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CONSTRUCTION INSPECTION TECHNIQUES 
,FOR FLEXIBLE PAVEMENTS ' 

Introduction 
, .. 

The material, presented iri this wbrk1hop is to be addressed as if the 
Federal Highway Administration,.(FHWA.) field ,engineer is ac~ually 
conducting~n inspection of flexible pavement construction. It ctivers 
the necessary preparation, criti~al. construction inspection points, 
potential problems, and the solut;io_ns to these problems. The workshop 
is built on training materials and·' courses dealing with t~e s_ubject 
area of flexible pavements which have bee.n presented and/or are 
currently· being conducted~ · · · 

These materials and courses are entitled, nAsphalt Concrete MixDe.sjgn · 
and Field Control" (TA 5040.27) and 11 Principles of Quality Hot-Mix 
Asphalt Pavement; Construction,'' the 11Materials Course for Area 
Engineers, 11 and 11 Hot-Mi x Bituminous Paving. 11 Frequent . ref ere nee is 
made to these and other basic so.urces of information throughout the 
workshop. Active participation, comment, and. discussion of 
experiences and practices is strongly encouraged. 

The primary purpose of making detailed inspections· of active 
. construction phases is to ensure that a qua 1 i ty product is being 

produced which should perform according to design expectations and c.an 
be accepted for reimbursement with F~deral-aid highw~y funds. This 
assurance may be obtained by eva 1 uati ng comp 1 i ance with contract 
requirements and good construction practices. 

Since it is not feasible nor practical to revtew all aspects of every 
operation pe1rsonally, reliance is placed on verbal feedback from 
project personnel and the review of the project records. During 
construction field reviews and day to day contacts with State Highway 
Agency (SHA) and local engineers and inspectors, the FHWA engineer is 
expected to develop not only engineering assurances, but also 
professional working relationships. 

While team reviews will occasionally be used, the FHWA area engineer 
will typically .find himself or herself alone in conducting the 
inspection. Reliance must be placed on one's own training, 
experiences, and avai 1 ab 1 e references , for making . a cred i tab 1 e 
evaluation. Some input from others will probably also be available 
but this must be fi 1 tered and .evaluated in view of the perspective .and 
interest of the source. · 

The obje·ctives. of this workshop are to 

0 

0 

0 

provide reference materials which should be used in making 
flexible pavement construction inspections 

discuss how these inspections should be conducted 

provide assistance in the identification, tracking, and solving 
of problems which may be encountered. 

1 



The workshop 1s not intended to teach the specifics of bituminous mix 
design, but rather the basics of hot-mix bituminous paving operations 
and that relationship to mix design. Other training courses are 
available 'from National Highway Institute (NHI), the Headquarters 
program offices, -or the paving industry. Attendance at these courses is 
encouraged where such· a training need has been identified. 

Most related training courses are arranged in the sequence of proj~ct 
design and development, starting with. the composition . and 
characteri sties of the various mix constituents and working .through the 
mix design to construction operations. For this workshop, a more 
·logical sequence is to consider the elements in the order in which they 
would be addressed in. making a construction inspection or which they 
would be considered in solving construction paving problems. 

. ' ' ' 

Since there is no ideal nor standardized s~quence. of activities to be 
followed in. making a construction inspectf,n,. some variations in the 
inspection sequence from those used in this I presentation will still be 
expected. · 

The normal parts of the active phase of a conhruction inspection are 
. . I -

I 

o discussions with project personnel 1 

o inspection of plant and laydown operatfons 

o examfnatfon of the completed product or parts 
I 
I 

o records review. l 

l 
Observations made during each part of the in~pection should be evaluated 
as to 

o conformity to plans and specifications! ~nd product quality 

o contractor's process 'control · 

o project controJ and acceptance procedu[es of SHA's 

o needed improvements. 

Areas of concern need to be addressed in tennl of 

o the identification qf problems ! 

j 

o the tracing of causes 

o developing and providing s0·1 utions 

o undesirable op~ratfons which should be pointed out eve·n if 
product acceptability is not presently

1 

a problem. 
I 

I 
I 
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1. '. PRELIMINARY INSPECTidt. ACTIVITIES, 
. l . 

Thor-o.ugh .'?rep·aration is e
1

~se~tial for .. ,.·n. spe. (:t~io.n of_ f. l exi ... 61 .. e pavem. ~~t 
construct1on. Knowledge of the. plaris:~ spec1f1cat1ons, construction · 
practices, materials control procedures, mix design, and how these 
various elements fit together is fundamental to an effective 
inspect ion. . This· knowl~dge car, aod ;should be ac(!lui red,; .~efore the 
actual field inspection ~o that k.ey questions to ask during it ··can be 
formulate~ and valuable ~ield time c~n be most effectivelyutilized. 

In addition, iti"s advan~ag·eous to identify and be awar~_of any areas 
o.f known weaknesses in the specifications and/or procedures or .;n the 
general performance of flexible pavements in your State or area. Key 
facts and information to establish before the field ins~ection are 
address·ed be 1 ow by category. · 

l 

A·. Plans and Specifications 
I 

Thorough knowledge of the plans and applicable specif'lcations is 
essential to conduct a meaningful and productive inspection of 
flexible p.avement ¢onstruction. The inspecting FHWA field 
engineer should be k~owledgeable in the following details: 

l. Typical Section ~f the Pavaent - This incl.udes the mat width, 
thickness, and qross-slope" · Judgments can· be made at this 
point as to the :constructibility of the pavement, potential 
1aydown proble~s, general construction . sequences, and 
potential traffi~ handling problems if the work is to be done 
under traffic.. I 

. 2. Plan Quantities f_ Knowledge of the specific plan quantities 
allows the insp$cting engineer to make subsequent judgments 
of potential overruns. . 

3. Requiraents for Contractor Equipment - General and specific 
knowledge of the specification requirements for the asphalt 
plant, .the laydown equipment, th~ hauling unit$, and the 
compaction equipment will aid the ·engineer in (l) assessing 
the SHA' s contrb 1 of the work, ( 2) assess fog adherence to 
specification r•qu1 rements, (3) assessing the contractor I s 
capability to ~o the work properly, and (4) pin..,;pointing 
potential probl,m areas. Referen$,es: In addition to the 
projec~ specifi~ations are AASHTO 1M 156; IIRequirements for 
Mixi Plants i for Hot-Mixed Ho· -Laid Bituminous · Pavin 
Mixtllres · 1 As, hat Technolo ad Construction Practice 
, E3-1 and As ha t P ant.Manua -3 publ i$hed by the 
Asphalt Institute (AI). · 

I 
4. Requirements for Contractor Personnel - Several SHA' s have 

variqus specification r~quirements for the contractor's 
personnel who .P~rformkey process functions. These usually 
fall in· the jolt •clas.sifications of asphalt plant operator, 
batcher, weigh ~ast;e~, anq quaHty .control teehn·ician. The 
personnel certification programs of the States ,of Florida, 
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Virginia, West Virginia, and. Louisiana, and th~ trade 
association programs of the National Asphalt Paving 
Association (NAPA) and The Asphalt Institute (AI) are helpful 
in gaining a perspective on what these persons shou 1 d know and 
be capable of doing. This knowl~dge is essential for judging 
the capability of the contractor to do the work and for 
focusing attention on areas where problems may develop. 

5. Materials Quality and Source Approval r The quality criteria 
for source approval of the various imateri a 1 s (e.g., the 
aspha 1 t cement, the aggregates, fli 11 er materi a 1 , and· 

_additives) that go into flexible javements· ~s usually 
determined· before construction operati~ns start or prior to 
incorporation in the work. · 

i 

It is essential that the inspecting eng1neer be aware of these 
requirements and make sure these requirements have been met~ 
Critical quality criteria for each of-!these ingredients are 
as follows: 

a. 

b. 

Aspha 1 t Cement - (AASHTO M 20 ,nd/or AASHTO M 226) 
viscosity at 60°C (140°F) and visco~ity at 135°C (275°F), 
temperature suscepti bi 1 i ty, I vi seas i ty /temperature 
·relationship; specifically, the! temperature ranges 
relating to the viscosity r·ange of 1[50-190 centistokes and 
250-310 centistokes. ! 

Aggregates -

(l) Fine Aggregates - (AASHTO M ~9) plasticity index, -
soundne~s, particle size and s,ape, origin. 

(2) Coarse Aggregate - (AASHTO M !-283) particle shape, 
soundness, resistance to abras1on, origin. 

I 

. c. Filler Material - (AASHTO M 17) pla~ticity index, mineral 
origin. .I 

d. Additives - heat stability, sourtje, effect on asphalt 
cement and mix. ! 

Reference is made to the 11As halt co 1

crete Mix Desi n and 
Field Control 11 TA 5040.27 and Hot- 11x Bituminous Paving 
Manual for more extens ve treatment. 

6. Process Control Criteria - There are a µmber ~f requirements 
and criteria incorporated in most SHA sp cifications governing 
flexible pavement construction whi h are directed to 
controlling the construction process. These requirements 
norma 11 y take the farm of seasona 1 ut-off . dates, paving 
cessation 1 imits, continuity of operati ns, sequence or method 
of construction, and more recently, certain process control 
sampling and testing. (Reference: I FP-85 and Florida I s 
specifications.) The process control tjriteria most critical 
from a construction inspection viewpo·i·nt are delineated as 
follows: 

. 4 I 
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a. Paving seasort tut-off dates and/or 1 ate season paving. 
controls. The latter is preferred. 

b. Paving cessation limits - These should include all 
principal factors that affect the time available for the 
compaction process to. take place (e.g., ·mix laydown 
temperature, mat thickness, base temperature, wind 
velocity, viscosity of asphalt cement at mix laydown 
temperature, ambient atr temperature, and reasonable time 
for compactive effort to be applied). Reference: 
"As halt Concrete Mix .Dest n and Field Control" TA 
5040 .27 and -NAPA -s Superi nten . t . s Manua 1 on c_,,acti on. 

c. Continuity of oPerations ... This is normally imposed by 
subjective language included in the specifications (e.g., 
spreading of the bituminous mixture shall be accomplished 
in a continuous uniform operation with minimal stopping 
and starting). This is very difficult for SHA's to 
enforce and requires the contractor to balance his entire 
paving units, paver speed, number and speed of rollers, 
mat thickness, and mat width teing placed. This is an 
item that is best _addressed at the preconstruction 
conference or prepavi ng conference by the SHA proj 3Ct 

engineer and reinforced durit1g the cons.truction operations 
as required. Reference: D~apac Handbook. entitled, 
"Estimating Net Average Speedsrfor Pavers and·Rollers. 1 

d. Contractor process cont.rol sampling and testing - These 
specification requirements generally deal with materials 
contra 1 and take the .. form of number of . test per· 1 ot or 
quantity of production.. Typical process control te~;ts 
frequent 1 y required inc 1 ude aggregate gradation tests, 
asphalt content tests, mat density tests, and tests of 
pavement smoothness and/or ride. Spec_ifications may also 
requi r·e that this test information be,_ presented and 
maintained in control chart form. Reference: NAPA's QIP..; 
97 11 ualit Control for Hot-Mix Plant and Pavin 
perations. 

7. Materials Acceptance Requirements - These requirements are 
normally set forth in acceptance sampling plan format wherein 
specific number of tests per lot or quantity of material are 
specified, the point of sampling is delineated, _and the 
material 1 s properties .and appropriate test procedure arft 
specified. Whether th~ SHA uses a 11method type 11 or an 11 end~ 
result type" of specification wiJl greatly influence what 
these requirements are and how they are inc'orporated in the' 
specifications~ Tables I and II depict in general what is 
typically required for each of these types of specifications 
along with pertinent materials prop.erties and test 
requi:rements. Ful 1 knowledge of these materials acceptance 
requirements is essential to an effectual inspection and 
provides a large portion of the basis for determining. the 
acceptability of the project. 
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Table I. Raterials Aeceptance Requ1raants for llethud Type Specificat.ion 

llaterial Propetty(s} MSHTO Point of Typical 
Tested Test llethod Acceptance Testing 

Frequency 

Aspalt Viscosity or MSHTO HiuHng IMit 1 Per 
c.er.t T 201 or Plant Shi,-nt 

Penetration I: T 202 Stonge Tank 
MSHTO T lt9 

Aggregates GradatiM MSH1lJ T 11 Cold feed or 1 Per 
and MSHTO T 27 Hot Bins- 1000 Tons 

Plasticity MSHTD T 89 
Indices IT 90 

Bit&ai_,. Asphalt MSHTO T 16ft Back of Paver 1 Fer 
Jlix Content !lt Haultng Unit 1000 Tons 

at Plant - - - - - -- - - -- - -
Density MSHTO T 230 Roadway 1 Per 

1000 Ft. 

Table 11. llltenals Acc:eptance Requirem,ts for End Aelult • Type Specifictian 

llllterial Property(s) MSHTO Point of Typical 
Tested Test Method Acceptance Testing 

frequency 

Asphalt Viscosity or T 201 
c.ent & T 202 Feed Line 1 Per 

Penetration or MSHTO T 49 et Hot Point 20 Tons 

811:l.lllinaus G3.t~a MSHTO T JO Roadlay- 1 Per 
Nix MSHTO T 1611 Behind The 1000 Tons 

Asphalt Paver or 
Content Haul lilt 

at Plant - -·- - - -- - --
Stability MSHTO T 245 1 Per 

1000.Tons -- - - -- - -- - - -
Void COntent MSHfOT269 1 Per 

1000 Tons - - - -- --- - - - ~ --
'l 

Density AASHTO T 230 Roadwa 1 Per . . r, 
1000 Ft. 

*(Statistically based/perfonlBnce/llOdified-end result) 
i 
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8. Workmanship Acceptance Requirements - These requirements are 
typically more subjective fn nature than the materials 
requirements and require the exercise of engineering- judgment 
in a different vefn. These requirements deal with such things 
as joint construction, smoothness, or ri deabil i ty of the 
pavement, pavement texture, and pavement spread or thickness. 

a. Joint construction - Speci fi cation reQui rements governing 
the construction and acceptability of both longitudinal and 
transverse joints in flexible pavements typically cover 
preparation of the joint, joint construction methods or 
procedures, where they may be utilized, and 1 astly some 
sort of straightedge tolerance measure (e.g., l/8 inch in 
10 feet). A general knowledge of these requirements and 
subsequent checks on joint construction, smoothness, and 
tightness during the field inspection will help assure a 
quality end product. 

b. Pavement smoothness and/or ri deabi 1i ty - Severa 1 . SHA I s · 
. specification reauirements governing pavement smoothne-ss 

are set forth in tenns of some tolerance to a straightedge, 
usually 1 /8 inch to 3/16 inch in 10 feet. From a practical 
perspective tMs requirement. is usually only applied to· 
joints or obvious humps and depressions. Other SHA 's use 
an updated version of the straightedge in: the form of a 
rolling straightedge which allows a more quantitative 
assessment of the pavement .smoothness •. ·· Acceptance. cr.iteria 
for this measure is typically set forth in terms of percent 
of pavement, measured longitudinally, that is within the 
tolerance limit. More recently SHA's have begun to use 
profi 1 o·graphs and rf demeters to detenni ne the acceptabn i ty 
of the .pavement with regard to rf de and/or smoothness. 
Acceptance crfteri a for . these. measures are generally 
specified 1 n tenns of f nches per miles or some ride score. 
Reference: AASHTO Guide· · · Specf f1cat1ons on . Pavement 
R1deab11fty: 

c. Pavement thickness - Although project plans and pavement 
design procedures key on pavement thickness, the 
preponderance of SHA• s do not specify pavement. thickness as. 
an acceptance criteria~ . The typical approach is to check 
the spread and the loose-lift thickness during laydown with 
occasional cores taken to insure that adequate finished 
pavement thickness is being obtained. A few SHA's that pay 
for. flexible· pavement, on a square yard basis do . have 
pavement thickness acceptance requirements. The acceptance 
criteria is usually stated in tenns of plan thickness and 
is determined by coring of the mat. The· criteria is e.ither 
applied on an individual core basis or the average of a 
specified number of core thickness measurements. In view 
of the criticality of pavement thickness to overal 1 
pavement performance, it is essential that the inspecting 
engineer be fully cognizant of all Quality control and 
accepta.nce cri ter1a pertaining to pavement thickness. · 
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d. Pavement Texture - Acceptance criteria addres:sfog ,pavement 
· texture of flexible pavement is generally specified ir 

subjective terms with the bituminous mix design anc 
aggregate type and ,gradation having the most: significant 
influence .on the resulting texture of the pavement~ .A feh 
SHA's have implemented s.pecification requirements covering 
segregation which addresses both qualitative and 
quantitative aspects. Reference: Colorado-DOH 
specification requirements 401.16. 

B. Mix Design, Job-Mix Evaluation, and Approval 

1. Mix Design - Full k-nowledge and understanding of the SHJ\ 1 s mix· 
design procedures is cri ti ca 1 to the conduct of a thorough 
inspection of flexible pavement construction. The majority of 
SHA's use the Marshall Method of !mix design· wherein the 
parameters of stability, voids in th~ mineral aggregate, voids 
in the mix, specific gravity of the ~ix, and flow are used to 
establish the optimum asphalt contentj for a selected aggregate 
gradation. Ten SHA 1 s use the Hveem M~thod of mix design. This 
mix design procedure keys·on estimation of asphalt content, the 
stabilom~ter tests, density, voids analysis, and swell tests to 
select the optimum asphalt contenti Reference: 11Asphalt· 
Concrete Mix Desi n and Field Contro1°1 TA 5040.27 and The Hot­
Mix Aspha t Pavin9 Manual give·! specific details of each of. 
these mix design methods and di scusse

1 
the cri ti ca 1 i ty of each 

parameter and their related effects ion pavement performance. 
Tables III and IV summarize the princlipal factors which should 
be taken into account in preparing for an inspection of fl exi b 1 e 
pavement. Regardless of the method of mix design used, SHA 
procedures should require that the m,ix design is ·made on the 
materials that are to. be used on the project. 

I 
2. Job-Mix Evaluation Factors - In prepa~ing for an inspection of 

fl exi b 1 e pavement construction; there are a number of factors 
that should be evaluated regarding th~ job-mix established for 
a project. The factors to evaluate are listed as follows: 

I 

a. Aggregate gradation - A plot of~the aggregate gradation 
raised to the 0.45 power (e.g., see Figure· 1) should be 
made. This will allow assessment of the mix with regard to 
maximum density attainable, minimu voids, and potential ·mix 
stability. I 

The applicable gradation toleraJe limits should also be 
plott~d so as to give. some p{eliminary assessment of 
potential problems with tenderne~s of mix, comp at i b i1 i ty, 
void content, a .. nd gradation contrbo 1 • Reference:·- Hot-Mix 
Bituminous Paving Manual - pages t-11 through 2-14. 

b. Asphalt cement properties - Prel~minary evaluation of the 
asphalt cement to. be used wil~ frequently pinptiint 
potenti a 1 construction and pavemetnt performance prob 1 ems. 
The key properties to evaluate ar the grade of asphalt to 
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* These particular tables not applicable to all llixes; e.g. -Table 111 appropriate for surface courses and nol"IIBl 
weight aggregates with 1" to 3/8'' nallinal top size aggregate. Refer to the Asphalt Institute NS-2, Nix Design 
Methods for Alphalt Concrete, and TA SOII0.27, "Asphalt Concrete Nix Design and Field Control." 

Table III. Bituminous Mix Design Parameters - Marshall Method* 

Mix Typical or Recommended 
Parameter Criteria 

Asphalt Content 4.5 to 6.5% 
~ - -- ·- -- -- - - -- -- -- . 

Voids in Mineral 13 to 16% (Minimum) 
Aggregate (VMA) 

Traffic Heavy Medium Light 

75 50 35 
Compaction Blows 

Min. Max. Min. Max. Min. .·Max. 
I I I ---

Stability (lbs.) 1500 . . . . 750 .... 500 .. -
-- --L- I I -

Flow (0.01 11
) 8 16 8 18 8 20 

- -- -- ·- --'-- I ...L.._ ---
Air Voids(%) 3 5 3 5 3 5 

I I I 

Table lV. Bituminous Mix Design Paramenters - HVEEM Method* 

Mix Typical or Recommended 
Parameter Criteria 

-
Asphalt Content 4.5% to 6.5% 

Traffic Heavy Medium Light 
; 

Min. Max. Min. Max. Min. Max. 
Stabilometer 

37 . . . . 35 . ... 30 .... 
Swell 'Less Than 0.030 Inches 

Air Voids 4 or More Percent Air Voids 
i 
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be uted, · the source'" of the _ aspha 1 t cement, the temp,rature/ 
viscosity .curve for the asphalt •cement making special note-of the 
mixing laydown~ and compaction temperature ranges with associated 
viscosities. The mixing temperature range specified in the job-mix 
should correspond to a viscosity of 170 + 20·centistokes and the 
cut-off temperature for compaction shoul cf correspond to a maximum · 
viscosity of 5000 centistokes. The· optimum compaction temperature 
range, however, is that corresponding to a -viscosity of 280 + 30 
centistokes. -· See Figure 2 for an example of- this evaluation. 
Asses~ment of the slope of the temperature. viscosity curve wi 11 
also give $Orne indication of the temperature susceptibility of the 
mix. This will aid in dealing with potential compaction ·problems 
that may develop during construction. See Figure 3 for the effect 
temperature susceptibility has on asphalt performance. · 

c. Bituminous mixture properti~s - In addition to. the mix design 
parameters previously delineated for the Marshall and/or Hveerri 

.Methods, evaluation of the moisture susceptibility of the mixture 
is extremely important especially as it affects subsequent pave:nent 
performance.· "Effect of Water on Compacted Bituminous Mixtures 11 

(immersion compression test) (AASHTO T 165) and 11 Resistanc£! of 
Compacted Bituminous Mixture to Moisture INduced Damage" (AASHTO 
T 283) are currently the only strippini test procedures which have 
been adopted by AASHTO. The AASHTO T 283, commonly known as the 
Lottman Test, requires that the test specimens be compacted so as 
to have an,air void··content of 7 ± 1 percent, while AASHTO T 165 
does not. This air_ void content is what one would expect in the. 
mat after construction compaction. One of the most promising test 
procedures is that developed by Tunnic-liff and Root as·reported in 
the National Cooperative Highway Research Program (NCHRP) Report 
274*. · See Table V for a summary :of moisture susceptibility tests. 
Reference: "Mix Desi n Methods for A halt Concrete" AI MS-2 
and Stripping of Asp a t Pivwnts: State-o -t e•Art, TRB Report. 

- ---·------ -------
Table .v. Summary _of Bituminous Mixture Moisture Susceptibility Tests 

Test Test Test 
Precedure Deliaaadon Criteria 

lmmenioll • AASHTO T-16$ 70 Percent 
ConlpressioR (ASJ'M D 1075) Retained Stahllity 

Statle Immersion ASTM D3625 95% Coating 
Stripping Test Required 

Dynamic Immersion. Caknns 75% Coating 
Strippi■1 Test Test No. 302 Required 

Lottman Tensile • AASHTO T-283 70-Percent 
Splitting Ratio Retained Strength 

Texas Pedestal Number of Freeze • Thaw 
Test ....... Cycles Required to 

lnd111:e Cracking 725 

Coating and 9511/o Coating 
Strlppinll llf 

i 
AASHTO T,182 Required 

Bitumen,A1111rcgak 
Mixtures 

A Also the Tunnicliff and Root (NChRP 274 and TA 5040.27); 
it is similar to Lottman (AASHTO T 283), but has no freeze cycle. 
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The key point to keep in mind in evaluating the job-mix is.that 
the SHA has evaluated the mix a:s to its sensitivity to moisture 
damage and has taken this \into account in the job-mix. 

The parameters of·voids in the minerar aggregate, the voids in 
the mix, and the influence th-is method of specific gravity 
determination has on these parameters should be considered in 
the preliminary evaluation'of the job-mix design. Ideally, the 
job-mix should produce a pavement with 3 _ to 5 percent* air 
voids using the Rice Method (AASHTO T-209) for determining the 
maximum theoretical specific gravity of.the combined mixture. 
See figure 4 for a plot of pavement-d;urability vs. percent air 
voids. . Reference: 11Hot ... Mix B1twninous Paving Manual 11 

--

- pages 2-18 through2-20 and 1Asphalt Concrete Mix Design and 
· Field Control'' (TA 5040.27). -- -- ,i - · 

The' parameters of stability; flow, etc., that a-re inherent in 
the mix design method used ,should be !evaluated in terms of the 

· class of highway pavement being con~tructed and the type of 
traffic bei~g s~rved {e.g~, Hght tr~ffic, m~diuf!J traffic,_or 
heavy traffic). : Tables III and IV sh1ould as·s1st 1n evaluating 
these parameters and the-·specific jop mix established for the 
project to be inspected. 1 

i. 

'The resulting job~mix is normally jset forth with specific 
target vali.res established :for · ! 

0 · mixing temperature 
o· aggregate grading 
0 asphaTt content , '-. 
0 maximum theoretical densit.y. 

i 

In view, e>f th~ exp~cted .vari abi Hty\ associated with each of 
thes~ parameters, it is ,-also benefi9ial to_ ass.ess how normal 
co.nstruction variability in any one ~r combination of job-mi"x 
parameters will reflect on the mix design parameters of 
stability, flow, specific gravity, e:tc. For example, if the 
specificati_ons allow a ± :0.5 tolerance on asphalt cement 
content, a general assessment can be rpade as to the effect this 
degree of variability will have on pa~ement density and/or void 
content of the pavement, stabi 1 i ty of; the. mix, and fl ow for the 
Marshall Method of mix design.· Similar assessments should also 
be made with regard to each job-mix parameter. _ 

3. Job-Mix Approval - Currently most S}\IA 1 s are assuming full 
responsibility for the development andi Jpproval of each job­
mix. This · responsibility norma 11 ~ rests with the SHA I s 
materials engineer. Under these conditions and from a 1 egal 
perspective the SHA becomes fully re~ponsible throughout the 
construction process to see that the co~tractor adheres to the 
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(As ultimately attained under traffic; se~ the Asphalt Institute's 
MS-2, Chapter VI) 
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approved Job-mix. From a practical perspective, the contractor 
and more specifically his individual personnel have the real 
control of the work. Construction variability introduced by 
the contractor through hf s crushing operations. mate.rials 
supply and handling, and constructf on operations, · can 
frequently impact the job-mix that f s set up for the project. 
Wfth this in view, a clear understanding of how job-mix changes 
are to be handled should be es tab 1i shed in preparing for the 
ffeld inspection. Field adj.ustments to the job-mix for 
whatever reason should be ·evaluated by the SHA person 
responsible for the mix design and job-mix approval before' the 
adjustment is made. This often takes considerable time and can 
greatly impact the contractor's operations~ however~ it is a 
very essential step in assuring gGod flexible pavement 
performance. 

· c. Pavement Construction and Perfonnance Problas 

A preliminary review of pavement construction and perfonnance problems 
will help direct where ft is most productf ve to spend field inspection 
efforts. Review of previous inspection reports, project materials 
certifications, pavement condition· surveys. and maintenance. reports 
coupled with personal knowledge, obser,,ations, and discussions with 
SHA 1 s construction, materials, and maintenance personnel, as well as 
other FHWA · field. engineers wfll assist i>1 establishing the key element 
to cover during the field inspection. 

Tables VI through VIII provide excellent guidance for determining the 
root construction and materials causes of flexible pavement 
deficiencies. Preliminary reviews· of these trouble shooting guides 
prio.r to the field inspection is highly recommended~ 

Many of the performance problems associated with flexible pavements can 
be traced back to deficiencies in materials, construction, and/or 
design. The Hot-Mix·. Bitullfnous · Paving Manual on ,pages 6-1 through 
6•18 are recommended for rev1ew prior to making the field fnspecti.on. 
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Table VI. Effect of Construction Equipment and Construction Techniques on Asphalt Cement Properties. 

Usual 
Effect On 
Asphalt 

Construction Related Factors Consistency Mechanism 

Drum Mixer Versus Batch Plant Soften* Lower Mixing Temperatures Are Utilized in Drum 
Mixers. Possible Unburned Fuel· Contamination. 

Vibratory Roller Versus Pneumatic · Harden Vibratory Equipment May Not Seal Surface and 
Pavement Is Permeable to Air and Water Thus 
More Rapid Hardening During Service .. 

Bag House Versu.s Wet Washer Harden Baghouse Fines Are Returned to Mix Which may 
System Increase-( the Apparent Viscosity of the Asphalt. 

°' Transport of Asphalt in Soften Residual Products in Transport (Often Heavy Fuel 
Contaminated Transport Oil or Cutback) Soften Asphalts. 

' 

Mixing · of Asphalt in Storage Soften Blending of Two Crudes of Same Grade May 
Chemically Interact to l?orm. an ()ut 9f Grade 
Product; Separation of. Asphalts ·Would.Amo Occur. 

Use of Antistrip Chemical in Soften Chemical Interaction Usually Results in a Softening 
Asphalt of the Asphalt .. 

High Mixing Temperature Harden Higher Mixing Temperatures Promote More Rapid 
Oxidation :and Volatilization of Asphalt. . 

Hot Storage of Asphalt Concrete Harden Prolonged Storage of Hot Mixes Will Promote 
Oxidation . and VolatiUzation of Asphalt. 

* Excessive Hardening Can Occur if Proper Flight Maintenance Is Not Practiced and/or Production Quantities 
Arc tow. · · 



Table VII. Mat Problem Trouble Shooting Guide. 

Wavy Surface - long Waves ... 1 
l ' I ... .,.. ... ... ... , ... .,.. ... .,.. X X X X X X I Xi 

Tearing of Mat - Full Width i ... ... ... 1 I xi X X X xix! x 
Tearing of Mat - Center Streak 1 ilxl .,.. ... ... ... ... 
Tearing of Mat - Outside Streaks I ... ... I I x! ... , ... ... .,.. 
Mat Texture - Nonuniform ... ... ... ... 1 ... .,.. ... I..., ... ... ... X X X X X I xix 
Screed Marks l ... ! X X l I 
Screed Not Responding to Correction I ' ... 1 ... ... ... ... X ! XI Xi 
Auger Shadows ... - . i I ! X X X \ ! I 

Poor Precompaction 1 ... I 1 ... j i ... X X ! !x 
Poor Longitudinal Joint .... ... ... .,.1 I 

I ... ... 1 ... 1 ... X I Ix 
Poor Transverse Joint i ... I .,,, ... ... i ... ... X i Ix 
Transverse Cracking (Checking) X X X X Xi X/ 

Mat Shoving Under Roller I X X X Ix X Xi X! 

Bleeding or Fat. Spots in Mat X X x! xi ! 

Roller Marks X X X X i xi ! 

Poor Mix Compaction X X X X X X XI X1 XI 

1. Find problem above. NOTE: Many times a problem can be caused by more than one 
2. Checks indicate causes related to the paver. item,· therefore, ,1 1s important :hat each cause listed is 

X's indicate other problems to be mvestigated. eliminated lo assure solving the problem. 
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Table VIII. Possible Causes of lmperfeedons in Finished Pavements. 

Insufficient or Non-uniform Tack Coat X X X 
Improperly Cured Prime or Tack Coat X X X 

Mixture Too Coarse X X X X X X 

.Excess Fines in Mixture X X X X X 
Insufficient Asphalt X X X X 
Excess Asphalt X X X X X 
Improperly Proportioned Mixture X X X X X X X X X X X 
Unsatisfactory Batches ;n Load X X X X X X 
Excess Moisture in Mixture X X X 
Mixture Too Hot or Burned X X 
Mixture Too Cold X X X X X X X X 
Poor Spreader Operation X X X X X X X 

Spreader in Poor Condition X X X X X X X 
Inadequate Rolling X X X X X X 
Rolling at Wrong Time X X X X X X X X X 
Over•Ro 11 ing X X X X X 

Rolling Mixture When Too Hot X X X X X X X 
Rolling Mixture When Too Cold X X X X X X 

Roller Standing on Hot Pavement X X 

Overweight Rollers X X X X X X X 

Roller Vibration X X 

Unstable Base Course X X X X X X X 

Excessive Moisture in Subsoil X X X 

Excessive Prime Coat or Tack Coat x X X 

Poor Handwork Behind Spreader X X X X 

Exe es s ive Hand Rak i ng X X X X X . 

Labor Careless or Unskilled X X X X X 

Excessive Segregation in Laying X X X X X X 

Faulty Allowance for Compaction 
. 

X 

Operating Finishing Machine Too Fast X X X. 

Mix Laid in Too Thick Course X 
Traffic Put On Mix Whil & Too Hot X 

~ 
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II~ BASE/GRADE PREPARATION 

With today's highway construction program addressing a broader spectrum 
of activities, new constructf on, resurfacing, restoration,. 
rehabilitation, and reconstruction, special efforts and attention must 
be directed during the field inspection of flexible pavements to the 

· preparation, adequacy. and condition of the base/grade on which the 
pavement 1 s being constructed. The critical elements and factors to 
cover during the field inspection vary with the type of construction. 

A; New Construction 

In new construction the elements to cover during the field inspection 
have largely been addressed under the Base Course Construction 
Workshop~ however, they are worthy of brief reiteratfon. 

1 ~ Thickness and Support - A check. should be ·made on base 
thickness and support in conjunction with the field inspection 
of flexible pavement construction. Thfs check should, as a 
minimum, include review of the project control and acceptance 
test results for thickness, density and stability, and/or 
strength where applicable. A. quality level analysis of these 
test results 1 s suggested for detemi n1 ng confonni ty to 
specification and plan requirements. Along with this check, 
visual observations should be made of the base/grade to 
detennine if any obvious weak spots exist. 

2; Workmanship - The grade, smoothness, and cross-section of the 
base/grade will greatly influence what is attainable for the 
flexible pavement. The use of string lines and automated 
pavers has led to somewhat of a laxf ty in the workmanship being 
achieved for bases. It is not always possible and it is 
usually not economical to try and level up the grade or cross­
section with hot-mix. For these reasons it is imperative that 
the field inspection include a check on adherence to cross 
slope tolerances, grade, and smoothness reQu1rements specified 
for the base/grade. 

B~ Resurf•c,ng; Restoration; Rehabilitation and Reconstruction 

Thorough field inspection of projects involving resurfacing, 
restoration, rehabilitation, and reconstruction require more engineering 
judgment and experience than projects involving -new construction. 
Careful and insightful observations should be made during the ff el d 
inspection to discern if there are any pavement distresses evident that 
may be related to base or subgrade failure.. If these observations 
detect fatigue or alligator cracking~ judgment must then be made as to 
the adequacy of the rehabi 1 i tati on or reconstruction treatment. The 
following offers guidance for making these observations and judgments. 
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1 ~ Pav1111nt Eva 1 u1ti on and Current Condi t1 on Survey -
There 1 s often as muc;1 as a 2-year time 1 ag between the time . 
the pavement evaluation and condition survey is performed for 
design purposes, and the time the project goes to 
construction. Further weakening of the base and subgrade can 
and frequently does take place during this time period. In 
view of this. the inspecting engineer should review the 
pavement evaluation and condition survey on which the 
rehabi 1 i tati on or reconstruction 1 s based and detenni ne the . 
type and extent of any further distress that may have 
developed. If the SHA uses a non-destructive test method such 
as the Dynaflect, RoadRater, or Falling W~ight Deflectometer in 
the pavement evaluation, this data shou1Q a1so be reviewed in 
conjunction with the field inspection iof current pavement 
conditions. From a review of this data t~e inspecting engineer 
can make judgments as to the competency of the underlying base 
and subgrade~ 

If the rehabilitation project involve~ rotomillipg and/or 
recycling, careful inspection should be ma~e of the rotomflling 
operation. This wfll assist the inspecting engineer in 
detennining the extent of stripping that apay. have taken place, 
the depth of rotomilling that needs to be :done~ and whether the 
rehabilitation treatment will be effectfve~j 

2~ Evaluation of the Adequacy of the' Jlehab111tation or 
Reconstruction Treatment ... There are· a number of 
rehabflita.· tion and reconstruction treatmehts being used today 
which have had 1 imi ted. performance hi stbrtes. This coupled 
with· the practice of just placing anothejr overlay to appease 
pol 1 ti cal pressures has resulted 1 n • .number of costly 
premature . pavement failures~ Recent failures have also been 
reported where overlays hav~ . been pl aced . pn iexf stf ng pavements 

. with subsequent stripping developing fn the existing pavement. 
This. failure has been traced . to wate~ tntrap~nt in the 
existing pavement by the overlay. This c~upled w1 th high tire 
pressures has resulted in hydraulic strip~fng which has led to 
early p<1vement failure~ 

Recent guidance has been developed whfjch relates type of 
pavement distress to appropriate rehabilftation . alternative. 
This guidance is summarized: in Table IX And should be used by 
the FHWA field engineer making the 1 nspeqti on to evaluate the 
adequacy of the rehab11 itati on or recoqstruction . treatment~ 
Steps shou1 d be taken to ass. ure that corr~ct'i ems and/or design · 
changes are made if there are apparent ;natequacies of which 
the SHA project personnel are not aware~ 
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Table IX~ Pavement Distress - Possible Causes and Rehabilitation Alternatives 

Type of 
Distress 

Rutting 

Ran-ling 

l-'lusbing 
tBlt·t·ding) 

Alligator 
Cracking 

I .ongitudimit 
('rarking 

l'rans,crsc 
Cra\'king 

Roughness 

Structural Ddicieiu:) 
UMAC Mix Design 
Asphalt Cement Properties 
Stability of Pavement I.ayers 
Compaction (Density) • All I.ayers 

I.ow Asphalt ('.optcnt 
t:xcessivc Air Vt1ids in IIMA(' 
l lard,cni11g of Asphalt 
W alcr Susceptibility (Stripping) 
Aggregate Characteristics . 

Pos.-.ible {'auscs 

Hardncss and D11rability of Aggregate 

lligh Asphalt ( 'onlcnt 
En·cssivc Uensitkalion of HMM· During ('011strm:1iun or b) lraftk (I.ow Air Void Conten0 
Tempcrat11rc Suscc11tibility of Aspll.dt (Sol't Aspball at High Tenapcratures) 
Excess Application ol' .. Fog" Seal or Rej11w11ating l\'laterials 
Wakr Sust·cptibility of Undt·rla~fo~ t\,;phalt Stabii1ed l..i}crs Tog1:ther With Asphalt 

Migraliuq to Surface 

Strncturat l>cticiency 
Excessirc Air Voids in IIMAC 
Asphalt Cement Properties 
Stripping of Asphalt From Aggrcgatc 
Construction Dctidcncics 

toad Assodatcd 

Structural Deficiency 
Excessive Air Voids in HMAC 
Asphalt C cment Properties 
Stripping of Aspbalt From Aggregate 
Aggregate Gradation 
Construction Ddicicncies 

Non load Associated 

Volume Change Poicntial 01· 1:oamdation Soil 
Slope Stability of Fill Materials 
ScHlt'mcnl 01 Fill or In-Place Malcrials ,!s a Rl'!';UII o{ hu:n·a..,cd Loadings 
Segregation Due to l.aydmrn Machine 
Poor Joint Com,truction 
Other Construction Dclicicncics 

Hardncss ,,t· A'iphalt Ccmcnt 
Stiffness of IIMAC 
Volume Changes in Bast' and Suhbasc 
l lm,..,ual Soil Properties 

Presence of Ph)sical Distress (Cracking. Ruuing. (orrugations, Potholes, Ek.) 

V olmne Change in flll and Subgrade Makrial, 
Non-Uniform Co11structio11 

Rehabilitation Alternath·es 

('old MillinJ! Including Profile Requircme11ts~ With or Without Overlay 
Heater Scarification With Surface 'l'reatment or 'l'hi11 Overlay 
Rcplac:eimml (Particularly Applicable to Corrugations in tocalized Areas) 

Dilute [mubion or Rejuvenating .. fog" Seal 
Seal C'mll With Aggrl.'gatc 
Sluro Seal 
Thin HMA<' On•rla) 

O,crlay of Open Graded 1-'riction Course 
Seal Coal (Well Designed With Good (<'ield Control During c:oitslructioa) 
Cold Milling With or Willmul Seal Coat or Thin Overlay 
Hcatcr-Scaritication With Seal Coat or 'l'hin Oh!rlay 
Heal Surface and Roll-In Coarse Ai..'tlregatc 

Seal Coat 
Kcplaccmenl (Dig-Out and Full Depth HMAC Replacement in fldled ArHSJ 
Overlay of Various 'l'hickncsscs With or Without Special Treaameats to MW.,-Lr Cnd 

· Reflection 
Recycle {Central Plant on In-Place) 
Reconstruction 

Crack Sealing 
Seal Coat (Applied to Anias With Cracking) 
Replacement (Dig-Out and Replace Distressed Areas) 
'J'hin Overlay With Special Treatment Co Seal Cracks and Minimile Rc..flertioa Cracking 
Asphalt-Rubber Memlmmc Wiab Aggregate Seal or Thin Overl11y 
Hcalcr-Scaritkatio11 With a Thin Overlay 

('rack Scaling 
Seal (·oat 
On.'rla) Witlt Sa,t:elal Irc11tment to Seal Cracks. a11d Minhni:t:c Reflection Craddng 
.\~obit R11f1hn Mcmhranc With :\ggn•gah• S(·al 01 Thin (hcrl,n 
Huh:1 .............. i,,,11 ·\'uH, " i hm OH•rh1y 

On•rla) 
(old Millin1t Willt or Without OH•rl.1) 
Htatcr SurHifaticm \\ ilh O,crla) 
Heatt•r Plan11lng With Oi1.•rlll) tPrin111rih fol' I .ol·al Areas imd Areas With ( «rugations) 
Rl'c,clc (('t•nfral l'fa111 nr ln-Pla1.·d · 



III. PLANT OPERATIONS 

A. Specifications and Controls 

Each of us is probably least fam111ar with this phase of the hot-mix 
construction process. We have talked earlier about the mix design 
and quality of aggregates and asphalts. The SHA/ Contractor 
operations 1n aggregate handling and stockpiling, asphalt storage, 
mixing (batch plant or dryer drum) and hot asphalt mix storage 
contribute directly to the quality of the finished product behind 
the paver. 

Specifications and controls are probably more generalized and least 
specific in this phase ~f operation than any other. The contractJr 
established his plant operation and control to minimize his effort 
and handling of aggregates and asphalt 10 make the operation dS 

efficient as possible while still producing: the specified hot mix. 

Standards, practices and workmanship may ~ary from State to State, 
contractor to contractor, and project to ptoJect, depending on plant 
design and equipment variability, material~ availability, contractor 

. personnel, and SHA inspect'ors. ! 

During the inspection of a flexible pa~ement project most major 
phases of work involve some review of qperations at the hot-mix 
plant. Since plans and specifications dQ not nomally define the 
methods and equipment the contractor is t~ IJse, we should be aware 
of "nonnal n standards of workmanship anq acceptable practices by 
which to judge the plant operatf ons. iBy being aware of good 
practice we will be able to detennine if ·~ poor mix is being placed 
on the project. , 

Some States require that hot-mix ·pl ant operations be certified -
Plant technicians and operators as well as/the equipment, scales and 
controls have to be tested and periodicaUy certified by the State 
or other independent agency. Contractor and SHA personne 1 
certification programs usually are base~ on short courses, and 
examinations, and renewal of this c~rtificati on . is required 
periodically.. If it is a cert'if1ed plant~ the plant and operators 
will be required to have current certificatJions. 

I 

Probably the most fascinating (yet leas I productive} part· of the 
plant to inspect is the control shack. he maze of wires running 
into that generally ", ir conditioned" ecca with the board of 
gauges, dials and recording devices tells us little for the time we 
have to spend on the job. Key questions o review for this element 
are 

o Is this a certified plant? If 
certified? 
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0 

0 

0 

0 

If so, the operator or technician should carry simi 1 ar· 
cert i fi catfon; does he/she? 

When was the plant last calibrated and by whom? 

Are there signs of control ,modifications or short cuts 
added_ ·by the contractor? 

And lastly, what is the role and relationship of the SHA 
Inspector? 

In-depth review of the control and operation of a hot mix 
paving plant and its equipment is largely subjective. Training 
manuals and courses are available from.manufacturers and the 
industry alike. We wi 1l not try 'to exp 1 a in the aechan ica l 
o.peration of an automated plant during this short workshop but 
certainly each field engi.neer is encouraged to participate in 
a plant certification review with the SHA materials engineer 
or certifying authority. (Additional discussion ls given under 
Drum Mix Plants in section E.1.) ·· · 

The Asphalt lnstitute's Asphalt Plant Manual (MS~3) is one of 
the best general guides tor FHWAarea engineers in preparing 
for :general field inspections of plant operations. Also see 
•Asphalt Mix Design and F1t1d ControP (TA 5040~27). 

B. Aaregate 

l. Materials Source 

The key things to observe and evaluate while reviewing· the 
materials phase of the operation are 

0 

0 

0 

RetnQva 1 of overburden clay, deleterious materia 1, or other 
nonspecification material. · 

Blending of material from pit or quarry to have de$irab1e 
or unifo·rm material for the crushing operation. 

Crushing and screening operations: 

scalpers/screens 
excess overflow/reject 
what is being done with reject material? 
does the crushed material meet specifications? 
is the crushed aggregate excessively dirty or dusty? 
does ·over-sized or foreign material appear on the 
conveyor after crushing? 
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These evaluations may require a little closer look at the materials 
source, the crusher, or the handling of this phase of the opera ti on. 
Once raw material ls crushed from the pit or quarry it is generally 
sized by use of various 'screens and stored in l to 4 stockpiles. 
Sea TA 5040.27, 11Asphalt Concret• Mix Design and field Control• for 
more specific information on stockpiles, particularly for dNII ■ixer 
and scraanless batch plants.. The i,ntroduction of both white anc 
black recycling has required additional materials preparation and 
handling. Requirements are somewhat unique to these types of 
projects. 

Methods of stockpiling used on any operation should insure a minimum 
of segregation. Sands, s1ngle-sized aggregates, and even crushed 
fine aggregate can generally be .handled andstbckpiled by almost any 
method · with 1 i ttle worry of segregation. rHowever, material of 
varying size will most cer,taioly segregate/ during handling and 
stockpiling operations.. Methods that limit segregation should 
always be used so that aggregates can be ef:fi4iently blended in the 
hot mix plant to meet the Job-mix design. 

2. Crushing and Mixing Operations 

Signs .of segregation and improper matedals handling should· be 
monitore,d dur:ing a review of the crushfog and mixing operations. 

Specifii things.td look for are.· 

0 

0 

Gradation and number of stockpiles specified. Frequently the 
contractor will change the pit source br stockpile.· A recheck 
of the mix design is again necessary wben: this is done. 

locatiqn and construction of stockpile~: 

Th- stockpile should 6e locateJ ~n a stable, clean, 
drainab}e, working S9:lrface. i 

I 

There should be sufficient distanc~ ~etween stockpiles to 
a11ow working area for receiving ~n4 handling aggregates 
without. contamination or interming1in~ of materials. 

I . 

Stockpiles should be constructed !in layers with limited 
mechanical movement of each layer(: Thick layers may be 
placed using conveyors with chutes, b~lkheads, and etc, to 
minimize segregation. 1 

When stockpJles are constructed with trucks_ 1 c_la~shells, etc., each 
layer or th1ckness should be placed over th$ e11t1re area before the 
next layer is started. ; 
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Some degradation occurs with all handling. This is generally 
not signf f1cant if care is taken when moving and working 
material with heavy equipment. If the stockpiled material 
cannot meet specified gradations ft is highly unlikely the 
final hot-mix can meet the job-mix·fonnula (JMFl either. 

C. Asphalt 

Storage Handling and Sampling 

Asphalt storage and handling on the project is critical to the 
construction of the durable hot-mix asphalt pavement. Asphalt 
storage capacity at the project plant should be sufficient to 
maintain a un1fonn operation while allowing for delays in 
shipments or time for testing of indiV1dual loads. Storage 
tanks should be insulated and calibrated so the amount of 
asphalt material remaining in them at any - time can be 
measured. These tanks should al so be equipped with a 24-hour 
recording thermometer. 

Storage tanks, transfer lines, pumps and weight buckets should 
have heating coils or jackets to maintain the asphalt at the 
requfred holding. temperature (3250F maximum). Heating is 
generally accomplished by circulating hot oil or steam thru 
coils in the tank or it can be done using electric. resistance 
coils. In no case should direct heat (flame) be used. · 

Sampling of stored hot asphalt should be through a spigot. or 
sample valve. in the tank discharge lfne between the pump .and 
the return line discharge. The valve location must be readily 
accessible and installed in such a way that. the valve can be 
flushed and samples can be drawn slowly arid safely at any time. 

Protection from contamination of the hot stored asphalt is 
critical. Contamination may occur from residue of material. 
previously stored in the tank or the solvent used to clean the 
tank. Water contamination, although not as serious, . occurs 
from condensatf on from frequent heating and cooling or from 
leaks in the steam heat system~ Contaminatfon from hot oil 
heating can be detennined by a loss of heating oil. 
Contamination can result from introduction of new shipments of 
asphalt. Anti-strip additives can also ,change the 
characteristics of the asphalt.cement. 

2~ Blending Problems 

NCHRP Re§ort 269: Paving With Aseha1t Cements Produced in the 
1'8o•s . oes an excellent Job· presenffng the paving and 
performance problems associated with blended asphalts. 
Problems occur. when asphalts from· more than one supplier or 
source are b 1 ended in the same storage tank at the pl ant. Two 
asp ha 1 ts of the same grade can be mixed and produce an asphalt 
out-of-grade because of the . chemical interaction of the 
asphalts. This practice of .blending asphalts from different 
sources has become fairly common among contractors as they shop 
for low-priced asphalt. Refer to Figure 5. 
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Figure 5. Effect of Chemical lnteracrn on Blending of Asphalts 

! 

It. is e.xtremely importan.t that the!SH. A project enginee.r and 
contractor be aware of this b ending prob 1 em. FHWA 
strongly advocates that each shipment invoice shows not 
on 1 y the manufacturer I s crude so

1

urce and grade but a 1 so 
i nclude,s the appropriate temperature/viscosity curves 
pertaining to that particular asphalt. By using the 
information provided on the temper~ture/vi scosi ty curve the 
field engineer can determine t~e differing mixing and 
laydown characteristics of that a~phalt and the subsequent 
11 b lended" . aspha 1 t and can effeC'ti a re-check on the mix 
design and a change in the JMF asjnecessary. 

i 

Additives introduced into the as halt at the refinery or 
the storage tank affect viscosity and penetration and have 
limited 
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shelf 1 ife. The numerous anti-strip chemical additives used to 
reduce water suscepti bi 1 i ty should be tested with· the asphalt 
during the final mix design.: Extended heating and -storage of 
the asphalt with such additives can adversely alter perfonnance 
and durability of the finished product. · 

The 1 ast point to check on with regard to . storage of ; hot 
asphalt is the effects the method of storage has on oxidation 
or aging . of the asphalt. This is best d~termlned through 
testing when an apparent problem is evident. 

D~ Suanarizin9 the Handling, ·storage~ Crushing, and Stockpiling 
Operation of Aggregate and Asphalt 

We have spent but a few mi nut es di scussi n·g the materi a 1 s ha nd1i ng, 
storage, crushing and stockpiling operations with only major pointc; 
having been made. However, there are many other critical point•-; · 
inherent in each specific operation which must be evaluated~ TheM 
is no substitute for on-the-job experience. Again as area engineers 
you are encouraged ,to participate in inspections-in-depth scheduled 
at. both corrmercial pl ants or on the Job when conducted by FHWA Ot" 
SHA, materials special~ sts. · · 

Key features observed in this phase of operation: 

o Material s.ource,. gravel pit, o·r quarry should be free ard 
clean of clay and deleterioµs materials • 

. o Overburden should be thoroughly removed to, .provide for 
crushing operations. 

o Materials handling, crushing, and stockpiling should be 
neat and orderly. 

o Watch fo.r screening . operations which may be producin, 
excessive waste or overflow. 

o Observe. the uni fonni ty and cleanliness of aggregates on th, 
feed belt. Are there overs·; zed, foreign material, clays 
or ex·cessive dust and fines? 

o Does the handling and stockpiling· cause segreg~tion? 

o Is the hot asphalt storage pf sufficient capacity and is i 
properly insulated and heated? 

o Where are asphalt samples taken . and is the SHA/contractc- 1 • 

aware of p.rob 1 ems with contamination? 
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0 Does the SHA properly sample asphalt and agg_regates and is the 
information used to adjust the mix design when asphalt sources 
or materials properties change? 

E~ Hot-Mix Plants (Batch) 

1. Stockpile to Cold Bin 

The basic princi~les of cold feed operations are similar for 
most.types of hot-mix plants, continu9us, batch, or drum mixer. 

· Proper co 1 d feed ca 1 i brat ion , and contra l is essent; a 1 to the 
production of a quality hot-mh. Prq~lems associated with the· 
~emperature and moisture contra 1, segfegat ion, aggregate· supp.1 y 
imbalance on screens, dryer, or in I the pugmill or drum can 
normally be traced back to the cold ~eed. 

Plants should be equipped with a minimum of four cold feed. bins 
with positive separation. . The cold !feed bins are charged by 
material produced and stockpiled usi*g conveyors or front end 
loaders or both. Care needs to be :exercised to balance the 
aggregate operation. with the plant · demand. The .bins should 
never be over loaded nor allowed to run low~ The same concerns 
with aggregate segregation. and degra~ation during stockpiling 
operations exist, in the cold feed d~livery. 

If aggregate is stockpiled over a tun~el and belt, special care 
should be taken when charging materi•l over the feeders. For 
ex amp 1 e, bul 1 doze rs used on stockpi 1 es: may cause segregat i an and 
degradation. Mud and dirt or othelr objectionable .material 
should not be tracked onto the· stockpi1 e by these machines. 
Vibrati.on from a bulldozer can cause 'the fine particles in the 
coarse stockpile to filter down int~ a layer that later is 
pushed to.the feeder. The result will be an imbalance of the 
feed. This may be minimized by varying the path of the feeder. 
Also·, continuous abrasive action by particles being moved about 
can cause degradation in some types of aggregates. 

I 
If the stockpile level above the t4.nne·l is maintained by a 
dragHne or clamshell, the operator m~st be careful not to pick 
up material from the ·Same positiqn in the stockpile in 
successive withdrawals. 

Likewise when a front-end loader is ~sed, the operator should 
hot pi ck up materi a 1 from the same poilnt in the stockpile. The 
operator also should not pick up material from the stockpile at 
ground level. The scoop should be held high enough above the 
ground to prevent contamination. If trucks are used to charge 
the. bin; they should deposit their )oads directly above the 
feeder. When the stockpile is repleniished by overhead belts or 
elevating ·conveyors, the flow of mater1ials should be controlled 
by baffles within the bin. · 
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Fourteen Maior Parts 

1. Cold brns 
2. Cold feed gate 

· 3. Cold elevator 
4._ Dryer 
5. · Dust collector 
6. Exhaust stack · 
7. Hot·etevotor 
8. Screening unit 

9. 
10. 
11. 
12. 
13. 
14. 

Hot bins 
Weigh box · 
Mixing unit ~- or pugmill 
Mineral Aller st9rage 
Hot asphalt· cement storage 
Asphof t weigh bucket 

Major Batch Plant Components. (Modern Plants Also Include a Baghouse 
in Addition to the Dust Collector Shown in Number 5 Above~) 

®Automatic 
Weighing 

. @.Cofd Feed C 

0Cotd Feed Bins 

Basic Drum Mix Plant Components 

® 
Hot-MJx Convey 

Figure 6. Batch Plant and Drum Mix Plant C9mponents 
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2. Feeders and Dryers 

Aggregate feeder uni ts should be located beneath the storage 
bins, or stockpiles, or in positions that ensure a uni form fl ow 
of agg reg,te. . · 

Feeder units have controls that can be ;set to produce a unifcrm 
flow .of aggregate to the cold elevator. There are sevenl 
different types of feeds: continuous, vibratory, and aprnn 
flow. 

Generally, belt feeders· are best for accurate metering of fine 
aggregates~ Coarse aggregates usually flow satf sfactorily with 
a.ny of these feeders. For a unifonn outp·ut from the aspha !t 
plant, cold feed input must be accurately measured. The cc id 
aggregate feeder gates must be calibr·ated. Manufacturers 1r ay' 
furnish ·approximate calibrations for gate openings of their 
equipment, but the only accurate way to. set the gates is to 
prepar~ calibration. charts u,sing the aggregates employed tn the 
mix. Refer to Figure 7 for a typicail calibration chart for 
cold feed bins. The importance .of feeding the exact amounts df 
each size aggregate into the dryer at !the correct rate of fhw 
cannot be over emphasized. 
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.The dryer is a basic uni.t of an asphalt hot-:-~i; pl.ant ejther as 
a separate unit in a batch plant ··or integral . ~ith the 
continuous dryer drum plants._. _It is a necessa.ry part o"f the 
hot-mix operation for it dries and heats aggregate~ coming from 
the cold ·feed supply making them ·-suitable for mixing wit, 
asphalt. To avoid or miti,gate unburned fuel- oil cont~mination 
of the aspha.l t mixture, the use· of propane, butane,.· natura 1 gas, · 
coal, or No. 1 or No. 2 fuel oils is recommended.· ·. 

'Most dryers are designed to handle aggregate moisture· f::Ontents · 
in the. range of 4% to 8%. Very_ we·t .. aggreg~tes reduce dryer 
capac:ity and require adjustments to be made with regard 'to 
either of the following: · · 

The amount of heat can be increased by burning more fuel 
while the flow of aggregate remains constant, or 

The flow of aggregate can be reduced. 

There is a· limit to the increase in heat that· is possible 
without. increasing exhaust. draft capacity. Beyond· that limit 
the draft must be increased or the rate of a~gregate flow must 
be reduced. In very humid areas, or when aggregates arf~ 
exceptionally wet,_ the contractol' _ may operate two dryers in 

_tandem or run the ag_gregate th~ough the s_ame dryer twice. • 

Most problems in dryer operations are: caused· by crowding more 
material through th~;dryet than it can properly handle. _There 
are other .. factors that .affect_ efficient: operation .. · . Severa 1 
factors involve the burner. If an oil bu·rner is used, it is 
important that the.•_ proper grade of fue.l oi 1 be used. The oil 
must be properly atomized by the blower.· 

The velocity of the draft air, which combine~ with the atomized 
fuel oil for combustion, must be in balance with the blower air 
~nd the amount of fuel oi 1 being fed i'nto the burner. If the 
blower air,. draft air~ and flow of.fuel oil are not in balanced 
adjustment, it may. cause incomplete combustion of ·the fuel, 
leaving an oily coating on the aggregate particles that may 
affect the mixture. Black smoke from the exhaust stack 
indicates that the oil is not being completely burned. 

Drying ,is the most.expen~ive operation in mix production. It 
is also the most frequently encountered bottleneck in the plant 
operations ... The_ best dryer is. one_. that_ meets a desired 
production level at the lowest investment and operati.ng cost. 
Improper drying in either batch or drum plants generally leads 

.to poor coating of the aggregate and future . $tri_ppi ng or 
raveling problems with -the finished mat. · 

In genera 1 , the.re, are three types of dust co 11 ~ctors: Cyclone 
collectors, fabric filter co 11 ectors·, and wet scrubbers. Two 
or more of these devices may be included in a dust collection 
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system, which then contains a primary collector and one or more 
final, or secondary, collectors. 

The dust collector is generally located adjacent to the dryer, 
and is necessary for efficient plant operation. The collector 
eliminates· or abates the dust nuisance that might result from 
exhaust air from the dryer. Modern dust-co 11 ectfon systems are 
highly efficient. Provisions are usually made in the dust. 
collector to return the collected dust back to the hot 
aggregate as it emerges from the dryer and is ·pi eked up by the 
hot elevator. if the collected dust is unsuitable for use in 
the asphalt mixture, it may be removed from the collector and 
wasted. 

3. Aggregate Scales 

The aggregate weigh hopper, enclosed by a dust shield, is 
suspended from a scale beam in .such a way as · to assure free 
movement. The lever system, knife edges, and bearings should 
be checked for. cleanliness and to be sure that no moving part 
is binding against any other part. The dial needle should be 

· free-swinging and register zero at no load. · 

The. weigh hopper scales should be checked with ten 25 kg or 
50-lb, weights. With the screens running, 250 kg or 500 lbs of 
weights are attached to the weigh hopper and . the exact dial 
reading recorded. The weights are rem9ved and exactly 250 kg 
or 500 lbs .of aggregate are deposited in the weigh hopper. 
Check weights are again added, and the procedure repeated until 
the batch load is reached. 

At each 250 kg or 500-lb increment, :a test for sensitivity 
should be made by placing a 2.5 kg or $-lb weight on the sca1e 
and checking for dial movement. Shotllld the scales fafl :o 
confonn to specification requirements,: either in accuracy or 
sensitivity, plant production. should pot be permitted until 

· necessary adjustments or replacements '.have been made. If in 
doubt the area engineer should discuss !such a scale chec_k with 
the project or di strict engineer. 1 

4. Asphalt Scales 

The asphalt scale is calibrated in nearly the same manner as 
the agg-regate scale, but only one weighing operation is 

·required. · Standard weights are p 1 aced on or attached to thE! 
asphalt bucket; readings are recorded ~s each weight is added. 
This is continued until the combined weight is slightly in 
excess of the pounds of asphalt cement required per ~atch of 
paving mixture. Asphalt scales, if in! true adju·stment, should 
indicate the same value as the total 'of the standard weights 
used. If the weigh scale's error exce,ds the margin permitted 
by specifications, plant operations should not be started until 
the ~c41es are adjusted or repaired 1 by a qualified scalo 
techn1c1an. · 
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The. tare weight of the. ·empty asphalt bucket s~ould be watch.ed 
carefully to ·see: that the bucket is drained comp 1 ete ly .·. and . to 
compensate for any asphalt and dust . clinging to it. . The 

· asphalt bucket should be tared at the begi n'ni ng of each day and 
checked after the first few loads are discharged. Qui.te often, 
asphalt accumu1 ates on the sides and bottom of the bucket and 
solidifies overnight. This affects: the tare weight and reduces 
the weight of a·s·phJlt actually . incorporated in the mix. li'ave 
you ever looked into the bucket? 

For an accurate zero · :reading, .·. asphalt scales should not be 
check.ed until heating oil or steam is in the jack~t around the 
asphalt bucket and the mixer. 

5. ·· Asphalt Meters 

-Asphalt meters are -volume displacement pumps,. and when· used 
they should be checked for accuracy. Since asphalt content . i $ · 
usually expressed as a percent by weight, a c·orrelati on between 
meter readings and weight should: be e.stabl i,she.d. 

A simple method :to determine ttie correlation is to read the 
meter, pump a quantity of asphalt into a tared container, and 
then read the meter again. The weight of . asphalt divided by 
~he difference in: meter readings determines the weight of 
asphalt pumped per division. · · 

The viscosity and Unit weight of the asphalt vary with a ·change 
in temperature. When the temperature is increased the 
viscosity decreases. The unit weight decreases about· 1 perce 1nt 
for an increase in temperature of 150c (280F). Pumping, 
efficiency may be affected by a change Jn temperature, and it 
lllay be de-,sirable to calibrate the pump over a range of asphalt 
temperatures. Volumes and vi scosi ti es can be determined 1 ater 
for calibration a1nd plotti!19 purpos·es ff necessary. 

Some. asphalt .~ters have built-in. temperature-compensating 
devices ·that correct the flow of as.phalt when temperature 
changes occur. When a meter ·without a temperature-compensating 
device is .used, it is necessary to. adjust the deJivery setting 
for each change in asphalt temperature. · 

· ·s. Hot Bins 

Accurate proporti oni-ng ::of co 1 d feed aggregates is extremely 
important. Except ,fo-r· ., whatever degradation may occur in 
handling, drying, scree:nin".g~ or- the fines that are p"icked up by 
the exhaust system, aggr,eg:at;e in hot bins· is the same as in t 11e 
cold feed. · 

Ori ed aggregates are generally transported from. the dryer by a 
hot elevator and depos i ~ed. onto . a unit which _.contains screens, 
storage bins, and "aggregat:e· proportioning· device.s (Fig. 8). · 
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Screens are used to separate the ~ggregate into fractions of 
specified siz~ and ·deposit ·each into a separate bin. · An 
imbalance in the hot h1ns under the screens signals a need for 
correctivr, oction ,q~,ewher·,. -:- usually in the cold aggrr,qate 
feed. 

Screen sizes selected are usually based on . separating .· the 
aggregate into equal percentages of material by weight. The 
smallest practical size, however is a 3.35 mn (No. 6) screen. 
To separate aggregate into specified sieve sizes used in 
testing, screen cloths having slightly larger openings are us~d. 

Hot bins are used to temporarily store heated . and screen~d 
aggregate in the various size ·fractions required. Each· bin 
should be- large enough to prevent depletion of the material 
when the mixer is operating at full capacity. Each bin should 
have an overflow pipe to prevent aggregate from backing up fnto 
the other bins. · The overfl()w flow pipe also prevents 
overfilling to th_e point where the. vibra~ing screen will ride 
on the aggregate. Should this happen it would result in a 
heavy carryover and probable damage to the! screens. Many times 
these overflow pipes are closed by cold asphalt or even welded 
&hut. · ' 

Material is withdrawn from the hot bi!ns in predetermined 
proportions and at a specified rate. If the level of aggregate 
in hot storage has little variation durinlg plant operation, a 

.. .t>alanced flow of· aggregate is being achieve!d • 

• .. . : . •. '■ • 

Figure 8. Segregation of Materials in the Hot Bins 
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7. Collected Dust 
- . ' . . 

If the material gathered in the dust collector is suitable for 
recombining with the aggregates in the,mfx, some or.all of it may 
be returned to the plant. Make sure the mix design accounts for 
the volume of dust being returned to the mix. 

A conti nuous.l y turning worm screw. at the bottom of the dust 
collector removes the dust and fines that have settled in the 
collector· chamber and deposits them at the bottom of the hot 
elevat0r where the ag,gregate emerge~ fr_om the- dryer. 

8. Min·e,a.J Filler 

High-type asphalt plants often have separate feeding systems for­
introducing mineral filler into the mix. The mineral filler is 
normally deposi·ted in a speci a 1 ground-mounted feeder and 
transported witb a screw· conveyor, to a dust-tight elevator where 
it is in tur·n dep,osited in a surge hopper. From here it is added 

. to the aggrergate as it is drawn from the hot bins for mixing. 

i 9 ;.. Chargi:ng the Pugmi 11 

· Unless the pla1nt is e:quipped to discharge, all bins. simultaneously, 
aggregate should be drawn from the hot bins into the weigh hop.per, . 
beginning with the larg·est size aggregate and progressing down to 
the finest size. The mineral filler is added last. · 

This permits some mixing of the aggre.gate as it discharges into 
the mixer~· The amount from each bin is weighed cumulatively on 
the scales. The operator carefully marks the scale reading for 
each size aggregate to be weighed. The asphalt ts weighed 
separ.ate ly and should be introduced and, distributed uniformly and 
quickly i~to the mixer. Otherwise, a non-uniformmixture could 
be produced ... 

Asphalt cut-off valves sholJld be checked for positive action. 
They shpuld close .. tightly so that: no :asphalt drips after the· 
desired amount has been introduced or discharged from the weigh 
bucket. 

Asphalt is introduced into the pugmill after the aggregate has 
been deposited from the weigh hopper. Wet mixing time begins when 
the asphalt is added. 

10. The Mixer 

· All mixer parts.must be in good mechanical condition and in proper 
adjustment. Paddle.faces can be set in a vari.ety of Combinations. 
The manufacturer's operation manual gives details on the correct 
settings of the paddle faces. 
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Clearance between the paddle ~ips and liner is,governed by the 
maximum size aggregate and, normally, is l~ss than half the 
maxi mum aggregate diameter. Dead spot;s may develop if the 
paddles haie worn~onsiderably or are br6ken •nd have not been 
readjusted or replaced. 

Non-uniform mixing maY occur if the mixer is overfilled. At 
maximum riperating efficiency, the paddle tips should be barely 
visible in the material at the top of their periphery during· 
mixing. Material above this level tends to floit above the 
paddles and is not mixed. :on the ·other hand, an insufficient 
batch will not be mixed properly because there is not enough 
material to carry around in the paddle paths. Both conditions 
can be minimized if-the manufacturer's pugmill ·batch rating 
recommendation -is followed. · Normally, · this is based· on 
percentage of the capacity of the pugmill's "live zone. 11 When 
was the mixer last inspected? (See Figures 9, 10, and 11 on 
page 37.) · 

11. · Mtxing Time 

Total mixing time begins when all combined mineral aggregates 
and asphalt are placed in the mixer; ~ixing time ends with the 
opening of the discharge gate. Dry mixing is not recommended, 
therefore·the total mixing time will be wet mixing time.· 

The asphalt _ f i 1 m is hardened by exposure to air and heat. 
Therefore, mixing time should' be the 1 shortest time needed to 
obtain a uniform distribution of aggregate sizes and asphalt 
throughout the mix. · 

Mixing ti-e may be established for a ~•rticular mix in a plant 
by the procedure in AASHTO T 195, (ASWM D 2489). This method 
bases the degree of mixing on th♦ percentage of coarse 
particles that are completely coated with asphalt. The method 
is correlated with mixing time. 

The test involves separating coarse •ggregate particl•s from 
the mix, on a se 1 ected sieve size. Abput 200 to 300 part i c 1 es 
should be examined under strong light~ Any speck of uncoated 
aggregate particle visible to the naked eye classifies that 
particle as uncoated. Usually, 90 1 and 95 percent coated 
particles are minimums for· base and surface· course mixes, 
respectively. The least time needed fdr the pugmill to achieve 
these minimums is the most desirable $}ixing time. · 

F. Drum Mixers . , 

· Many of the comments and cautions di scu~sed earlier with 
plant operattons are also ap~licable to dtum mfxer plants. 
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Figure 9. Overfilled Pugmill 

· Figure 10. Underfilled Pugmill. 
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Simply stated, drum-mixing J~aprocess in which, hot asphalt 
mixtures are prdduc~d in a pJ,ant;.wi then.rt the hot aggregate screens, 
hot bins, and ptigffli11 mixef. _ The basit plant consists of a cold 
feed system, a rota·t;ing drum mixer with modified flights, an asphalt 
proportioning and dtspens i ng. system, and a· surge bin. The drum mixer 
plant has also been called a "dryer drumn plant. 

1. Plant Control System · 

Controls at the operator's console permit plant operation from a 
central location. A typical console includes plant motor 
controls, automatic blending system controls, digital displays, 
asphalt volume counters, and burner temperature controls. 
Recently, compute-rs have been adapted to drum mixer pl ants. They 
enable programming at the plant site for changes in the control 
system, and require minimal training for the operator to run the 
pl ant. · 

Additionally, the following controls and equipment are required 
for this type of p 1 ant to ensure a quality product that meets 
specifications in all respects: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

Separate cold feed· controls, for each aggregate size, 

Cold feed flow sensors, 

Interlocking of aggregate cold feedj and asphalt and mineral 
filler when used, 

Sensors to determine the moisture ontent of aggregate, as 
well as a moisture compensation · to make adjustments in 
proportions of materials if-necessary, 

Means fot sampling all material components while the plant is 
in full production, 

Automatic burner controls, 

Primary dust collector that can feed !back collected material, 
and , 

h. Sensors to measure temperature ojF the hot mixture at 
discharge. 

2. Proportioning Aggregates 

Aggregate gradation contro 1 is achi ev~d- in the crushing and 
stockpiling operation~, •.. Accurately contr'!olled feeders proportion 
the aggregate as it',,leaves the cold b:ins. Belt scales that 
continuously weigh and monitor . the clomb i ned aggregates are 
interlocked with a mftering asphalt pumri to:maintain a constant 
aggregate-to-asphal:~;. J'a,tio. Asphalt i'ls added either at the 
aggregate entry point:,or at variable lofations within the drum. 
The drying.and blending.of, _the aggregat~, and the mixing of the 
asphalt and aggregate takes pl ace in t~e drum. The burner is 
located at the upper, or aggregate-entrylend of the drum. This 

• . I 
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means th.at there is a para l1 el fl ow -of burner · gases a 1d 
aspha1t-aggregate,mixture toward the •discharge<end 1of the drum. 
Some drum mixer plant vari·ations include c.ounterflow Of burner 
gases and midpoint aggregate entry~ ·.'Other variations in drum 
mixer ·plants are discussed in Subject L, Hot-Mix Recycling of the 
Asphalt Institute 1 s ES-1. · · · · . 

. 3. Weighing Aggregate 

4. 

As the a·ggregate is fed into· the drum by the conveyor· bel t:t it 
passes ·over the weigh bridge. This is a belt idler, or supporting 
ro 1 let, mounted on a stale. As the aggr~gate· passe~ over the 
idler its weight is sensed, and tr.ansmitted as a visual display 
on the control console. The speed of the cqnveyor. belt is also 
ta'ken into consideration, so that the visual display indicates 
weight of aggregate per hour. This value is the basis of the 
asphalt-aggregate blending system. 

Asphalt Metel'ing and Delivery 

A system providing accurate, continuQus, proportioning of asphalt 
to aggregate is required for the successful operation of a drum 
mixer plant. . The aspha 1 t metering and deli very system must be 
interlocked with the aggregate sy$tem to ensure a ccmstant ratio 
of asphalt to aggregate. 

· . 5. Correction· fer Moisture 

The weight .of agg,regate per hour going into the drum fs the basis 
of the total mix formulation .. Since the weight of the aggregate 
includes moisture, the weight.of the moisture must be subtracted 
to arrive :at the true aggregate feed rate. The actual moisture 
content is periodically determined by.moisture.extraction tests 
or moist~re probe~. 

6. Continuity of Operations 

One of the essentials for a consistent and high-quality, hot-mix 
asphalt is a continuous plant and paving operation. Quality of 
the mix, workmanship, or both, suffer when eithe·r the plant 
operation or actual. paving is intermittent. Should the paving 
.operation be unavoidably interrupted for some reason other than 
plant production, the plant operation will have to be interrupted 
unless some othe,r provision is made. 
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With the advent of placing thick-lift asphalt paving courses up 
to 150 mm (6 in.) thick or more in one operation, the asphalt 
p 1 ant is often taxed to its ·1 imit to prov.tdeL:an adequate fl ow of 
materfals to the paver .. In some cases·, the .. plant is· urriable to 
produce the mix .at the required rate to keep the paver continua 11 y 
supplied. Paving speeds must be adjusted to -balance plant output 
unless Qther provisions are made. 

7. Storage of'. Hot-Mix Asphalt 

Many modern hot-mix asphalt p 1 ants are equipped with surge or 
storage bins. A surge bin is connected to the plant by a 
conveying system, and is intended to hold mix for relatively short 
time periods. Generally, it is not insulated because holding time 
is expected to be only two or three hours. A storage bin is 
similar to a surge bin except that it is insulated because it·is 
intended for longer storage periods. · 

The most popular shape of surge or storage bins is cylindrical 
with a conical section at the bottom. A variety of conveying 
systems are in use; be 1 t conveyors, bucket e 1 evators, skip hoists, 
screw conveyors, and slat conveyors .. Studies indicate that the 
bins can be charged without segregation bran appreciable drop in 
temperature. , 

Surge systems offer several benefits because stop-and-go operation 
of the p·lant is minimized. Variability in mix composition and 
temperature associated with start up an~ stopping is reduced by 
more continuous plant operation~ Also the emission of extra air 
pollutants each time· the plant st~rts up is minimized. 
Productivity is increased by running cointinuously during normal 
working hours and not just when trucks ar1e available for loading. 

We have spent but a few minutes discussinig a critical phase of the 
hot-mix operation. Many engineers, tEtchnicians and operators 
spend their who 1 e career on studying, 1 refining, operating and 
producing the hot-mixed bituminous material that is used on 90% 
of the Nation's roadway surface. ' 

For purposes of field inspection we have covered the plant site 
and critical operations which if not prqperly controlled lead to 
mix problems and delays which can re~ult in reduced service 
ability and durability. The followin~ table produced by the 
Asphalt Institute provides a quick reference for cause and effect 
problems, normally found at the hot-mix p1ant. Also, refer to the 
Technical Advisory (T 5040.,27, Mar. 10, 1988) on Asphalt Concrete 
Mix Design and Field Control for a mo9el checklist on asphalt 
plant inspection. , 
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Table X,. Possible Causes of Mix D_eticiencies in Hot Plant-Mix Paving Mi~tures 
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A - applies to batch, continuous and drum mix plants. 
8 - applies to batch plants. 
C - applies to continuous and drum mix plants. 
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IV. HAULING AND LAYDOWN 

After the bituminous mix is produced at tne plant there are a number 
of. factors involved in the transport and laydown of the mix which the 
fie 1 d engineer must realize are cri ti ca 1 to · the workmanship and 
performance of the finished mat. · 

The fie 1 d engineer should be most concerned with the concept .of 
llbalanced operations.11 The production of the plant must be consistent 
with the le~gth of the haul, the number of haul trucks, the laydown 
capability of the paver, and the compaction rate of the rollers on the 
job~ From a standpoint of eventual product appearance, rideability, 
and ultimate performance, optimum hauling and laydown procedures must 
be adhered to continuously. 

A. Haul Trucks 

The field engineer w•i 11 probably not spend a great deal of time 
on haul truck inspection, but a brief review of vehicle condition, 
equipment, and operator procedures can be most productive. Haul 
'trucks should be clearly identified (numbered) and. checked for 
safe operating condition and back-up war_ning devices for the 
safety of personnel at both the plant and the laydown site. The 
truck should be clean, with a full co~ple~ent of operating lights, 
good tires and suspension, and special attention should be given 
to assuring.no leaks or broken seals are noted. Oil, grease, and 
hydraulic fluid can cause severe damage to the· pavement. Good 
brakes ~re critical to the paving operation to assure the desired 
smooth-quality ride of the finished product and safe operations. 

L Condi.tion/Cleanl iness 

The haul vehicles need to be completely cleaned before use in 
hauling bituminous mix to avoid contamination. Hardened mix 
should be removed from the corners of the bed. This should 
be routinely checked.when haul trucks raise their beds, and 

· is particularly important when .mix is being paid for on a 
tonnage· bas is. 

The field engineer should ~lways check to see that only 
approved release agents are being used and that they are used 
as sparingly as possible to prevent damage to the mix. 

2. Loading Sequence 

An of.ten overlooked factor which can contribute to segregation 
problems is the proper loading sequence. The field engineer 
should note that the haul truck is centered unger the 
discharge. The first batch loaded should touch the front wall 
of the truck bed ... The second batch should be made near the 
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rear of the truck and the final drop should be in the center 
of the truck~ Off-center 'or ori'e~,position loading; is a common 
occurrence. , Not following standard loading practices can 
cause segregation problems, and should be discouraged. 

3. Weight Restricti.ons 

The maximum a 11 owab le Q'ross load is shown on the truck 
registration and should be spot-checked to prevent 
overloads... Recent reviews have noted.widespread prob 1 ems 
with o\ferweight vehicles on construction projects and while 
hauling fromp1ants to projects. 

Haul trucks generally are required to have tarps. Tarps 
should be checked for adequacy and to insure they are being 
used when required. Heat retention provided by tarps is 
particularly important in cold weather, on long hauls, or 
when rain threatens. 

4. Safe Operations 

At the paving site, several haul truck-related items need 
to be reviewed. ·For safe operation of the truck, make sure 
that any. traffic control plan restrictions are · being 
observed by the drivers and that there are no conflicts 
with, utiHty lines. If this is not checked ahead of the 

· paving operation, a driver cou 1 d cause property damage and 
possibly in'cur personal injury if the truck is snagged by 
a· raised ··bed. 

Again, back-up warning devices must be working properly and 
this should be a prime concern of the field engineer 
because it is often overlooked by the contra'ctor~ 

When the haul truck backs up to a paver it should always 
stop severa 1 inches short and 1 et the paver engage the 
trucL, This should always be reviewed by the field 
engineer as truck drivers often bump the paver causing 
ri deabfl i ty problems. This may happen 50-100 ·times per day 
de·pendi ng on the speed of the paving, opera ti on. Also when 
the truck backs up the rear wheels should contact the ~aver 
roller bar squarely to prevent it from•jerking,anrl causing 
waves in the surface. 

The field engineer can mitigate segregation tn another way 
by making sure the truck driver first raises the bed before 
opening. the gate high enough to get a .large slug of 
material into the paver when the gate is opened. 

5.: Truck T,ypes/Integration with Pavers 

Constant contact of the truck with the paver is critical 
to prevent spi 11 s and bumps which . lead to surface 
irregularities. This is simple on a level surface but the 
field engineer needs 
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B. 

to keep a close eye on this factor on grades. Truck hitches which 
tie the paver to the truck's rear axle or t_hrough a roller to the 
rear wheels is an excellent mechanism now being used more 
frequently to solve this problem. 

The field engineer should make ·sure beds are lowered as soon as 
they are empty.· If the dump body is up, sooner or 1 ater an 
overhead line will be snagged. 

End-dump trucks must be inspected to ensure they are compatible 
with the paver. The rear of the bedi has to extend far enough 
beyond the rear wheels to discharge mixi into the hopper to prevent 
spills in front of the paver. At the· ~ame time, the bed must be 
sized so as to fit in the hopper with out pressing -down on the 
paver resulting in workmanship rideabi~ity problems. 

I 

The. previous di s·cussi on dea 1 t with a 1 ~ types of trucks with an 
emphasis on end-dumps. Many portion~ of the country are more 
familiar with bottom-dump, haul t~ucks which have other 
considerations to be noted. 

Bottom-dump vehicles have differing m~thods for controlling the 
gate openings. The field engineer should check to see that a 
unform windrow is being placed. If the windrow is too small, 
additional material can be added to keep the paver from starving. 
Likewise gaps can be left in the windr~w if it contains too much 
material. A prime concern of the field engineer is ensuring the 
windrow length is controlled, particuldrly in cool or threat~ning 
weather. In-cold w_ eather the windrow sl'.ould usually be restricted 
to a single truckload at a time. 

Laydown/Pavers 
• j 

-1 -~ Components 

The laydown of the bituminous mix ,is the culmination of all 
the efforts expended in speci fi catilon preparation, mix design 
materials control, and mix prepara~ion. If the mix placement 
is done improperly, the preceding ~fforts can go for naught. 

' ' 

In order to get optimum results on la project, it is extremely 
important for everyone who has a ~esponsibility for placing 
the hot mix (and inspecting its placement), to have a good 
understijnding of the principles! behind the design and 
operation of the paver. , 

I 

Pavers have remained essentially u~changed for some 50 years. 
The basic components are the traqtor and the screed. The 
tractor supplies the power needs of the paver. It moves the 
paver, and receives and delivers the mix to the screed. 
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Augers on the tractor keep .a uniform distribution of mix in 
front of the screed. The screed is towed by the tractor and 
consists of screed plates, screed vibrators (or tamper bars), 
thickness, and crown controls, and screed heaters. 

2. Forces Acting on Screed 

The forces acting ~pon the screed are discussed in detail in 
the ·accompanying fi ·1 m which comp 1 ements the Barber-Gre.ene 
publication, "Principles of the Asphalt Finbher. 11 Basically, 
a 11 pave rs op.er ate on tne same pri nci p 1 e - as the screed is 
pulled out into the mix, it seeks the level at which all 

· forces acting on it are in balance. A screed's ac:.tion can be 
compared to a water skier with.skis tipped up just enough to 
support the sliers weight. Refer to figure 12. 

SCREED 
PlATE 

V 

----~--LEVELING ARM 

P. PULL 

W WEIGHT OF SCREED. UNIT 

H HORIZONTAL RESISTANCE ON 
SCREED J>LA TE 

V VERTICAL RESISTANCE ON 
SCREED PlA TE 

HINGE 
PIN 

p 

Figure 12. Forces Acting on the Screed During Paving Operation 

The scieed not only strikes off. the mix at the proper 
elevation to give the correct mat thickness but it also 
provides initial compaction of some 80 percent of the mat 
density. The field engineer should be concerned if initial 
compaction does not meet or exceed this general figure becatise 
final compaction will likely be difficult to achieve. 
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The field engineer must also be aware of the function of proper 
crown adjustment in the screed. The leading edge of the screed 
should always have more crown than the trailing edge - this can 
be checked with a stringl fne and tape .. but too much crown on 
the lead edge will produce an open mat along the edges. 
Conversely, too little leading edge crown will cause an open 
,texture in the center of the pull. 

3. Paver Condition Check 

The field engineer should check to see that the paver is in 
clean operating condition before each day's operation, 
particularly the screed. The screed assembly is equipped with 
a heater which serves to prevent sticking and marking of the 
mat. Use of the heater should be watched by the field 
engineer. Normally, the heater is only used at the beginning 
of the day or to compensate for heat loss between 1 oads in coo 1 
weather. If it must be run conti nuous:ly, the burner should be 
1 ow to prevent warping of the screed. : The burner should not. be 
used to compensate for 1 ow mix temperatures. This is a problem 
that needs to be addressed at the pl ant. 

4. .Paver Speed Uniformity 

There are a number of items which the field engineer must 
review in the 1 aydown operation but perhaps the most important 
is the uniform speed of the paver and avoidance of starts and 
stops. Each time the paver has to sto~, the screed wil 1 sett1 e 

, 1n the mat. When movement is continuad after a prolonged stop 
the paver will ride up over the coole~ material forward of the 
screed. This depressing and then [thickening of the mat 
transl ates 'to poor: pavement ri deabi l itY, and can be avoided 
with efforts to match the paver speed Wiith the plant output. 

5. Laydown 

During laydown, the field engineer ishould watch for other 
practices which can contribute to a pdor product. Auger speed 
and resultant mix delivery to the ~creed is critical. Too 
little material ahead of the screed !reduces mat density and 
causes the screed to settle. Too muc~ mix gives the opposite 
result - increasing mat density and a c!limbing screed. 

! 

A final important reason for the field/ engineer to be concern~d 
with constant speed on the paver is ~he fact that mat density 
is related to paver speed. Slow paver speed allows the paver 
to impart more densi fication to the )llat causing the paver to 
rise. Aga 1 n, the opposite result occ~rs with higher speeds -
the mat density decreases and the screejd drops. 
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If the auger is t:orrectl y loaqed (mix about the midpoint of 
the auger) and the speed of the paver is ,kept constant, the 
operation has a very good chance of produc,i ng a smooth surface. 
The field engineer should closely observe.th~ personnel on the 
paver I s, mat thickness control. This is per~aps the most abused 
feature of the modern paver, particuhrly if more than one 
person is al]owed to operate it. It should be unders,tood that 
constant manipulati6n of this .control will re•ult in an 
unacceptable product. This is because many contractor 
employees are not aware of the longitudinal length 'it fakes for 
the screed to obtain the thickness _called for by the thickness 
control. Then, a 11 chase 11 for a higher or lower thickness can 
occur. 

6. Joint Construction 

Suitability of the transverse and longitudinal hot mix joints 
are the final major factor which .the field engineer should 
review in the laydown operation. Cold longitudinal joints 
should be eliminated where possible because they often crack· 
open ·a:nowi ng water penetration with its resultant prob 1 ems. 
This cracking ,is caused by the lack of confinement and reduced 
density in the first pull. The reduced density lead$ to higher 
voids and higher ·pe·rmeability. 

Longitudinal joints have traditfonally been built with vertical 
slopes but a new technique is emerging which has been promoted 
by the increased amount of resurfacing under traffic. This 
technique is to lay the initial pull joint with a 4 to 1 side 
slope, compact this area with a rubber tire roller and then 
make· subsequent pulls. This allows more consistent density 
across the joint. In either case the field engineer should 
note that overlap should not exceed 2 inches and that the 
unrolled mat should be some one-fourth thicker than the rolled 
mat to provide for consolidation. 

The fi.eld engineer may see either a 11 crowded 11 or a 11 trimmed 11 

longitudinal joint. In the crowded joint, the excess mix on 
the rolled mat is pushed back into uniform ridge so that the 
roller can depress it into the hot side of the joint. The 
field engineer should understand that excess material is not 
to be spread across the surface of the unrolled mat. When a 
trimmed joint is used, the excess material over the rolled mat 
is w.asted or carried back to the hopper. If ·this technique is 
used, the field engineer must ensure that the l ongi tudina l 
joint is compacted first. 

Transverse joints for work interruption are constructed in two 
ways. The fie 1 d engineer needs to be aware of both because of 
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their· importance to_ pavement rideabil i ty and performance. The 
first method is by buHcheadi ng where the hopper is fed down and 
the paver travels across a transverse piece of lumber the size 
of the compacted mat. The remainder of the hopper is feathered 
out in a ramp. The ramp and 1 umber is removed when the 
operation is restarted. Perhaps a more commonly used joint 
method is where the paver paves over building paper which fonns 
the joint. The paper and tapered mix above ft is easily 
removed when start-up occurs. 

Again transverse joints are critical problem areas for 
roughness. The field engineer should note that - these joints 
are · checked for surface tolerance compliance both before and 
after compaction. Deficiencies should be corrected immediately 
and the pavf ng operation should not continue until corrections 
are made. 

A fi na 1 note to cons i de r on 1 aydown is that the paver of today 
and its ancillary equipment is designed to be less operator 
dependent than i'n the past. . Equipment pperators are generally 
less experienced and -1 abor is certainly more expensive so their 
use is being minimized. The training of field engineering and 
State project field inspection personnel and the proper 
exercise of oversight is increasingly 1tportant in assuring an 
acceptable laydown operation. 

1 

I 

I 
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Figure 13. Constructing and Preparing Longitudinal Joints 
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Figure l..t. Constructing and Preparing Transverse Joints 
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.V. COMPACTION 

A. Purpose 

Optimum pavement performance can only be achieved by forcing the 
aggregate particles into close contact and holding these particles 
in position with the asphalt binder. The compaction process 
serves to give the mix stability, co~esion, and imperm·eability. 

Stability is the ability of the pavement to resist displacement 
when acted on by traffic loads. Cohesion and adhesion work to 
ho 1 d the mix together resisting tensile stresses achieved by 
effective compaction that binds the particles together. 
Impermeability is the resistance of the pavement to the intrusion 
of air and water and is achieved by preventing the connection of 
voids in the mix through proper compaction and through pr6perly · 
designed mixes . 

. The field engineer should recognize that the primary reason.for 
compacting the mix is to make it reasonably watertight and 
reasonab 1 y impermeab 1 e to air. Most dense-graded mixes with 
coarse aggregates are reasonably watertight/impermeable if the. 
voids are in the· 6-8 percent range. This will also allow for 
future consolidation under traffic and not result iri rutting due 
to over consolidatton. When voids are approximately 3 percent or 
less the field engineer can expect flushing, rutting, and shoving 
because the load is being t~ansmitted through the A.C~ and hot the 
aggregates. 

Compaction involves the compressive fqrce of the roller, the 
support of the underlying surface, and ~he forces within the mix 
resisting the roller force. \ 

1. Compaction Equipment I 

These are basic types: 

a. Static steel-wheeled rollers can vary considerably in 
size. A standard recommended minimum size for highway 
construction is 10 tons. Steel!wheel rollers (tandems) 
are generally recommended for breakdown and finish 
rolling. The field engineer should occasional_ly check 
these rollers for wear with a sharp metal straightedge. 
Scrapers, wetting pads, and spriinkl ers should be checked 
for proper operation. 1 

b. The use of a pneumatic roller in the compaction process 
is strongly encouraged. Pneumatic rollers provide a 
kneading action on the mat not achieved by the other 
rollers and can be used on a variety of mixtures (harsh 
to tender) by varying the ti re pressures. This 
fl exi bil i ty in contact pressures makes the pneumatic-ti red 
roller popular, but the field erigineer 
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should also be aware .that such equipment can do a poor job 
if tire pressure ·and wheel loads are not properly 
monitored. · 

For assured results, the tire pressure and load must be 
tailored to the particular mix·· and the support of the. 
surface on which the mi~ rests. The.field engineer should 
note the specified pressure :on the tires and ensure that 
inflation pressure among all the tfres is uniform. Again, 

. the wetting mats· and sp.rinkler system should be checked 
for proper operation. · 

c. Vibratory rollers can potentially compact thicker lifts 
to higher densities. with fewer passes than the combine.d 
tota 1 of st~e 1-whee 1 ed a,nd: pneumatic-ti-red passes but they 
are also capable of. decompacting mixes, providing 
inconsistent· densification, and. causing rideability 
problems. The. e.ffectiveness of this roller iscontrolled 
by the frequ~ncy of vibrations, (2,000 to 3,000 
cycles/minute, minimum 10 impacts per 1 ine.ar foot, is 
usually needed to prevent rippl fog in the . pcivement 
surface) the ampl i_tude of the roller, (use·· the range 
recommended · by the manufacturer) and r.o 11 e.r speed. The 
slower the speed the sma 1,1 er the impact spacing and the 
smoother the surf ace. Most modern vibratory ro 11 ers 

·automatically shut Qff when they are not rolling but the 
field engineer should assure this is happening. The field 
engineer should also not~ whether the vibration ceases 
before the ro 11 er reverses direction and starts after 
trave 1 in the new direction begins. If this does not 
happen inden~ations in the surface can result. 

2. Rollers 

A 11 types of ro 11 ers have ce·rta in requirements in common,: 

a. speed should never exceed 3 mph to prevent shoving, 
b. must comply with established roller patterns to give 

proper and consistent densification, 
c. no stopping and turning on the fresh mat to prevent 

indentations, tears, and shoves, . 
d. use of proper watering systems to prevent pick-up. 

3. Sequence of .Operation 

The sequence of operation is broken down into three phases: 

a. Breakdown - where vi.rtually all of the density. is 
achieved, 

~- Intermediate Roll1ng ~ where some ad~itional density 
is gained, 
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c. Finish Rolling - which may impart slight densification but 
is primarily used to finish the surface ,and take out 
previous roller marks. 

The field engineer should check to see that all three 
stages are completed before the mix drops below 175° F. 
Little or no compaction is achieved below this 
temperature. 

4. Stages of Rolling 

a. Breakdown Ro 11 i ng is usua 11 y . accomp 1 i shed with 

b. 

c. 

stee 1-whee 1 ed ro 11 ers. Static or vibratory tandem rollers 
· are often recommended, but occasionally pneumatic-tired 

rollers with large diameter wheels are used. The field 
engineer should understand the importance of starting the 
ro 11 er operation on the low side of the spread and 
progressing toward the high side. This is because the hot 

. mix tends to migrate toward the low side of the spread 
when ro 11 ed. 

The same procedures should be followed when more than one 
lane is placed, but the longitudinal joint should be 
rolled.first. The field engineer should ensure that the 
drive wheel of the roller is facing the direction of 
paving, especially during breakdown because more vertical 
load is applied to the mat by this whee.l. The tiller 
wheel tends to push the material away rather than tuck it 
under as the drive wheel does. On steep, superelevated 

. or steep grade sections, there ma.}11 be a need to roll with 
the tiller-wheel forward but this 1 is not common. 

Intermediate Rolling - should follow breakdown rolling as 
closely as possible so that maxi~um densification .can be 
achieved. Vibratory tandem and pneumatic-tired rollers 
are usually the choice for this operation. Pneumatic-. 
tired ~rollers do not usually give a noticeable increase 
in density over that achieved by static steel-wheeled 
rollers, but they do reduce thei amount of distortion 
caused! by heavy traffic. Vibratoty tandem rollers, when 
properhy used, can provide high stabi l lty through particle· 
orientation.· Static steel-wheeled tandem rollers 
someti~es are used for intermediate rolling. Regardless 
of the! roller type the field engimeer should assure that 
the roJler pattern is developed inl the same manner as for 
the br,eakdown ro 11 i ng and that the pattern is f o 11 owed 
until the required density is ach1eved. 

Finish Rolling - is done almo~
1

t solely for surface 
improv~ment and is usually accomplished with tandem static 
steel-tJheeled rollers or vibrat ry tandems with the 
vibratidn disengaged. The field ~ngineer should ensure 

I 
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that the mat is still hot~nough for the removal of roller 
marks during finish rolling. 

B. · Conditions and Factors 

The field e~gineer must- be aware of the important factors 
i nfl uenci ng the m'.i x. compactabi 1 i ty.. Special attention is ca l1 ed 
to {ES-9) publication from.the The Asphalt Institute entitled, 
"Factors Affecting_ Compaction." This contains an excellent 
dlscusslon· of materials properties, course thickness, mix 
temperatures, we·ather conditions, compaction forces, and rolling 
patterns. Another g.ood reference. is NAPA' s Superintendent's 
Manual on Compaction. 

C. Materials Properties 

Aggregates influence compactability through interlock and particle 
friction .. The rougher or more angular particles produce harsher 
mixes but they generally are more stable when densified. 
Aggregate soundness is _important so that particles are .not crushed -
during compaction. Aggregate gradation is important with 
excessive coarse aggregate causing harsh mixes. Over-sanded mixes 
tend to be too tender. Correct aggregate filler amounts affect 
mii cohesion - too little can cause mix to be coarse and hard to 
compact while too much can cause·a brittle mix. 

·Asphalt content and viscosity are key factors in compaction. Too 
little asphalt makes a_dry, harsh mix which has a tendency to 
ravel. Too much asphalt produces an unstable, plastic mix under 
the roll er. The mix is easy to compact, but the result is an 
unstable pavement. High viscosity asphalt in a normal mix usually 
makes compaction more difficult for these asph~lts. Higher mix 
temperatures may be necessary. Conversely, low viscosity asphalt 
allows for easier compaction but can lead to tenderness problems 
after the mix is compacted. · 

D. Course Thickness 

Simply put, thicker ·lifts hold more heat than thin lifts and allow 
more time for compaction. Temperatures are sometimes increased 
on thin lifts and decreased on thick l ifts to provide more 
compaction time and increased· vis~osity, respectively. 

E. Mix Temperatures 

· The field engineer should recognize that mix temperature is the 
single most important factor affecting compaction. Compactiori can 
only occur while the asphalt is fluid enough to· serve· as a 
lubricant for the aggregate. Mix temperature therefo~e must be 
tied to the viscosity of the asphalt. Higher mix temperatures and 
heavier rollers can as~ist in the compaction of harsh mixes.· 
However, caution must be exercised not to overheat asphalt mixes 
as this can cause premature oxidation and hardening which shortens 
durability of the mix. The lowest optimum mix temperature that 
can be compacted to the required density is desirable for reduced 
aging and energy consumption. 
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F. Weather Cond1t1ons 

Ambient temperatures, base temperatures, and wind conditions 
greatly affect compaction. The mix obviously cools faster in 
lower air temperatures, but wind can act on a mix like the 
wind-chill factor does on a person. The stronger the wind, the 
faster the mix cools and this can become a factor in the formation 
of a crust on the surf ace of the mix which can contribute to 
heat-checking under the compaction of steel-wheeled rollers. The 
center of the mat can be much hotter and more fluid. than the top 
of mat.· The stiff surface can then slip with cracks opening to 
the 3/8 inch to 1/2 inch depth in the crust. Heat checking can 
be cured by 8-10 cove~ages of pneumatic tired rollers. 

Base temperatures a 1 so affect the ro 11 i ng of the mix and the 
construction time available for compaction. The field engineer 
is encouraged to review cessation charts which show -the expected 
rolling time available versus mat thickness and base temperature~ 

G. Compaction Forces 

The mixture has to be confined in order for densi fi cation to take 
place. Con.fining pressure within the mix generally comes from 
friction between the aggregate particles and the viscosity of the 
asphalt. Confinement and support are al so provided by the surf ace 
on which the mat is p 1 aced. The subgrade must be firm or 
confinement ~f the bottom of the mix cannot be achieved. 

For steel-wheeled rollers the overlap of the wheel only needs to 
be wide enough to confine the mix that is thrust · up in the 
previous pass. This distance is usually no more th.an 6 inches. 

H. Rolling Pattern 

A rolling pattern that will provide uniform coverage of the-mat 
has to be established and should b~ reviewed by the field 
engineer. It consists of the location of the first pass, the 
sequence of succeeding passes, and the overlapping between passes. 

Genera 1 roll er patterns for various mat thicknesses should be 
understood by the field engineer and can be found in "Aspha·lt 
Paving Manual 11 (MS-8) 1 The Asphalt Institute. In each case, thick 
or thin lift transverse joints are· r:olled, tnen longitudinal 
joints, then breakdown rolling beginning at or near the low side 
of the mat. Roller overlap generally i$ no more than 6 inches as 
previously noted. ' 

I. Control Strip 

How does the field engineer know the number of passes required to 
give the desired density? Control stri~s are the answer and they 

54 



are strongly recommended /or use on medium and high traffic volume 
highway projects. Control strips are used to establish a rolling 
pattern for the t_ype · an,d number of rol 1 ers to be used on ·a project 
for a par'tkular mix-. Control strips help establi ~h the most. simple 
and ec.onomita1· ronfng.p~tterr, that __ provfdes the required density, 
meets: the surface tolerance requirements,:: ·· and meets production 
reQui rements. ' · · · 

peterminations from the control strip should include: approximate 
temperature of · toe mix arriving on the· project; approximate 
compaction time, roller ·v;b·ration, ai11p1itud_e, and speed; number of 
roller passes for; optimum compaction in the static and vibratory 
modes; proper 1 ap to match the pavemenf width; and the approximate 
rolling zone. DYNAPAC's ·Procedures for Rollfng a Test Strip is an 
excellent reference. 

A nuclear gauge is normally used to determine the optimum rolling 
pattern, however, cores are also taken to assure there is a positive 
tie to the theoretical maximum density. When density problems 
develop another control strip should be run. Appropriate changes 
may · include added rollers; higher mix temperature to increase 
available rolling time; slower rolling speeds and changes in 
frequency and/or ampitude to increase compaction. 

The field engineer should remember one important axi.om concerning 
compaction~ A good density specification is one that assures. a 6 to 
8 percent void range in the compacted pavement. Any mix, regardless 
of compaction during construction, will continue to densify by 
consolidation and particle reorientation during the first three 
summers. The field engineer should be extremely concerned when 
testing ·indicates rolling has produced less than 3 percent air 
voids. The field engineer should suspect too much A.C. or filler in 
the mix or an error in testing. If there are no testing errors and 
the density was achieved in 1 or 2 passes the pavement can be 
expected to rut and/or f1 ush in the future. Redesign of the mix is 
imperative. 

J. Density Tests 

Density specifications vary from State to State. Some of the common 
means of specifying roadway density are: percent of maximum 
theoretical density; percent of field 1 aboratory density; percent of 

· test strip density; and specified roller passes or roller time. the 
final method is generally unacceptable because it does not relate to 
actual in-place densities. The other· methods are generally 
satisfactory provided they are correlated to maximum theoretical 
dens 1 ty in order. to determine the true void content of the mat. 
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The field engineer should be familiar with the· field and 
laboratory tests for density determinati.on of the finished 
pavement_ . Reference is made to ASTM Method of Test D-2950 1 
Densit · · · ous Concrete in Place .b SHTO 
T 166 · and . ecific 
Gravit xtures. 

Nuclear gauges must be calibrated regularly with standard 
calibration blocks provided by the manufacturer. Pavement cores 
should be routinely pulled to correlate With nuclear readings .. · 
Nuclear gauges must a 1 so have compensations for underlying surf ace 
densities when new mats are less than about 2 inches thick. 
However, there are now nuclear guages for thin lifts. 
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, VI • WORKMANSHIP; AND PROJECT ACCEPTANCE · 

A. The Final Judgment 

For the most part, this workshop has discussed the lldo 1 s 11 and 
. 

11 don't' s, 11 the· bad- practices to '·'watch oo.t for, 11 
· and the ways to 

11 trouble:-shoot 11 construction problems. 

All the training and alt .. the background and experience must be 
bo i led down into . a II judgment· cal h u The i nsp-ecti ng F e,dera 1 
engineer must make 1a decision on each and_ every Federal-aid· 

:-pt10Je.ct. It must be decided iJ the overall workman.ship and 
quality control of the contractor or.· SHA has produced t~e, highway 
product specified and that the project will provide the safe, 
durable function for which it was desig·ned. 

At final inspection, the acceptance of the project should be based 
on observations of three areas: 

1. conformance to specification and design criteria~ 
2. skid and -safety factors, and 
3. appearance and rideability. 

B. Conformance 

It fs difficult at times to determine reasonable conformance to 
specifications and design criteria~ ·rr previous· inspections. of 
the project have been ·made, they should be revi'ewed. Al so, week 1 y 
reports, diaries, and proj~ct ·test results can indicate 
constrµct ion prob 1 em areas. Number and type of construction 
change orders tend to highlight areas where either the design, the 
specifications, or the normal construction process cannot be 
achieved. It is important that the change order, major or minor, 
does not mod Hy the intended purpose or basic scope of the project 
nor mitigate the· overall performance_ and product acceptance 
without proper justification and approval. 

That is not to say that we must build what is designed; we must 
build itas designed and specified, or follow the accepted process 
to modify both. 

C. Safety Factors 

A primary objective of any Federal-aid project 3R, 4R,. or new­
construction is one of safety to· the traveling public. No project 
should be constructed ( or· accepted) with unsatisfactory· safety 
factors .. Proper consideration· must' be given to geometri'cs and 
alignment and to current safe desfgn standard·s and practices 

·~uring project development. If during ·construction, design 
oversights were found, they should be· corrected whenever 
practical. 
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If items are substandard but are found not to be cost,-effective to 
correct, that decision shou1 d be properly supported and documented. 

D. Appearance and Rfdeab11fty 

The traveling public judges each project on appearance and 
rideability. These two factors alone many times will cause a SHA :o 
do more work on a recently accepted project. Final project 
appearance and rideabil1ty reflect on the degree of construction 
quality control. The area engineer should use his judgment wht?n· 
accepting a poor-riding project. Even if the SHA does· not have 
end-product rideability specifications, emphasis on workmanship and 

-control-of-work should produce a better project next time. 
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VII. REVIEW OF PROJECT DOCUMENTATION 

A. Pur.p.ose 

The primary purpose of revi ew.i ng project fi 1 es is to verify that 
the SHA is exercising and documenting quality and quantity contro 1 
to provide a basis for project acceptance and to support 
subsequent reimbursement of project costs with Federal-aid funds. 
A secondary purpose is to ensure that the SHA is ·; nspect i ng the 
contractor I s faci1 i ti es, .equipment, and · ope.rations to assure · 
specification compliance and subsequent product acceptability. 

8. Pre-Operation Checks and Materials Approvals 

A number of materials approval procedures and quality checks are 
prerequisite to flexible pavement construction. Checks of these 
items should be included in the area engineer I s review of the 
project doqnnentation for quality and quantity controL Examples 
of such records are materials s(!)urce acceptance, the submission 
of samples of job mix materia:ls for mix design, mix design 
calculations, certificates of materials such as additives which 
may be accepted for use prior to or in lieu of SHA testing, 
sampling and testing schedules, prequalification of personnel and 
equipment, and ins.pectorst reports ;of checks on the plant, paving 
machines, and other equipment. 

C. Project Quality Control 

Evidence of pr.oj ect qua 1 i ty control may be obtained from a variety 
Of sources including project diaries, inspection reports, 
materials certificates, test reports, summary books, field books, 
control chart~, and notes on project plans. These records should 
be reviewed to verify: · 

0 

0 

0 

that the SHA is adequately controlling the project through its 
inspection and testing activities, 
that the contractor is successful 1 y performing qua 1 ity contra 1 
activities in accordance with the terms of the contract, 
that materials incorporated in the completed work comply with 
requirements of the plans and specifications. 

D. Materials Acceptance.Teeting 

In addition to checking materials records for. compliance with 
specificatio-ns, the area engineer should seek assurance that the 
required frequency and di stri but ion of acceptance samp 1 i ng and 
testing is accomplished. The field engineer should also check to 
see what prpcedureS the State fo 1 lows to assure that samp 1 i ng wil 1 
be done when and where. needed. Techniques fpr the selection of 
random Samples should also be reviewed to ensure unbiased sampling 
and testing. 
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Similar procedures for the selecting and obtaining of independent 
assurance samples is of concern. Scheduling may be critical where 
sampling personnel must travel a considerable distance to service 
a number of projects. 

Where in-pl ace samples such as test cores are taken, the area 
engineer should determine if an effort is made to corre 1 ate 
locations with the location of sa~ples taken prior to laydown. 

Timeliness in obtaining test results is important since production 
adjustments or corrective actions may have to be made on the basis 
of test findings. The re 1 ati onshi p between Job contro 1 and 
acceptance testing, and procedures for resolving differences 
between the different test results should be clearly understood. 
Allowable tolerances between tests and criteria for initiating 
corrective action should be reviewed~ 

It is important that project personnel understand the purpose and 
use of independent assurance samples and tests. They should not 
be substituted for acceptance samples and tests-unless it can be 
cl early demonstrated that an acceptance test is invalid due to 
some unforeseen condition such as equipment breakdown or 
malfunction. The area engineer should check what procedures are 
used for comparing the . results of acceptance and independent 
assurance tests, who makes the comparison, what deviations between 
test results are permitted, and what follow-up actio·ns are taken. 

The area engineer should review the testing, monitoring tools, anc 
techniques used by the contractor and SHA to control and evaluatE 
the production processes. Control charts, microcomputer control 
and analysis, and quality levels analyses can be of considerable 
value. The FHWA engineer should make an independent analysis to 
spotcheck ana 1 ys is test procedures a_nd supp 1 ement materi a 1 s test 
ana 1 ys is conducted on the project. The reporting of qua 1 i ty 
levels may be required by the FHWAregion or division offices. 

Testing of unusual material, or requesting random testing when a 
process or procedure is in question, is encouraged. The area 
engineer has the responsibility to ensurei that the highest quality 
product within reason (judgment) is being produced. 

E. Pay Quantities 

The area ·engineer should review the SHA procedures used on the 
project for measuring, checking, and recording pay quantities. 
Occasional spot checks should be made to verify that field notes 
are transferred to summary books, which.in turn are transferred 
to progres~ estimate forms. Identification of nonspecification 
mater i a 1 s · shou 1 d a 1 so be inc 1 uded in thei spot check procedure to 
verify that payment is not made for thislmaterial. 
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F. Critical Items 

While occasional checks should be made on a wide variety of items, 
the area engineer's review of project quality documentation should 
1 argely be directed toward those features and characteristics ·which 
are the most critical to the quality of the ·finished product. 
Gradation checks shou1 d concentrate on ff nes and critical control 

. sieves. Asphalt content and voids are of continuous concern. 

Density is the most important item. where control needs to be 
demonstrated during the constructf on operation. If density is a 
problem, increased attention should be given to c·heckfng such items· 
as temperature, gradation, mix design, etc., which contribute to 

· density. Stability is extremely important during design but will 
probably not vary much during construction. There is no substitute 
for the area engineer's good judgment in determining how inspection 
time should be spent. 
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Name: Office_: ________ _ 

Course Date: 

CONSTRUCTION INSPECTION TECHNIQUES FOR 
FLEXIBLE PAVEMENT coNSTROcTtoN 

------

1. · Li st the principal problems in your State relating to the 
performance of flexible pavements. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h .. 
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Name: Office_: _______ _ 

Course Date: 

CONST~UCTION INSPECTION TECHNIQUES FOR 
FLEXIBLE PAVEMENT CONSTROcttoA 

Continued · 

2. Identify the most likely root causefs) corresponding to each of 
these performance problems.· 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 





Name: Office_: ________ _ 

Course Date: 

CONSTRUCTION. INSPECTION TECHNIQUES FOR 
FLEXIBLE PAv£M£NT cOASTRUcftoN 

continued 

-------

3.· Identify what you are currently doing to affect or cause improvement. 
for each of theabove listed performance. problems. 

a. 

b. 

c. 

d. 

e • 

. f. 

g. 





Name: Office_: ________ _ 

Course Date: 

CONSTRUCTION INSPECTION TECHNIQUES FOR 
FLEXIBLE PAVEMENT coMsTROcftON 

continued 

4. Identify what the most important thing you could do to affect change 
or ·1mprovement with respect to the _previously listed perfonnance 
problems • 

. a. 

b •. 

c. 

d. 

e. 

f. 

g. 

h. 
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