued accuracy.

d. Automatic Weighing Devices. Batching plants shall be

equipped - with automatic weighing devices of ‘an approved
type to proportion aggregates and - bulk cement.
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(2) Mixers

' -a,:Genérai.' Conéreté may  be mixed at the site of

(3)

‘construction or-at a central plant or wholly or in part
in truck:mixers, - -

b. Mixers at .site of Construction. Mixing shall be done in
an approved mixer capable of combining the aggregates,
cement - and water intoc a  thoroughly : mixed
and uniform mass within the specified mixing, discharging
and. distributing the mixture without segregation on the
prepared grade. The miXer shall be equipped with an
approved timing device which will antomatically lock the
discharge level when the drum has been charged and
release it -at the end of the mixing period. In case of
failure of the timing device, the mixer may be used for
the balance of the day while it is being repaired,
provided that each batch is mixed 90 counter which shall
correctly indicate the number of batches mixed.

c¢. Truck . Mixer and Truck Agitators. Truck mixers used for
mixing and hauling concrete, and truck agitators used for
hauling central-mixed <concrete shall conform to the
reguirements of AASTHO M 157,

a. Non—Agitatbr Trucks. Bodies o0f non-agitating hauling

equipment for concrete shall be smooth, mortar-tight

“metal containers and shall- be capable of digscharging the
concrete  at a satisfactory controlled rate without
segregation,

Hand!ing, Measuring and Batching Maierials

. The. batch plant site, layout, equipment and provisions for

transporting material shall be such as to assure a continous

supply of material to the work. Stockpiles shall be built up

in layers of not more than one (1) meter in thickness. Each

layer shall be completely in place before beginning the next

which  shall  not be allowed to "cone" down -over the next

Jower layer. Aggregates from different sources and of

different gradings shall not be stockpiled together.

All washed aggfegates‘and aggregates produced or handled by

~ hydraulic methods, shall be stockpiled or binned for

draining at least twelve (12) hours before being baiched.
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When mixing is done at the site of the work, aggregates
shall be transported from the batching plant to the mixer in
batch boxes, vehicle bodies, or other containers of adequate
capacity ‘and- construction to properly carry the volume
required. . Partitions separating batches shall be adequate
~and effective to preveni spilling from one compartment to
another while in transit or being dumped. ' .

The mixer shall be charged without loss of cement. Batching
shajl be "so as to result in the weight to: each material
required  within a telerance of one (1) percent for cement
and twa (2) vercent f01 aggregates.’

" Water - may be measured either by volume or by weight. The
accuracy of measuring the_water shall be within a range of
error of not over one percent (1%).

- a) Mixing Concrete

The concrete may be mlxed at the 51te in a central mix plant
or in truck mixers. The mixer shall be of an  approved type
and capacity. Mixing time will be measured from the time all
materials, except water, are in the drum. Ready-mixed
concrete shall be mixed and delivered in -accordance wWith
requirements of AASHTO M 157, except that the minimum
required revelutions at the mixing speed ~for transit-mixed
concrete may be reduced to not less than that recommended by
the mixer manufacturer. The number of revoiutions recommended
by the mixer manufacturer shall be indicated on the .
manufacturer's serial plate attached to the mixer,

When mixed at the site or in a central mixing plant, the
mixing time shall noi be less than fifty (50) seconds, nor
more than ninety (90) seconds, unless mixer performances
tests - proved adeguate mixing of the concrete is a shorter
time period. ‘ IR

Four ‘seconds shall be added to the specified mixing time if
timing starts the instant the skip reaches iis maximum raised
position.,  Mixing time ends when the discharge chute opens.
Transfer time 'in multiple drum mixers . is included in miXing
time. The contents of an individual mixer drum shall be
removed before a succeeding batch is emptied therein.
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b)

The volume of concrete mixed per-batch shall not exceed the
mixer's nominal capacity in cubic meter, as shown on the
manufacturers standard rating plate on the mixer, except that
an overload up to ten (10} percent above the mixer's nominal
capacity may be permitied provided concrete test data for
strength, segregation, and uniform consistency are
gatigfactory, and provided no spillage of concrete takes
place.

The batches shall be so charged inte the drum that a poriion
of the mixing water shall enter in advance of the cement and
aggregates. The flow of water shall be uniform and all water
shall be-in the drum by the end of the first 15 seconds of
the mixing period. The throat of the drum shall be kept {ree
of such accumulations -as may restrict the iree flow of
materials into the drum.

Mixed concrete -from the central mixing plant shall be
transported in truck mixers, truck agitators or non-agitating
trucks. The time elapsed from the time water is added to the
mized until the concrete is deposited in place at the site
shall not exceed 45 minutes when the concrete is hauled in
non-agitating trucks, nor ‘80 minutes when hauled in truck
mixers or truck agitators, except that in hot weather or
under other conditions contributing to guick hardening of the

concrete.

Retemperihg concrete by adding water or by other means shall

‘not be permitted, except that when concrete is delevered in

truck mixers, additional water may be added +tc¢ the batch
materials: and additional mixing performed to increase the
slump to meet the specified requirements, provided all these
operations -are performed within the 45 minutes after the
initial -mixing operation and the water-cement ratio is not
exceeded. Concrete that is not within the specified slump
limits at the time of placement shall not be used.

Limitation of Mixing

During hot weather, steps shall be taken ¢ prevent the
temperature of mixed concrete from exceeding a specified
maximum, . - ) .

Concrete - not 'placed within 90 minutes from the time the

- ingredients were charged, into the mixing drum or that has

developed initial settlement shall not be used. Retempering
of concrete or mortar which has partially hardened , that is
remixing with or withouit additional cemeni, aggregate, or
water, shall not be permitted.



"In order that the concrete be properly protected against the-
effects of rain before the  concrete - is  sufficiently
hardened, . it 1is required tec have at ~alil times - available
materials for:the protection of the edges and surface of the

: unhardened concrete.

18.6  PAVING AND FINISHING OPERATION
(1) Preparation
a) General

After the subgrade or base has been placed -and - compacted
to ‘the required density, it shall be {irimmed to the
“proper elevation extending the work at least 30 cm beyond
both edges of the proposed concrete pavement,

The subgrade or base shall be unlformly moxst when the
concrete is placed. .

b)_Sétting‘Forms

Forms shall be of steel or wood, of an approved section,
and of a depth egual to the thickness of the pavement at
the edge. The base of the forms shall be of- sufficient
width to provide necessary stability in all directions.

All forms 'shall be rigidly -supported. on...a bed of
thoroughly compacted material during the entire operation
of placing and finishing the concrete.

Forms - shall be set sufficiently in advance of the point
where concrete is being placed. After the. forms have
been set to correct grade, the base shall be thoroughly
tamped, mechanically or by hand, at both the inside and
outside edges of the base of the forms, The forms shall
not deviate from true line by more than one (1) cm at any
point. :

¢) Grade and Alignment

The alignment and grade elevations of the forms shall be
checked and corrections be made immediately before
placing the concrete. Testing as to crown and elevation,
prior to -placing of concrete can be made - by means of
holding a template in a vertical position ‘and moved
backward -and forward on the forms.



d) Conditioning of Subgrade or Base Course

¥When - side - forms have been securely sst -to grade, the
subgrade or base course shall be brought to proper cross-
section. ~ ‘High areas shall be trimmed. 1o proper
‘elevation. Low -areas shall- be filled and properly
compacted. The finished grade shall be maintained in a
smooth and compacted condition until the pavement is
placed. o

{2) Placing Concrete

Concrete .shall -be deposited in such & .manner +to require
minimal rehandling. Unless truck mixers or non-agitating
hauling equipment - are equipped with a means 1o discharge
concrete without segregation of the materials, the concrete
‘shall - be -unloaded into an approved spreading device and

. mechanically spread on the grade in such a. manner as to
prevent ‘segregation. Placing shall be continuous between
transverse joints without ‘the use of intermediate bulkheads.
Necessary hand . spreading shall be done with shovels, not
rakes. - Workmen shall not be allowed to walk in the freshly
mixed . concrete -with boots or shoes coated with earth or
foreign substances.

¥here concrete is to be placed adjoining a previously
constructed - lane and mechanical equipment will be operated
- upen the existing lane, ‘that previously consiructed lane
-shall ' have ‘attained the strength for 14-day concrete. If
only finishing equipment is carried on the- existing lane,
paving in adjoining lanes may be permitied after three (3)
days.

- Concrete shall be thoroughly consolidated against and along
the faces of all forms and along the full length and on both
sides of all joint assemblies, by means of vibrators
inserted in the concrete. Vibrators shail not be permitied
to come in contact with a-joint assembly, the grade, or a

"side form. In no case shall the vibrator be operated longer
than 15 seconds in any one location,

Concrete shall ‘be deposited-as near as possible to the
expansion -and contraction joints without disturbing ~them,
but shall not be dumped from the discharge bucket or hopper
into a joint assembly unless the hopper is well ceniered on
ihe joint assembly. Should any concrete material fall on or
be worked into the surface of a complete slab, they shall be
removed immediately. ’



(3) Strike-off of Concrete and.Placement-bf RéinfOrcement_

‘Following the placing of ‘the concrete, it .shall be stiruck
.off to the required cross-section and €élevation such that
when the concrete is properly consolidated and finished, the
surface of the pavement shall conform:to the elevation shown
on the plans. : :

(4} Joints

Joints shall be constructed-of.{heftype and dimensions, and
at the locations. All joints shall be protected from the
intrusion of 1n3ur10us foreign materlals until sealed

a) Long1tud1nal JOJnt

Deformed steel: tle bars of specified length, size,
spacing and materials shall be placed perpendicularly to
the longitudinal joints; they shall be placed: by approved
mechanical -equipment rigidly secured by ‘chair or other
approved - supports - to prevent .displacement. Tie bars
shall not  be painted or coated with. asphalt or other
material, or.enclosed in tubes or sleeves. -When adjacent
lanes of pavement are consiructed. separately, steel side
forms - shall be used -to form & Keyway along . the
construction joint., Tie bars, except those made of rail
steel, may be bent at right angles against the form of
the first lane constructed and straightened -into final
position before  the concrete of the adjacent lane -is
placed, or in lieu of bent tie bars, approved {iwo-piece
connectors may be used. P

Longitudinal formed joints shall consist of a groove or
cleft, extending downward from and normal to, the surface
of the pavement. These joints shall be effected or
formed by an approved mechanically or manually operated
device - to the dimensions and line indicated on the  Plans
and while the concrete-is in-a‘plastic state. The groove
or cleft shall be filled with either a premolded strip or
poured material as required. :

The longitudinal joint shall be. continuous, ~ and there

shall -be no gaps in either iransverse or longitudinal
joints at the intersection of the joints.
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Longi{udinal .sawed joints shall be cut by means of
approved concrete saw to the depth, width and line,

‘Suitable guide lines or devices shall be used to assure

cutting the longitudinal joint on the true line. The

b)

c)

-longitudinal - joint shall be sawed before.the end of the

puring périod or shortly thereafter before any edquipment
or vehicles are allowed on the pavement. The sawed area
shall be thoroughly cleaned and, if required, the joint
shall be immediaiely filled with sealer.

- Longitudinal pavément insert type joihts shall be formed

by placing a continvous sirip of plastic material which
will not react adversely with the chemical constituent of
the concrete.

Transverse Expansion Joint .

The expansion joint filler shall be continuous from form
to form, shaped to the subgrade and to the keyway along
the - form. Preformed joint filler shall be furnished in
lengths equal to the pavement width or equal io the width
of one lane. Damsaged or repaired joint filler shall not
be used. :

The expansion joint filler shall be held in a vertical
position.  An approved installing bar, or other device,
shall be used if required to secure preformed expansion
joint filler - at the proper grade and alignment during
placing and finishing of the concrete. Finished joint
shall not deviate more than 6 mm from a straight line.
If joint filers are assembled in sections, there shall be
no offsets beiween adjacent units.

No plugs of concrete shail bé permitted anywhere within
the expansion space. '

Transverse Contraction Joint

it shall consist of planes of weakness created by forming
or cutting grooves in the surface of the pavement and
shall include load transfer assemblies.

a, Transverse Strip Contraction Joint, It shall be

formed by installing a parting strip to be left in
place.
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d)

e)

b Formed -Graove, - It shall be made by ' depressing . an
approved 400l or device into thé plastic  concrete.
The tool ~or device shall remain-in place at least
‘until the concréte has attained ‘its initial set and
shall then be removed without' disturbing the adjacent
concrete, unless the device is designed to remain in
the 301nt ' ' ‘ - ‘ o

c. Sawed Contractlon Joant.- It shall. be created by

sawing grooves in.the surfaCe of the pavement of the

" width, depth, and et {he'spacing-and lines shown in

the Plans, with an approved ccncrete saw. After each

joint is . sawed, it shall ‘be thoroughly ~cleaned
including the adgacent concrete surface.

Sawing of the JOlntS shall commence as Soon  as

the concrete has hardened sufficiently te ‘permit
-gawing without ‘excessive ravell:ng. usually within 24
hours.  All jeints shall be sawed before uncontrolled
“shrinkage crach1ng takes place.’' . If rnecessary, the
sawing. operations shall be carried on during the day

r - night, regardless of: weather:  conditions. The
sawing of any joint shall be omitted if crack oceurs
at . or near the joint location prior to the time of
saving. Sawing shall be discounted: when a crack
develops ahead of ‘the saw. In general, all joints
should be sawed in sequence. If extreme condition
exists making it impractical +to prevent erratic

cracking by early sawing, the contractlon joint groove .-

shall be formed prior io 1n1t1a1 set of concrete as
provided above. : .

Transverse Construction Joint

It shall be constructed when there is an interruption of
more than 30 minutes in the concreting operations. No
transverse joint shall be construcied within 1.50 m of an
expansion jeint, contraction joint, or plane of weakness.
If sufficient concrete has been mixed ‘at’ the time of
interruption to form a slab of at least 1.5C m long, the
excess concrete from the last preceding jeint shall be
removed and disposed off as directed.

L.oad Transfer Device
Dowels, when used, shall be held in posilion parallel to

the surface and center line of the slab by a metal
device that is left in the pavement.
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f_-The"portion af each dowel painted with one coat of lead

or tar -shall be ‘thoroughly - coated. with approved

‘bi tuminous ~materials, -e.g.; MC-70, or -an- approved

lubricant, to prevent the concrete from binding to that
portion of the dowel. The sleeves for dowels shall be

‘metal designed to cover 50 mm plus or minus 5 mm, of the

dowel, with a watertight closed end and with a suitable
stopper Lo hold the end of sleeves at least 26 mm {rom

~the end of the_dowal.

In lieu of using dowel.assemblies at contraction joints,
dowel may be placed in the full thickness of pavement by
a mechanical dPVlce. :

(5) Final Stllke off (Consoi1dat10n and F:nishlng)

_ a)

b

Sequence

The -gequence of operat1ens shall be the sirike-off and
consolidation, floating  and  removal  of laitance,
straight-edging and  final surface finishing. ¥ork
bridges or other devices necessary to provide access to
the pavement surface for the: purpose of finishing,
straight- edg:ng, and making corrections shall = be
prOV1ded :

In general, the addition of water to the surface of the
concrete - to assist in finishing operations will not be
permitted. If the application of water to the surface is
permitted, it shall be applied as fog spray by means of
the approved spray eguipment,

Finishing at Joints

The concrete adjacent to joints shall be compacted or
firmly 'placed without voids or segregation against the
joint  material, -also under and arcound .all load transfer
devices, - Jjoint assembly wunits, and other features
designed to extend into the pavement. . Concrete adjacent
to jeints shall be mechanically vibrated.

After the concrete has been placed and vibrated adjacent
to the jeints the finishing machine shall be brought

- forward, ~-operating in a manner to avoid damage or

misalignment of joints. If uniterrupted operation of the
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c)

finishing machine, -to, over and beyond the. joints causes
segregation of concrete, damage to, or . misalignment of
the  joints, the finishing machine shal}l be'stopped when
the front screed is approximately 20 cm from the joini.
Segregated concrete shall .be removed from Ain front of and
oif the joint. The front screed shall be .lifted and set
directly -on: top of the joint and the forward motion of
the finishing. machzne resumed. . :When the second screed is
close enough to permit the excess:mortar in front of it
to {flow over the joint, it shall be lifted and carried
over the joint, Thereafter, the finishing machine may be
run over the joint without lifting the screeds, provided
there is no segregated concrete immediately between the
joint and the screed or on tnp of the 101nt

Machine F;nlshzng

i) Non-vibratory " Method.,  The  conerete shall  be
distributed or spread as soon as placed. As soon as
the concrete-has been placed, it shall be struck off
and -screeded by an approved finishingr*machine; The
machine -shall ‘go over each area of pavement as many
times - and at such intervals as necessary to give .the
proper compaction and  leave a surface of  uniform
texture, Excessive operation:over a given area shall
be avoided. The top of the forms shall be kept clean
by an effective device. attached to the machine and the

. travel of the machines on the <forms shall be
maintained .true without wohbling or other variation
‘tending to affect the precision finish,

During the first pass of the finishiﬁg machine, a
uniform ridge of concrete shall be maintained ahead of
the front sereed in its entire length.

ii) Vibratory Method. Uniform and satisfactory density of

the concrete shall be obtained by the vibratory method

. at joints, along forms, at structures, and throughout
-the pavement. . :

d} Hand Flnishzng

Concrete, as soon as placed, shall be struck off - and
screeded. An approved portable screed shall be used. ~ A
second screed shall be provided for stiriking off the
bottom layer of concrete if reinforcement is used.

The screed for the surface shall be at least 60 em longer
than the maximum width of the slab to be struck off. It
shall be of approved design, sufficiently rigid to retfain
its shape, and constructed either of metal or other
suitable material shod with metal.
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Consolidation-shall he_attaihed by the use of a suitable
vibrator or other approved equipment.

In opéfation, the screed'shall be moved forward on the

forms with .a combined longitudinal and tiransverse
ghearing motion, moeving always -in the direction in which
the work is progressing and so manipulated that neither
end is raised from the side forms during the striking off

_ process. If necessary, this shall be repeaied uni{il the

e)

surface 1is of uniform texture, true to grade and cross-
section, and free from porous areas.

Floating

After the conerete has been struck off and consolidated,
it shall bhe further smoothened, trued and consolidated by
means of .a longitudinal float, either by hand or
mechanical method.

i) Hand Method:. The hand-operated longitudinal float
" shall be not less than 360 cm in length and 15 cm (6
inches) in width, properly stiffened to prevent
flexibiltity and. warping. The longitudinal float,
operated from foot bridges resting on the side forms
and spanning but not touching the concrete, shall be
worked - with a sawing motion while held in a {floating
position parallel to the road center line, and moving
gradually from one side of the pavement to the other.

. Movement . ahead along the center line of the pavement
ghall be successive advances of not more than one-half
the length of the float. Any excess water or soupy
material shall be wasted over the side forms on each

- pass.

ii} Mechanical Method., The mechanical longitudinal float
~ghall be a design approved and shall be in good
working condition. . The tracks from which the float
operates shall be accurately adjusted to the required
crown. © The float: shall . be accurately adjusted and
coordinated ‘with the adjustment of the transverse
finishing machine so that a small amount of mortar is
“carried ahead of the float will lap the distance on
each transverse trip.  The float shall pass over each
area  of pavement al least two times, but excessive
~ gperation  over d given will not be permitted, Any
.excess. water or soupy material shall be wasted over
the side forms on each pass.
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1i1) Alternative Mechanical Method. ' As 'an alternative, a
~machine composed of a cutting and ‘smoothing flat or
floats suspended from and guided by a rigid frame mnay
be “used., The frameé shall be carried by feur or more
visible. wheels. iiding on, -and-constantly in contact
with the side forms..:If- necessary, following one of
the preceding methods of floating, long-handled floatis
" having blades not less than 150 .¢m.in lengih and 15 cm
in: width may ‘be used to smooth and ~fill in open-
textured areds in the pavement. Long handles floats
shall not bé used to float ‘the entire surface of the
pavement in lieu of, or supplementing, one of the
preceding methods of floating. When strike off and
consolidation are done by the hand method and the
crown  of the pavement will not permit:the use of the
longitudinal fleat, the surface: . shall be floated
transverseiy by means of the long-handled float, <Care.
shall be taken not to:work the .crown out of the
pavement during the operation. After floating, any
excess wéter and lajtance shall be removed <{from the
surface of the pavement by a 3-m straight-édge or more.
in length., Successive drags shall ‘be. lapped one-half
the length of the blade

f) Stralght edge Testlng and Surface Correct1on

After  the flnatlng-has been‘comp}eted and the excess

water  removed, but while the concrete is still plastic,

the surface of the conerete shall be tested for trueness

with' a 300 cm long straight-edge.-. For this purpose, ‘anh
accurate 300-cm straighi-edge swung from handles 160 ~cm
lenger than ‘one-half width of the.slab shall be used.

The straight-edge shall be held in contact with the’
surface in successive positions parallel to the road
center line and the whole area gone over from one side of

the  slab to the other as necessary. Advances along the

“road shall be in successive stages.of not more than one-

half the léength of the straight-edge. Any depressions

found -shall be immediately filled .with {freshly mixed

concrete,  ~ struck off, -consolidated and refinished.

Special attention shall- be given to assure that the

surface across joints meeis- the . reguirements for

smoothness. Straight-edge =~ testing and surface .
corrections " shall be continued until the entire surface
is found to be free from observable departures from the
straight+edge and the slab oonforms to the required . grade
and cross section,
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£) Final Finish

I1f the . surface texture is broom finished, it shall be
-applied ‘when the water sheen has practically disappeared.
‘The broom shall be drawn from-the cenier to the edge of
the pavement with adjacent sirokes slightly overlapping.
The brooming - operation ‘should be so executed that the
corrugations produced in: the surface shall be uniform in
- appearance - and not more than 1.5 mm in depth. Brooming
- shall - be . completed  before the concrete is in such
vondition. that the surface will be unduly roughened by
the operation. The surface thus finished shall be free
from rough and - porous areas, irregularities, and
depressions resulting from impreper handling of the
broom. - Brooms - shall be of .the quality, size and
. construction and be operaled so as to produce a surface
finish. '

1f the surface texture . is belt finished, when straight-
edging is complete and water sheen has practically
disapreared and just before the concrete becomes non-
plastic, the surface shall-be belted with a 2-ply canvass
belt not less than 20 cm wide and at least 100 em longer
than the pavement width. Hand belts shall have suitable
handles to permit controlled, uniform manipulation. The
belt shall be operated with short strokes transverse to
~the center line and with a rapid advance parallel to the
-eenter line.

1f the surface texture is drag finished, a drag shall be
~used which consists of a seamless strip of .damp burlap or
.cotton .-fabrie, which shall produce a uniform of gritty
texture after dragging it longitudinally along the full
. :width  of pavement. For pavement 5 m or more. in width,
the. drag shall be mounted on . a bridge which  travels on
the forms. The dimeénsiong of the drag shali be such that
a strip of burlap or fabric at least 100 cm wide 1is in
contact with the full width of pavement surface while the
drag is used. The drag shall consist of not less than 2
layers of burlap with the bottom layer approximately 15
-em wider than the layer. -The drag shall be maintained in
‘such condition that the resultant surface is of uniform
appearance and reasonably free from grooves over 1.5 mm
in depth. Drag shall be maintained clean and free {from
. encrusted mortar. -Drags that cannot be cleaned shall be
discarded and new drags be substituted.
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{6)

7

h) Edging at Forms and Joints

After ‘the  final finish, but ‘beforé the  concrete has
taken its initial set, the edges of ‘the pavement along
each side ‘of each slab, and 'on each side of {ransverse
expansion “joints, - formed -+ :joinis, - LIransverse
construction joints, and emergency construction joints,
shall be worked with an approved tool .and rounded to
the  radius required by the Plans. - A well-defined and
continuous radius shall beé‘produced and a smooth, dense
mortar finish obtained. The surface of the slab shall
not be unduly disturbed by tilling the tool during the
use. - S

At all joints, any tool marks appearing on the slab
adjacent to the joints shall be eliminated by brooming
the surface. In doing this, the rounding of the corner
of the glab shall not be disturbed. All concrete on
top of the joint filler shall be completsly removed.

All joints shall be tested with a straight-edge before
the concrete has set and correction made if one edge of
the joint is higher than the other.

Surface Test

As soon as theé concrete has hardened sufficiently, the
pavement surface shall be tested with a 3-m siraight- edge
or other specified device., Area showing high spots of
more- than 3 mm but not exceeding 12 mm in 3 m shall be
marked and immediately ground: down 'with an  approved
grinding tool to an elevation where the area or spot will
not show surface deviations in excess of 3 mm when tested
with 3 m straight-edge., VWhere the departure from correct
cross-section exceeds 12 mm, the pavement shall be removed
and vepiaced. - ‘

Caring

Immediately after the finishing operaiions have Dbeen
completed and the concrete has sufficiently set, the entire
surface of the newly placed concrete shall he cured in
accordance with either one of the methods described herein.
Failure to provide sufficient cover material of whatever
kind the Contractor may elect io use, or latk of water +io
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‘adequately = take care. of both curing and other
requirements, shall be cause for immediate suspension of
concreting operations. . The concrete shall not be left
exposed for more than 1/2 hour beiween stages of curing or
“during the curxng per1od

a) Cotton or Burlap Mats

.The surface of the pavement shall be entirely covered
with mats. - The: mats used shall be of such length (or
width) that as laid they will extend at least twice the
thickness of the pavement beyond the edges of the slab.
The mat shall be placed so that the entire surface and
the edges of the slab are completely covered. Prior to

‘being placed, the mats shall be saturated thoroughly
with.. water. ~ The mat shall be so placed and weighed
down so as to cause ihem io remain in intimate contact
with the surface covered. The mats shall be maintained
fully wetted and in position for 72 hours unless
otherwise specified.

b} Waterproof Paper

The - top. surface and sides of the pavement shall be
entirely covered with waterproof paper, the units shall
be ‘lapped at least 4b cm. The paper shall be so placed
~and weighed down so as to remain in intimate contact
with the surface covered. The paper shall have such
“dimensions but each unit as laid will extend beyond the
edges o0f the slab at least twice the thickness of the
pavement, - or at pavement width and 60 cm strips of
_paper for the edges. If laid longitudinally, paper not
. manufactured in sizes which will provide this width
-shall be securely sewed or cemented together the
joints being securely sealed in such a manner that they
do- not open up or separate during the curing period.
Unless otherwise specified, the covering shall remain
in place for 72 hours after the concrete has been
placed. - The surface of the pavement shall be
thoroughly wetted prior to the placing of the paper.

¢} Straw Curing
When this type of curing is used, the pavement shall be
cured initially with burlap or cotton mats, until after

final setting of the concrete or, in any case, for 12
- hours after placing the concrete. - As soon as the mats
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are removed, the surface and sides :of ..the pavement
shall be: thoroughly wetted and covered w:th at least 20

em of straw: or hay, thickness of :which: is to . be
measured. . after wetting, ~If. the siraw or hay covering
becomes displaced during the:curing period;- it shall be

“replaced - to the original depth and saturated. It shall

be kept thoroughly saturated.with water for 72  hours
and thoroughly wetted down during the morning of - the
fourth day, and the cover shall remain in place until

' ,ihe concrete has attained the requlred strength

d)

Impervious. Membrane Method

'iihe entlre surface of the pavement shall be spraved

uniformly -with white pigmented - curing —compound
immediately after  the finishing of: the surface and.
before the settlement of the concrete has taken place,
or if the pavement is cured initially with jute ‘or
cotton mats, it may be applied upon removal of the
mats. The curing compound shall not be applied during
rain. ' '

Curing compound shall be applied under pressure at  the

.rate of 4 liters to not more than 14 m"2 by mechanical

sprayers. The spraying equipment shall be equipped
with a wind guard. At the time of use, the compound
ghall be thoroughly mixed with the  pigment uniformly
dispersed throughout the vehicle.. During application,
the compound shall be stirred continuously by effective
mechanical means. Hand spraying of ~odd widths or
shapes. and concrete surface exposed by the removal of
forms will be permitted.  Curing compound shall net 'be

-applied to the inside faces of joinits to be sealed, but

approved means shall be used to insure proper curing at
least 72 hours to prevent the intrusion of {foreign
material into the joint Dbefore  sealing has  been
completed. The curing compound shall be of such
character that the film will harden within 30 minutes

- after application. BShould the film be damaged from any

causes. within the 72-hour curing period, the damaged
portions shall be repaired 1mmed1ately with additional
compound

e) White Polyethylene Sheet

The - top surface and sides of the pavement shall be
entirely covered with polyethylene sheeting. The uniis
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(8)

@)

used shall be lapped-at least 45 cm. The sheeting
shall be so placed and weighed down so as to remain in
intimate contact -with- the surface covered. The
sheeting  te be use shall have such dimension that each
unit laid will extend beyond the edges of the slab at
least twice the thickness of the pavemen}. . Unless
otherwise specified, the covering shall be maintained
n  place of 72 hours after the concrete has been
placed, . : :

Removal of Forms

Forms = for concrete shall remain in place undisturbed for
not less - than twenty.. four- {(24). hours afier concrete
pouring: In .the removal: of forms, crowbars should be ‘used
in pulling out:nails and pins. Care -should be taken so as
not . to break the edges of the pavement. In case portions
of the -concrete are spilled, -they shall be immediately
repaired- with fresh mortar mixed in the proportion of one
part of Portland Cement and .two parts fine aggregates. Any
area or section so removed shall not be less than the
distance belween weakened plane joint nor less than the
full width of the lane involived.

rSealihg Joints :

Joints shall be sealed soon afier completion of'the curing

. period and before the pavement is opened to traffic, Just

prior to sealing, each joint shall be thoroughly cleaned of
all foreign materials including membrane curing compound
and the joint faces shall be cleaned and surfaced dry when
the seal is applled

- The sealing material. shall be. applied to each joint opening
.toconform to the details. Sealing materials applied hot
-shall: be . stirred  during heating so that  localized

overheating- - will not occur. The pouring shall be .done in
such a manner that -the material will not be-spilled on the
exposed surfaces of the concrete, The use of sand or
similar material as a cover for the seal will not be

.permitied. . Seals shall be installed by -suitable tools,

without - elongation-and secured .in placed with an approved
lubricant adhesive:.: which shall cover both sides of the
cancrete joints, The  seals shall be -installed in a
compressive - condition. and shall at time of - placement be
below the - level of ‘the- pavement surface by apprUX1mate1y 6
mm . . . : : .

" The seals shall be in one piece for the full width of each

transverse joint.
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19.1

19.2

CHAPTER 1% -

QUALITY ‘CONTROL AND INSPECTION

GENERAL -

As contrasted with:other:typés of civil enginéefing works; road

_pavements are widely éxposed o ihe elements and the influence

of loads, and are moreover constructed with no consideration of
any struectural safety margin. For these reasons, a pavement |is
not free from the possibility of sustaining defects unexpectedly

“early.  In executing pavement works, therefore, it is essential

that - material qualities and workdone should - be ‘properly
conirolled by careful and diligent ‘inspeciions, with tests and
measurement performed_whenever required.

Preliminary inspection ~and tesis are conducted prior to the
commencement -of work to confirm the compatibility of materials

~and equipment with project requirements, and also to establish
“'the necessary criteria for use in job control.

Material and work control refers to the effori endeavered
towards economic accomplishmeni of a pavement project with work
and materials meeting the requiremenis of contract specification
and plans.

Inspection 1is made to confirm whether the constructed pavement

complies with reauirements vf the specification and plans.

PRELIMINARY INSPECTION AND TESTS3

Since the pavement structure is designed in accordance with the
quality of base and subbase materials as -well as surface
materials involved, 1it: is necessary that quality of . all
materials be verified with the reguirements prior to . execution
and -also prior to any change of material or mix design during

construction. o

To produce necessary data for wuse in work control and
inspection, such as the maximum dry density . and . the optimum
water content which are needed for determination of the degree
of compaction,. it -is also necessary to conduct material tests
beforehand.  Furthermore, inspection of the performance and
precision of oprinciple equipment should alsc be . conducted - in
advance, Inspection and test conducted to fulfill the above
requirements are  designated c¢ollectively as preliminary
inspection and tests. ' L :
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18.2.1

Quality inspection-on a stahdardized product can be substituted

by checking of the test report furnished by -the manufacturer.
Other preliminary inspection and testing may also be substituted
by examining of valid reports of inspection and test conductied
in the past, where such is available.

Base and Subbase Materials -

1)

2}

Prior Inspections. Prior . inspections should be made in
advance, to confirm the material procurement situation, with

regards to ihe following points ;

i)

iid

iiid

That the aggregates used for . the base and subbase
satisfy the required quality standards,

That sustained material supply is secured from reliable
gource  of adequate manufacturing capability and

capacity.
That the mater1al is economxcal

Dur1ng -{he' 1nvest1gat10n, it is necessary that the
manufacturing process be properly siudied so that in the

“event  of a quant1tat1ve or qual:tatlve production

problem, prompt meagures can be taken to cope with it.

Material Tests. Materials should be subjected to the testing

as

listed in Table 19.2-1 to confirm their compliance with

requirements of quality standards.

TABLE 19.2-1 TESTS FOR BASE AND SUBBASE MATERIALS

Aggregate

Test Item Test Method Remarks

Water Content AASHTO T256 - 77

" Grading CAASHTO T 27 - 78
Liquid Limit AASHTO T 89 - 76 All tesis are to be
Plasticity Limit AASHTO T 90 - 70 conducted prior to
- . __1 commencement of work
Specific Gravity AASHID T .34 = 7Y and prior to any
Water Abserption AASHTO T 8% - 77 change of Inaterial

or mix design.

Soundness of

Abrasion Leoss AASHTO T 86 - 77

CBR Test AASTHO T193 - 72
Compaction AASHTO T180 - 74
Test AASHTO T 99 - 74
Unconfined ASTH D1633
Compressive :

Test

[
13

;

!

}

;

=

CAASHTO T104 - 77 3
. !
|

!

[

|

|

!

|

!

1

|

;

]

- e e MM MM e mEm mE mS e e mm me mm eE EE ek e e e mE mw mE e e m— e
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Mix  Design. Base . and subbase .material mlxes should rbe
designed . based on.results of tests 11sted in Table 19.2-1
dependlng on the type of work involved. - ‘

19.2.2 Asphaltic Surface

1)

2)

Prior Inspection. Prior inspection of the. aggregates- shouid
be. made to determine whether they meet the  quality
requirements - and standards of aggregates of an asphaltic
surface  whether their supply can meet the demand of the
project and whether they are econcmic. : :

Material Standard Tests. Materials are reguired to be tested
in accordance with test methods listed in Table 19.2-2

TABLE 19.2-2 STANDARD TESTS FOR ASPHALTIC SURFACE MATERIALS

Test Item _Test Method " Notes

Grading ARSHTO T27 -78

All tests are to
‘conducted prior
to commencement
of Wwork and . any
change of
material or mix
change = of

AASHTO T84-77.

Specific gravity |
'AASHTO T85-77

Water absorption

Abrasion loss

AASHTO T84-77

! B
] ]
4 1
! f
! !
R !
} ]
f i
! ! N
= o 1
Coarse and | . ! i material or mix
Fine Aggre- | Soundness of 4 ! design
gates ! aggregate ! AASHTO T104-77 i
] . 13 1
1 _ i 1
"} Content of P !
! deleterious sub— i AASHTO T71 )
i stances ] i
: | A
Mineral ; 1 }
Filler ! Grading ! AASHTO T37 -77 1}
[ t ' : §
Asphalt | T N
Cement - | ! i
Cut-Back = | i L
Asphalt }Physical Test I AASBHTO Related |
Emulsified § | Test !
Asphalt ! B -
1 ] I3
i - L
33 Asphalt Concrete ‘Design Tests. Asphalt Concrete Mixes

should be subjecied te-mix design testing listed in Table
19.2~3 and others as required for the study of their
properties.
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TABLE 19.2-3 ASPHALT CONCRETE MIX DESIGN TESTS

Test Hethod Pﬁrbose

Test 1tems No tes
Marshall AASTHO TZ245 Mix design | To be conducted
Stability ' prior i{o commence-
ment of work and

Test !

change of material

}
;
!
}
;
!
]
[}
i or mix design.
H

i

!

|
|
'
{
{ prior to any
i
i
i
!

P i e—

19.2.3 Mixing Plant

1) Preliminary Inspection of. Piant Equ1pment Preliminary
inspection of plant equipment should be made regarding 1its
make . and performance - features so as to confirm its
capablllty of supplying to the material demand of the

"project both quantitatively and qualitatively.

2) Inspection of Plant Operation Conditions. All eguipment
should be properly examined to ensure that a consistent
.supply of mix will be obtained, Particular care should be
taken to examine the condition of weighing devices vwhich are
the principle means for quallty determination of the product
mix.

Regular 1nspect10ns of equlpment include the followlng

‘i): Perlodxcd} lnspectlon ' Conducted tWICe annuaily to
examine the measuring performance of weighing dev1ces,
 using standard loads.

ii) Daily inspeciion. Conducted daily before beginning of
operation, to visually discover any 1rregular1ty of the
equipment. -

19.2.4 Trial Paving

In large-scale pro;ects, trial pavings are at . times made
after trial m1X1ng and before actual paving operation. The
purpose of a trial paving is to establish a standard work
.procedure using the same materials and equipment as in the
_ actual. comstruction, in/ order to achieve the required
‘quality 'and shape of the pavement. _Table 19.2-4 lists
examples of - achlevements vhich can be obtained through a
trial pav1ng operatlon., .
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19.3

TABLE 19.2-4 EXAMPLES OF ATTAINABLE ACHIEVEMENTS
THROUGH, TRIAL PAVING OPBRATION
(ASPHALT CONCRETE) ' i

_fl. Confirmation.of the standard ekecution method~

:a) Suitability of the paving machine
b) Selection and combination of the compacting
.- machines

2. Confirmation of properties of the job mix

4) Grading of mix

b) Asphalt content

¢) Workability, likelihood of material segregatlon
material texture, etc.

3. Establishment of critical criteia for reJection
of asphalt mix deltvered ‘at the’ fleld '

4, Determining the requlred 1oose depth per un1t
""compacted ‘thickness

5. Determination of compacting conditions

a) Temperature

b) Rolling sequence

¢) Number of pass of rollers
- d) Rolling speed -

QUALITY CONTROL AND INSPECTION FOR MEDIUM AND LARGE SCALE
PROJECTS

This chapter deals with quality control ‘and’’ inspection for
msdium and large scale pavement consiruction projects of 10,000
or - more targets and limits of allowable deviation for

" material - quality -and  work done. - Generally, minimizing of

deviations from targeted material quality and work done will
result in saving of materials and reducing of retouching

operations, and it is therefore economically desirable.

In controlling the quality and work done, attentlon should be
paid to the folloW1ng fundamcntal po;nts

1) Throughout the process of procurement and’ storage, effort
should be made to secure conSJstency of materlal Work
procedures should bé standardized based on results of trial
batch test and trial paving. A supervision system should be
established to effectively implement material quality and
work control,
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19.3.1

2) Measuréments should be made in.the simplest and fastest
possible way, such as using an auiomatic recording device
attached to the weighing equipment -on a continuous basis
during . the entire process of paving operation, in order to
-promptly discover the occurrence of any irregularity.

3) Methods of work should be modified when required based on
results of routine inspeciion, tesis and measurements.

For this purpese, it is essential to minimize errors in testing

and measuring operations, and to promptly process and compile
the obtained results.

Since all aspects of the workmanship of a pavement cannot be
evaluated by test results, and also since local irregularities
are difficuit to discover through  daily inspection, it is
essential  that field engineers should diligently and carefully
inspect work .. performance in -detail during their daily
supervision activities. .

- Work Done Control

Work Done  control of the pavemeht refers to geometrical
properiies of the finished pavement which aims at finishing the

product - with grades, widths, thickness and surface evenness

complying . with . the requirements of contract plans and
specifications.. :

Dai}y'supervision'is the most important since, if the work done
deviates from the design requirements, it should reguire
retouching which is costly. - -

Results of measurement taken during pavement construction should
be promptly compiled and should always be reflected in the
subsequent works.

Quality control tolerance used in works supervision are
generally established taking inspection criterion and execution
capability into congideration. Table 18.3-1 indicates the
frequency of measurements and gquality control tolerance used.
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TABLE 19.8-1 FREQUENCY OF INSPECTION AND TOLERANCE .
-+ - FOR GEOMETRICAL PROPERTIES OF. FINISHED

2)

PAVEMENT
“Pavement Component | Quallty n Freguency ef_ {Tolerance
H | Inspection |
_ e Vo - e ' -
! Grade { . every 20m 1. tdem
Subbase | Thickness! every 20m | -4.5¢m
: 1 Wldth - 1 every 40m. {-~bem-
o L Yoo R R A e
Aggregate Base i Thickness! every 20m I ~2.5cm
' i Width I every 100m i -5om
.- (] 1 . 1
[N 1 y ]
Cement 1 Thlckness} _every 20m ! -2.5¢cm
Stabilized Base i Wldth I every 100m ! -bem-
1 1 - A
—_—— 1 . . . H R N .
} Thlckne {- every 1,000m {--0.7cm- -
! Width i every 100m { ~2.5cm
Surface ! Evenness | throughout thel
H ! length of i - 2.4mm - -
! i every lane | or less
i . R
-1} Grade. Lateral.profile levellihg is}generaiiy'dOneuevery 20m

using: finishing stakes. The locations of ‘-measurements in
each operation include the center of carriageway and the
edge of the shouider.

Width. Measurement of the width in pr:ncxple covers the full
width of the pavement. Where divided by a medlan, the
separated widths are individually measured ;
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TABLE 19,3-2 FREQUENCY OF QUALITY INSPECTION L
AND STANDARD QUALITY CONTROL CRITERIA

19+-8

Pavement |Control  IMethod of iFrequency of iControl  lAction Required
Component|item iTest or {Inspection {Criteria “iwhen test Result
‘ b iControl ! ' iStandard ‘is Unsatisfactory

! } : ! |Case !
[ i i i 1
Subbase iWater { AASHTO iWhenever | tAeration or
' iContent ! T265~77 tirregularity | lapplication of
'} i tis observed | Iwater .
i i i ! ! -
!Gradlng {AASHTO L -do- | }Checking received
i i T27-78. | } ishipment of mate-
'J i o ! irial or modifying
: H ! ! 1job mix formula
i i ! i i
iPI 1AASTHO ' ~-do-~ ! IChanging material
i ! TB0-70 } i ior stabilization
i i i i iby lime or cement
i . ] . b t ' .
1Density  AASTHO iEvery 1,000m‘3 tAdditional roliing
1 1 T191 | : H icompactien or
i } ! i ireplacement of
! | ! i imaterial
1 1 ] 4 1
1 1 1 1 1
!UnlformltyiProof ' fAny time H H
b : irolling | i i
[l ] ¥ 1 [}
1 1 ¥ ] H
‘Water 1 AASTHO iWhenever i tAeration or app-
_iContent i T255~77 tirregularity | llication of water
Base: tPI1 i T80-70 iis observed i tor changing
i e i | imaterial
H i i 1 i
 1Grading | AASHTO {Every l,OOOmZIPercent IChecking received
[ i T27-78 i ipassing ishipment of
! i ! isieve imaterial or modi-
i i i 12.5mm:+15%1 fying job mix
i ! d 1(0.074mm: -1 formula
} ! ! 1+6%) H
Ao H ! ! i
iDensity { AASHTO iEvery 1,000m‘:100% or lAdditional rolling
! i T191 | i more lcompaction or
1 ! i« " ireplacement of
by ! | g _itmaterial
S . R A H I .
Cement  IGrading  'AASHTO | IPercent  iChecking received
' . | T27-78 | ipassing  ishipment of
b : } | sieve imaterial
. h] 1 1 ] 1 .

: !_ [ H ] £
Stabilized! i } V2. hmm:+15%for modifying job
Baseé. : i ' V(0. 074mm:=imix formula

H i ! 1#6%) !
} i o R i
iCement i 11-2 times/day! (+1.2%) IVerification of
iContent i ' } fquantity of
1 ]
1 ]

ladmixture applied



(CONT.) TABLE 19.3-2

Surface
courses
thot ~
asphalt
mix)

FREQUENCY OF QUALITY INSPECTION: ..
AND"STANDARD QUALITY CONTROL CRITERIA -

AASTHO
T191°

Every 1,000m*

1100% or
more

tAdditional rolling
icompaction or
ireplacement of
imaterial

) . :
H .

AASTHO
T255-77

Whenever:
irregularity
is observed

Tempera-
ture

e i mmme e Ao et e e - —— o e i = oy -

Any time

lAeration,applica-
}tion of water or
rchanging material

]
]
i
1
1
1
1
i
H
i
i
1
1
]
1
]
]
1
3
t
t
H
1
1
i
1
1
1
1
1

IMaintain the

lprescribed
i temperature

[}
3
3
i
]
1

Grading—_

ISampling'&

Sieve

1 to 2 times:
per day -

IPercent
ipassing
1Sieve

-Iaﬁecking stocks

iof aggregates
fon yards or in

12.5mm:+12%icold feeders

10.074mm: +5%
Pl ]

{Asphalt
iContent

Sample
tests

1 to 2 times
per day

+0.9%

iChecking asphalt
fand aggregate

iweighing equip- )
iment or conducting

fsample tesis

1
i

Density

ppearance

Core tests

Every l,OOOm‘

or more

100% i(Work control

ishould be based
toan coré test data
fduring early work
fexecntion, and
{then by regu-
ilating the mate-
irial temperature .
fand amount of
icompaction)

e e e e e e mem M e e enm e e e e e A G e s e Akl ke mrm e e B, e e e e e e oear e M e e e e mmm ep rmr e wer e

Rny time

| (Observed with
!particular atten-
Itiopn paid fo the
jappearance of -
imaterial segrega-
ttion and hair
leracking)

¥
t
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19.3.2

3 Thickness. ‘The - thickness of an asphalti cohcrete surface

“course is -checked by measuring ‘sampled ‘cores, and the
-thickness of  other types of ‘pavement -components are
interpolated by computing the difference. between the top and
the bottom levels. '

4} Evenness. Measurement of the evenness is made along the
center line throughout the length of every lane, using the
method described in Appendix 1V.

. Quality Control

quality control is conducted as shown in Table 19.3-2 by iype of
pavement component.

¥hen used as a basis of work performance: control, quality
inspection of work results, sucg as density testing  should be
performed after every 1,000 m“ of progress or 1 to 2 times
every day. After reaching a steady and satisfactory performance
level,  control of work - performance can be effected by
regulating the number of passes. of compaction equipment instead
of operatlng based on quallty tests results

~Where the asphalt plant is furn:shed with.an automatic weight

recorder, print-out data of the recorder can be used as the
basis for controlling the grading and asphalt content.

The following is an example of the dally control method using a
"Quality Control Chart"

(1) Prﬁparlng the ”Quallty Centrol Chart"

As in Fig. 19.3~1, code numbers of cores are shown on the
abscissa and the quality index is scaled on the ordinate.
Lines are drawn to show the design value and the upper and
iower limits of tolerance. The data is then plotied on the
chart.

(2) Interpreting the Chart,

‘Distribution of the data on the chart should be examined to
see ~if any data goes out of the tolerance, if +the data
distribution is - unsteady, if the range of dispersion is
excegsively wide, or if the data concentration is eccentric
in relation to the design value. A positive answer to any
of these question is a warning sign. The cause of it should
be investigated and proper countermeasures should be taken,
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To .evaluate - the tesi results,. the:mean value (X) :of
obtained data and the estimated: standard deviation(4)
-calculated, - and if the -following  inequalities
satisfied, the result is considered -satisfactory,

Estimated Standard Deviation

mean value.

estimated standard deviation:
pper limit of tolerance, and
lower limit of to}erance.

#onou

1t any data falls beyond the tolefahce:durihg:lhe eéri& stage

work, when +the number of available data is still small,

evaluation of the situation using this method should be made,

which case the required number of about 10 data should
produced gquickly by prov1b10nally zncreaSAng the frequency
testing. .

(3) Example.

the
are
are

of
an
in
be
of

For a surface course asphalt mix having a 6% design esPhalt
content, the wupper . and the lower limits of tolerance

according to Table 19.3-2 are as fellows :

Upper limit of tolerance (U)=6,0%

0.9=6.9
Lower l1m1t of tolerance (L) 6.0-0,9=5, 1

‘\S-N

The sample test result turns out to be 4. 9/ in “the second
day morning after beginning of work when test are -conducted

at the frequency indicated in Table 19..3-2. In order

confirm whether this test results means the existence of
problem, the freguency of testing during the third day-

to
a
is

increased - to 6 times to produce a total of 10 data as shown
in the following table, (Note: Normally when 5 successive
points in the chart{ are located on one side of the ceniral
line. . between the limits of tolerance, the - work process

should be investigated,. )

Date(Example) i Cct.5 | Oct.6 | Oct.7
1
i
]
]

Daily Sample No. | 1 } 2

Asphalt Cnntent(/) 6.116.414.915,8156,115.715.915, 3!5 9i5.1
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Asphalt Content (% )

19.4

19.4.1

19.4.2

. 7.0 i n vy e e 'm in pm  m m  —s  — ..._...........n.l--—.——...__n'-_n——.mw—_.‘

Upper Limit

) : 22 0\/\0_/0#.‘”\ /v\__g Design Value

.ower Limit

2 [Tz [T 2% 4 5 6
" Oct.5 | Oct.6 , Oct. 7

Code No.and Date of Core

FIGURE 19.3-1 QUALITY CONTROL CHART

‘In  the above case, the mean value x is 5.52% and the estimated
standard deviation of the individual test value is as foilows :

A J(s 52-6.1)%+ (5 52-5. 4)2+ (5.52-4.9F + ... + (5.52-5.1)2
- o 01

= 0,41
%-2 25,52 -2%0.41 = 4.70 < 5.1 (L)

The result indicates that the work is not satisfactory according
to requirements. This is due to the eccentric distribution of
the data in reiation -to the design value. The required counter-
measﬁre in this case is to increase the asphaIt content by about
0.5% to renderrit'close to 6/ ’

QUALITY CONTROL AND INSPECTION FOR SMALL SIZE PROJECTS

Prel1m1nary Inspectxon and Tests

It is necessary to conduct malerials test prior to . the
construction. Howéver, other ‘preliminary inspection and testing

. may be substituted by examining of -valid reports of inspection

and tests conducted .in the past, where such is available.
Quality Control and Inspection

The standard values for guality control are shown in Table 19.4-
1. The number of items to be inspected is smaller and the

tolerance limits are slightly looser than those of the pavement
for medium to large size projects.
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TABLE 19.4-1 QUALITY CONTROL STANDARDS FOR PAVEMFNT FOR SMALL
: S1ZE PROJECTS

Pavement Cuurse

iProof rolling {Entire surface.
i ' : ¥ .
1 ime = L}

- Control Item |~ - Frequency - _'Inspect1on
b ! : B .Tolerance
1 o - i -
Subgrade : IProof rolling lAny . time 'reqdired |
Subbase zHelght ' iEvery 20.m . | #5.0 cm
IThickness {Every 20 m I -5.0 cm
{Width o lEvéfy*zofm 1-10.0 cm
IMpigture ContenilAny time required | -
IGrading lAny time required ! -
'Proof rolling iEntire Surface |  _
Base {Aggregate iThickness {Every 20 m i1 -3.0 cm
{Base IWidth AEvery 200m. i -5.0 cm
i iWater Content  1Any time required_i +15,0%
i iGrading 2.36mm {1-2 times/1,000m “} +6.0%
| ! 76 mm  lor any time rEqu1 red
i iDegree of iEvery 1,000 m P 93.0%
R {Compaction.  lany time required ! .
iCement iThickness IEvery 20 m ! ~3.0 cm
~ iStabilizedi¥Width . iBvery 20m.. . _ | =56.0.cm
‘{Base | {Grading 2.36 mm 112 times/1000 m? ! +15.0x%
i 5 for anytime required *6.0%
! iCement Content !Any time requéred . -
i iDegree of tEvery 1,000 m i 93.0%
; {Compaction tany time required |
i | - ' i I
Surface!Asphalt i Thickness {Every 20 m I -0.9 cm
: iConcrete 1Width ... .itEvery 20 m. --3.0.¢em
} tTemperature AAny time required i - -
! iGrading 2.36 mm |1« .2 -times/day or . 5112 0/
i 175 mm (Hot bin) lany time required !+ 4.5%.
! {Asphalt Content 11-2 times/day or 1+1.5%
} i _ fany time required |
! iDegree of- - -iEBvery 1,000m : -or | -100% . .
} iCompaction iany time required !
1 - . : E____
iOther iThickness iBvery 20 m ; -
! Asphalt lAmount of - o !
{ Burface | Material - 1Any time required + - -
1 [}
' |
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TABLE 19.4-2 CRITERIA.FOR JUDGMENT OF WORKMANSHIP FOR PAVEMENT
FOR SMALL SIZE PROJECTS (cm)

i Inspection | Individual | Average of 10
Pavement Course |  Item | Measurement! Measurements
| i } (x10)
! i i -
Subgrade i Height ! 15,0 ! -
| Width i -5.0 | B
! Thickness | -4.5 ! -2.0
o b o |
Base } Crushed .1 Width : -5.0 ! -
! Aggregate Basel Thickness | -2.0 | -0.8
1 1 . 3 1
1 1 [ 1
} i Width ; ~5.0 ! -
! i Thickness | -3.0 | -1.2
] ] ) 1
1 —_ ] H JE U U
| Cement ! Width } -5.0 ! -
iStabilized Base! Thickness |} -3.0 i -1.2
! i 4 !
! Lime i Width ! =5.0 ' -
|Stabilized Base! Thickness | -3.0 1 -1.2
] T i 1 ]
) ] | b
Surface | Width i -2.5 ! -
I Thickness | -0.9 ! ~0.3
1 1 ¥
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