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CONSTRUCTION INSPECTION TECHNIQUES 
FOR FLEXIBLE PAViEMENTS ' , % 

The material presented in this workshop is to be addressed as i f  the 
Federal Highway Administration (FHWA) field engineer i s  actually 
conducting an inspecti on of flexible pavement construction. It covers 
the necessary preparation, critical construction inspection points, 
potential problems, and the solutions to these problems. The workshop 
is bui 1 t on training materials and courses deal ing with the subject 
area of flexible pavements which have been,presented and/or are 
currently being conducted. 

.ir 

These materials and courses are entitled, "Asphalt Concrete Mix Design 
and Field Control " (TA 5040.27) and "Principles o f  Qua1 i ty Hot-Mix 

g Asphal t Pavement Constructi on, " the "Materi a1 s Course for Area 
Engi neers, I' and "Hot-Mix Bi tumi nous Pavi ng . " Frequent reference i s 
made to these and other basic sources of information throughout the 
workshop. Active participation, comment, and discussion of 
experiences and practices is strongly encouraged. 

The primary purpose of making detailed inspections o f  active 
. construction phases is to ensure that a quality product is being 
produced whi ch should perform according to design expectations and can 
be accepted for reimbursement wi th Federal -aid highway funds. Thi s 
assurance may be obtained by evaluating compliance with contract 
requirements and good construction practices. 

Since it is not feasible nor practical to review all aspects of every 
operati on personal 1 y, re1 i ance i s 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 FHUA engineer is 
expected to develop not only engineering assurances, but also 
professi onal working re1 ationships. 

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 able references for making a credi tab1 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 objectives. of this workshop are to 

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

discuss how these inspections should be conducted 

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

1 



The workshop i s  not intended t o  teach the specifics o f  bituminous mix 
design, b u t  rather the basics of hot-mix bf tuminous paving operations 
and that relationship t o  mix design. other training courses are 
available from National Highway Institute ( N H I  1, the Headquarters 

. program offices, or the paving industry. Attendance at  these courses i s  
encouraged where such a training need has been identified. 

Mast related training courses are arranged i n  the sequence of project 
design and devel opment, starting w i  t h  the composi ti on and 
characteri stics o f  the various mfx consti'tuents and work1 ng .through the 
mix design t o  constructlon operations. For this workshop, a more 
logical sequence i s  to consider the elements i n  the order i n  which they 
would be addressed i n  making a construction inspection o r  which they 
woul d be considered i n  solving construction paving problems. 

Since there i s  no ideal nor standardized s 'guence of activities t o  be 
followed in rnaklng a construction inspectf&, some variations i n  the 
inspection sequence from those used i n  this presentation w i  11 s t i l l  be 
expected. I I 

The normal parts of the active phase of a coti$truction inspection are 
I 

o discussions w i t h  project personnel 1 
I 

o inspection of plant and laydown operations 

o examination of the completed product oh parts 
I 
l 

o records review. ' 
I 

1 

observations made during each part of the idpection should be evaluated 
as t o  I 

o conformity to plans and specifications! I and product qua1 i ty  

o contractor's process 'control ' 
I 

o project control and acceptance procedures of SHA's 
I 

o needed improvements. I 
I 

- . Areas of concern need to be addressed i n  termk of 
I 

o the identification ~f problems I 
! 

I 

. o the tracing o f  causes I 
I 

o developing and providing scilutions 1 
o undesirable operations which should be pointed out even i f  

product acceptabi 1 i ty  i s  no t  presently I a problem. 
j I 

I 



Thorough knowl edge 01 the  p l  ans and appl i cab1 e speci f i c a t i  ons i s 
essent ia l  t o  conduc a meaningful and product ive inspect ion o f  
f l e x i b l e  pavement onstruct ion.  The inspect ing FHWA f i e 1  d 
engineer should be knowledgeable i n  the fo l l ow ing  deta i  1 s: 

1. Typical Section i f  the Pavement - This inc ludes the mat width, 
thickness, and dross-slope. Judgments can be made a t  t h i s  
p a i n t  as t o  the const ruc t i  b i  1 i t y  o f  the pavement, po ten t i a l  
1 aydown probl  eds, general construct ion sequences, and 
po ten t i a l  traffik hand1 Sng problems i f  the work i s  t o  be done 
under t r a f f i c .  ~ 

I. PRELMIWARY INSPECT1 

2. Plan Quantltler - Knawl edge o f  the spec i f i c  p l  an quan t i t i es  
a1 1 ows the i nspqc t i  ng engineer t o  make subsequent judgments 
o f  po ten t ia l  ov rruns. e 

Thor.ough preparat ion i s  
construct ion. Knowledge 

essent ia l  f o r  i ;spection o f  f 1 ex i  e pavement 
o f  the p i  ans; spec i f ica t ions,  cons t ruc t i  dn 

pract ices,  mater ia ls  cont ro l  procedures, mix design , and how these 
var ious elements f i t  ogether i s  fundamental t o  an e f f e c t i v e  
inspection. T h i s  knowl dge can and should be acquired, before the 
actual f i e l d  inspect ion o t h a t  key questions t o  ask dur ing i t can be 
formulated and valuable i e l d  t ime can be most e f f e c t i v e l y  u t i l  ized. i I n  addikion, i t i s  advanqageous t o  i d e n t i f y  and be aware o f  any areas 

a o f  known weaknesses i n  t ye  spec i f i ca t ions  and/or procedures o r  . i n  the 
general performance o f  f l e x i b l e  pavements i n  your Sta te  o r  area. Key 
f a c t s  and informat ion t establ  i s h  before the f i e l d  inspect ion are 

&4 addressed be1 ow by ca teg l r  y . 
A. Plans and Specificat~ons I 



Virginia, West Virginia, and Louisiana, and the trade 
association programs of the National Asphal t Paving 
Association (NAPA) and The Asphalt Institute (AI) are helpful 
in gaining a perspective on what these persons should know and 
be capable of doing. This knowledge 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 Qua1 i ty and Source Approval 7 The qual i ty criteria 
for source approval of the various materials (e .g . ,  the 
asphalt cement, the aggregates, fli l ler material, and 
additives) that go into flexible iavements' is usually 
determined before construction operati~ons start or prior to 
incorporation in the work. I 

1 

It is essential that the inspecting englneer be aware o f  these 
requirements and make sure these requirements have been met. 
Critical qual ity criteria for each of- these ingredients are 
as follows: I 

a. Asphalt Cement - (AASHTO M 20 AASHTD M 226) 
viscosity at 60°C (140°F) and 135OC (275OF), 
temperature susceptibility, viscosity/temperature 
relationship; specifically, the temperature ranges 
re1 ating to the viscosity range of 1,50-190 centi stokes and 
250-310 centistokes. 

b. Aggregates - - 

( 1 )  Fine Aggregates - (AASHTO M 9) plasticity index, 
soundness, particle size and s 

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

I 

c.  Filler Material - (AASHTO M 17) plaljticity index, mineral 
origin. I 

I 

d. Additives - heat stability, sourde, effect on asphalt 
cement and mix. I 

Reference i s  made to the "Aspha1 t ~o&rete Mlx Oeslgn and 
Fie1 d Control " (TA 5040.27) and Hot -v~x  B i  tuninous P a v i a  
Manual for more extensive treatment. 1 

6. Process Control Criter ia  - There are a umber of requirements 
and criteria incorporated in most SHA sp ci f i cations governi ng 
flexible pavement construction whi h are directed to 
controlling the construction process. These requirements 
normally take the form of seasonal ut-off dates, paving 
cessation limits, continuity of operati ns, sequence or method 
o f  construction, and more recently, certain 1 process control 
sampling and testing. [Reference: FP-85 and Florida's 
spec5fications.) The process control 4 r i  teria most critical 
from a construction inspection viewpo nt are delineated as 
follows: 

I 

4 

1 
1 

I 



a. Paving season cut-off dates and/or late season paving 
control s. The l atter i s preferred. I 

b. Paving cessation limits - These should include all 
principal factors that affect the time available far the 
compaction process t o  take place (e.g., m i x  laydown 
temperature, mat thickness, base temperature, wind 
velocity, viscosity o f  asphalt cement at mix laydown 
temperature, ambient air temperature, and reasonable t ime 
for compactive effort to be appl ied) . Reference: 
*Asphalt Concrete Mix Deslgn and Field ControlU 
5040.27 and WAR s Superi n t e n h t  ' s kmual on Capact i on. 

* 
c. Continuity of operations - This i s  normally imposed by 

subjective 1 anguage included in the specifications (e .  g . , 
spreading o f  the bituminous mixture shall be accornpl i shed 

U 

in a continuous uniform operation with minimal stopping 
and starting). This is very difficult for SHA's to 
enforce and requi res the contractor to balance h i  s ent i re 
paving units, paver speed, nuder and speed of rollers, 
mat thickness, and mat width being placed. This is an 
item that is best addressed at the preconstruction 
conference or prepaving conference by the SHA proj s c t  
engi neer and rei nforced duri ng the construct1 on operat i 3ns 
as requ i red. Reference: Dwapac Handbook enti t l  4, 
"EstSmati ng Bet Average Speeds if or Pavers and ' Roll ers . ' 

d ,  Contractor process control sampling and testing - These 
specification requi renents general ly deal with materi a1 s 
control and take the form of number o f  test per lot or 
quantity of production. Typical process control te:,ts 
frequently required include aggregate gradation t es ts ,  
asphalt content tests, mat density tests, and tests o f  
pavement smoothness and/or ride. Specifications may a1 sd 
require that this test information be presented and 
rnai ntained in control chart form. Reference: NAPR's PIPri 
97, "Qua1 i ty Control for Hat-Mix Plant and Paving 
Operations. " 

a 7. Materials Acceptance Requirements - These requirements are 
normally set forth in acceptance santpl ing plan format wherein 
specific number of tests per lot or quantity of material are 
specified, the point of sampling is delineated, and the 

9 

material 's properties and appropriate test procedure are 
specified. Whether the SHA uses a "method type" or an "endd 
result type" o f  specification will greatly influence what 
these requirements are and how they are infbrporated in tho 
specifications. Tables I and I1 depict in general what i s  
typically required for each o f  these types of specifications 
along with pertinent materials properties and test 
requi,rements. Fuf 1 know1 edge o f  these materi a1 s acceptance 
requirements is essential to an effectual inspection and 
provides a large portion of the basis for determining t he  . 

P acceptability of the project. 
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8. Workmanshl p Acceptance Requirements These requi rements are 
typically more subjective i n  nature than the materials 
requi renents and requf re the exerci se o f  engi neeri ng- judgment 
f n a different veln. These requirements deal w i t h  such things 
as Joint constructlon, smoothness, or rideabil i ty of the 
pavement, pavem~nt texture, and pavement spread or thickness. 

a. Joint  construction - Specification regui rements governing 
the construction and acceptabil i ty o f  both 1 ongi tudinal and 
transverse Joints i n  f l  exi ble pavements typical ly cover 
preparation of the joint, joint construction methods or 
procedures, where they may be utilized, and lastly some 

I sort of straightedge tolerance measure (e. g o ,  1 /8 inch i n  
10 feet). A general knowledge of  these requirements and 
subsequent checks on joint construction, smoothness, and 

a tightness during the field inspection will help assure a 
qua1 i ty end product. 

be Pavement smoothness and/or rideability - Several SHA's 
spec$ fication reoui rements governing pavement smoothness 
are set forth In tems of some tolerance to a straightedge, 
usually 1/8 inch to 3/16 inch i n  10 feet. From a practical 
perspective this requirement i s  usually only applied to 
joints or obvious humps and depressions. Other SHA's use 
an updated version of the straightedge i n .  the form of a . 

rol l ing  straightedge which allows a more quantitative 
assessment o f  the pavement smoothness. Acceptance cri teria . 

i for th is  measure i s  typically set  forth i n  terms of percent 
of pavement, measured longitudinally, that is w i t h i n  the - . 

tolerance 1 imit. More recently SHA's have begun to use 
prof ilo'graphs and ri demeters to deternine the acceptabi 1 i ty 
o f  the paveillent with  regard t o  ride and/or smoothness. 
Acceptance cri teria for these measures are general ly 
specif led i n  terms of inches per miles or some ride score. 

AASWTO Guf de - - Spec1 f lcations on Pavement 

c. Pavement thickness - Although project plans and pavement 
design procedures key on pavement thickness, the . 

I preponderance of SHA's do not specify pavement thickness as 
an acceptance criteria. The typical approach is t o  check 
the spread and the loose-1 i f t  thickness durfng laydown w i t h  

a occasional cores taken to insure that adequate finished 
pavement thickness is being obtained. A few SHA5s that pay 
for flexible pavement on a square yard basis do have 
pavement t h i  ckners acceptance requi rements . The acceptance 
cri teria is usually stated i n  tems of plan thickness and 
i s  detemined by coring o f  the mat. The crl'terla is either 
applied on an individual core basis or  the average o f  a 
specified number of core thickness measurements. In view 
of the cri t icali ty o f  pavement thickness to overall 
pavement performance, i t  i s  essential that the inspectt ng 

B engineer be fully cognizant o f  a l l  qua1 l ty control and 
I acceptance c r i t e r ~ a  pertaining t o  pavement thickness. 



d .  Pavement Texture - Acceptance criteria addressing pavement 
texture o f  flexible pavement is generally specified i r  
subjective terms w i t h  the bituminous mix design an(. 
aggregate type and gradation having the most significant 
influence on the resulting texture o f  the pavement. A feh 
SHA's have implemented specification requirements covering 
segregation which addresses both qualitative and . 

Col orado-DOH 

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

I 

2. Job-Mlx Evaluation Factors - In prepabing for an inspection of 
flexible pavement construction, ther6 are a number o f  factors 
that should be eval uated regarding the job-mix establ i shed for 
a project. The factors to evaluate are l isted as follows: 

1. Mix Design - F u l l  knowledge and understanding o f  the SHA's mix. 
design procedures i s  critical to the conduct o f  a thorough 
inspection o f  f 1 exi ble pavernent construction. The rnajo-ri ty of . 

SHABs use the Marshall Method of ' mix design wherein the 
parameters o f  stabi  1 i ty  , voids in thd mineral aggregate, voids 
i n  the mix, specific gravity o f  the M i x ,  and flow are used to 
establish the optimum asphalt content for a selected aggregate 
gradation. Ten SHA's use the Hveem Method o f  mix design. This 
m i x  design procedure keys on estimation o f  asphalt content, the 
stabilometer tests, density, voids analysis, and swell tests to 
select the optimum asphalt content 1 Reference: "Asphalt' 
Concrete Mix Design and Field Control '1 (TA 5040 -27) and The Hot- 
Mix Asphalt Paving Wanual give-: s p e f i f i c  detai ls of each of 
these mix design methods and discussel- the critical i ty o f  each 
parameter and their re1 ated effects o n  pavement performance. 
Tables I I I  and IV summarize the princiipal factors which should 

a. Aggregate gradation - A plot e aggregate gradat1 on 
raised to the 0 -45 power (e.g 
made. This will allow assessme i x  with regard to 
maximum dens1 ty attainable, min 
stability. 

The appl i cab1 e gradati on to1 e mjts should also be 
platted so as to give some nary assessment of 
potenti a1 problems w i t h  tende mix, compatibility, 
v o i d  content, and gradation c Reference: Hot-Mix 

b. Asphal t cement properti e evaluation of the 
asphalt cement to be frequent1 y pinpoint 
potential construction a ormance probJ ems. 
The key properties to ev ade of asphalt t o  

be taken into account in preparing f o r  an inspection o f  flexible 
pavement. Regardless of the method o f  mix  design used, SHA 
procedures should require that the miix design i s  made on the 
materials that are to be used on the  project. 





* These particular tables rot rpplidlr fo all rims; e.g. -Tabla I l i appropriate for ?surface cuumes and mnal 
th 1" to TjB" d m 1  tap size aggrqgsts, Wdp t6 the Asphalt lrrstitute 6-2, Hix M a n  

and TA 50QO.27, ahmblt Mx m i a n  and Field Corrtrol.lt 

Table 111. Bituminous M i x  Design Parameters - Marshall Method * 
TypI caf or Recommended 

- - - - - 
13 to 16% (Minimum) 

Compact4 on Bl  ows 

Table TV.  Bituminous M i x  Design Paramenters - HVEEM Methad * 

Stab4 1 ometer 



be used, t h e  sourceA o f  the asphalt c e r n t ,  the temperature/ 
v iscos i ty  curve f o r  the asphalt cement making special note o f  the 
mixing 1 aydown, and compactl on temperature ranges wi th  associated 
viscosi t ies.  The mixing temperature range speci f ied i n  the job-mi x 
should correspond t o  a v iscosi ty  o f  170 + 20 centistokes and the 
cut -of f  temperature f o r  compaction shoal d correspond t o  a maximum 
v i  scosi t y  o f  5000 cent i  stokes. The optimum compaction temperature 
range, however, . i s  t ha t  corresponding t o  a v iscosi ty  o f  280 + 30 
centistokes. See Figure 2 f o r  an example o f  t h i s  evaluation. 
Assessment o f  the slope o f  the temperature v iscos i ty  curve w i l l  
a1 so give some ind i  cation o f  the temperature suscepti b i  1 i t y  o f  the 

I 

mix.  This w i l l  a id  i n  dealing wi th  potent ial  compaction .problems a 
tha t  may develop during construction. See Figure 3 f o r  the e f fec t  
temperature suscepti b i  1 i t y  has on asphalt performance. 

4 

c. ~i tuminous mixture propert ies - I n  addit ion t o  the mix design . 

parameters previously del i neated f o r  the Marshal 1 and/or Hveem 
Methods, evaluation o f  the moisture suscept ib i l i t y  o f  the mixture 
i s  extremely important especial ly as it af fec ts  subsequent pave:nent 
performance. "Effect o f  Water on Compacted Bituminous M i  xtu res" 
(immersion compression tes t )  (AASHTO T 165) and "Resistance! o f  
Compacted B i  tuminous Mixture t o  Moisture INduced Damage" (AASHTO 
T 283) are current ly  the only s t r ipp ing t e s t  procedures which have 
been adopted by AASHTO. The AASHTO T 283, common1 y known as the 
Lottman Test, requires tha t  the t e s t  specimens be compacted so as 
t o  have an a i r  void content o f  7 f 1 percent, whi 1 e AASHTO T 165 
does not. This a i r  void content i s  what one would expect i n  tha  
mat a f te r  construction compaction. One o f  the most promising test  
procedures i s  t ha t  developed by Tunnicl i f f  and Root as reported i n  
the National Cooperative Highway Research Program (NCHRP) Report 
274*. See Table V f o r  a summary o f  moisture suscept ib i l i t y  tests. 
Reference: 'Mix Design Methods for Asphal t Concrete" (A1 MS-2) 
and Stripping o f  Asphalt Pavements: S t r k - o f  -themArt, TRB Report. 

- . - - ---- - -- 

Table V. Summary sf Bituminous Mixture Moisture Susceptibility Tests 

AASWTO T.182 

* Also the Tunni cl i ff and Root (NChRP 274 and TA 5040.27) ; 
it i s  similar t o  Lottman (AASHTO T 283), but has no freeze cycle. 

11 



The key point to keep in mind in evaluating the job-mix isthat 
the SHA has evaluated the mix as to its sensitivity to moisture 
damage and has taken this i n tb  account in the job-mix. 

The parameters oftvoids in the mineral aggregate, the voids in 
the mix, and the influence t h i s  method of specific gravity 
determination has on these parameters should be considered in 
the prel iminary eval uationr o f  the job-mix design. Ideal ly, 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 durability vs. percent air 
voi ds .- Reference:' * ~ o t - ~ i x  Bitminous pivfng - Manual " - 
pages 2-18 through 2-20 and "Asphalt Concrete Mix Design and 
Fiel d Control " (JA 5040.27). t s 

The'parameters of stability; f l o w ,  etc., that are inherent in 
the mix design method used should be jevaluated in terms of the 
class of highway pavement being con truclted and the type of 
traffic being served (e.g., light trfffic, medium traffic, or 
heavy traffic). Tables I I I  and IV should assist i n  evaluating 
these parameters and the specific jab mix establ i shed for the 
project to be i nspected. 1 

I 4 

The resulting jobjnix is normally :set forth with specific 
target val u'es establ i shed .for I i 

l 

a mixing temperature I 

a aggregate gradi ng I I 

l 

asphalt content + ' 

maximum theoretical density. 
I 

In view of the expected variirbil i ty associated with each of 
these parameters, it is also benefiqial to assess how normal 
construction variability i n  any one ipr combination of job-mix 
parameters will reflect on the mix design parameters of 
stability, flow, specific gravity, e,tc. For example, if the 
specifications allow a 1. 0.5 tolerance on asphalt cement 
content, a general assessment can be made as to the effect this 
degree of variabi l i ty will have on pavement density and/or void 
cantent of the pavement, stabi 1 ity of the mix, and flow for the ?rr 

Marshall Method of mix design. Similar assessments should also 
be made wiith regard to each job-mix parameter. , 

, 

3. Job-Mix Approval - Currently most S~A'S are assuming full 
responsi h i  1 i ty for the development and qpproval of each job- 
mix. This responsi bi l i ty normal lly rests with the SHA' s 
materials engineer. Under these condjtions and from a legal 
perspective the SHA becomes fully regponsible throughout the 
construction process to see that the conitractor adheres to the 

1 I 
I * (As ultimately attained under traffic; sab the Asphalt Institute's 

WS-2, Chapter PI)  







approved job-mix. From a pract ica l  perspective, the contractor 
and more s p e d f f c a l l y  h i s  indfvldual personnel have the real  
control  a f  the work. Constructfon v a r i a b i l i t y  introduced by 
the contractor through hfs crushtng operations, materials 
supply and hand1 1 ng, and construction operations, can 
frequently impact the job-mix that  i s  set up fo r  the project. 
With t h i s  i n  vfew, a c lear understanding o f  how job-mix changes 
are t o  be handled should be established i n  preparing f o r  the 
f i e l d  inspection. F ie ld  adjurmnts t o  the job-nix f o r  
whatever reason should be evaluated by the $HA person 
responsible for the mix deslgn and job-mix approval before - the 
adjustment i s  made. This of ten takes considerable time and can 

r 

greatly impact the contractor's operattons, however; i t  i s  a 
very essential step i n  assuring gaod f l e x i b l e  pavement 
performance. 

4 

nt Constmrc t f  on and Performance Probr1 ms 

A pre l  irninary review o f  pavement construction and per me p m b l a s  
w i l l  help d i rec t  where i t  i s  most productive to spend d inspection 
efforts.  Review o f  prevlous inspection reports, pro ject  mteri a1 s 
cer t i f icat ions.  pavement condf t i o n  surveys, and mat ntenance reports 
coupled w i  U1 personal know1 edge, observations, and d i  scussions w l  t h  
SHA ' s construction, mater-i a l  s , and inat n tenance personnel , as we1 l as 
other FHWA f i e l d  engineers w i l l  ass is t  i c l  establishing the key element 
t o  cover during the f i e l d  inspection. 

Tab1 es V I  through Y I I I  provtde excel 3 ent: guidance f o r  determining the 
roo t  constwct lon and lnaterial s causes o f  f l ex fb le  pavement 
deficiencfes. Preliminary revlews o f  these trouble shooting guides 
p r i o r  t o  the f i e l d  inspection i s  highly recotnmended. 

m 

N 







Table V I I I. Possible Causes of Imperfections in Finished Pavements. 



I I. BASE/GD;WADE PREPAMTI OM 

With today's highway construction program addressing a broader spectrum 
o f  ac t i v i t i es ,  new construction, resurfacing, restoratlon, 
rehabi l i tat ion, and wconstruction, spec fa1 e f f o r t s  and a t t e n t i o n  must 
be dtrected during Ule f i e l d  inspectlon of flexible pavements to the 
preparation, adequacy, and c o n d i t i o n  o f  the baselgrade on which the 
pavement i s  being constructed.  The critical elements and factors t o  
cover during the f i e l d  inspection vary with Ule type o f  construction. 

A. New ConslructOon 
1 In new construction the elements t o  cover durfng the f i e l d  inspection 

have 1 argel y been addressed under the Bale Course Constructf on 
Yorkshop, however, they are worthy o f  brlef re 

.( 

1; ~$cltnerr and Support - A check should be made on base 
thickness and support i n  conjunction wf  t h  the f i e l d  inspection 
o f  f l e x i b l e  pavelnent construction. mfs check should, as a 
minimum, Include review o f  the project contra1 and acceptance 
test resul ts f o r  thickness, density and s tab i l  i ty ,  and/or 
strength where applicable. A qualfty level analysis o f  these 
t e s t  results i s  suggested fo r  detemining conformity t o  
spec3fication and plan requirements. Along with  th is  check, 
visual observations should be made o f  the baselgrade t o  
determine i f  any obvious weak spots exist .  

nshfp - The grade, smoothness, and cross-section o f  the 
base/grade w i l l  greatly influence what i s  a t ta inab le  f o r  the . 

f l e x i b l e  pavement. The use o f  string l i n e s  and automated 
pavers has led t o  somewhat of a l a x i t y  i n  the workmanship being 
achieved f o r  bases. It i s  not always possible and i t  i s  
usually not economical t o  try and level up the grade or cross- 
section with hot-mix. For these reasons i t  i s  fmperatfve that  
the field inspect lon  include a check on adherence t o  cross 
sl ope to1 erances, grade, and smoothness regui rements specl f ied  
f o r  the base/grade. 

B. Resurfacing, Restoratton; Rehab1 1 l tatiosp and Reeonrlructlon 
yl 

Thorough f i e l  d inspection o f  projects i! nvol vf ng resurfaci  ng , 
restoratlon, rehabi l i tat ion, and reconstruction raquf re more engineering 

.a judgment and experience than projects i nvol v i  ng new construct$ on. 
Careful and ins igh t fu l  observations should be made during the field 
inspection t o  discern i f  there are any pavement distresses evident t ha t  
may be related t o  base or subgrade fa i lu re .  If these observations 
detect fatigue or a l l  igator cracking, jardgrnent must then be made as t o  
the adequacy o f  the rehab11 i t a t i o n  or reconstruction treatmnt. The 
following o f fe rs  guidance f o r  making these observations and judgments. 







A. Speelfcations and Control s 

Each o f  us i s  probably least famfliar wl th  t h i s  phase o f  the hot-mix 
construction process. We have talked earlier about the mix design 
and quality of aggregates and asphalts. The SHA/ Contractor 
operations i n aggregate hand1 f ng and stackpi 1 i ng, asphal t storage. 
aixtng (batch p l a n t  or dryer drum) and hot asphalt rnix storage 
contribute d i  receiy t o  the quality of  the finished product behind 
the paver. 

B 
I Specifications and controls are probably more generalized and least S 

1 

I specific i n  t h i s  phase pf operation than any other. The contract~r . 

1 established h i s  plant  operation and control t o  lnini~lfze h i s  effort 
i and handling o f  aggregates and asphalt t o  make the operation .; s i" 
X 

a I 
eff ic ient  as possible while still producing: the specified hot mix. 

X 

I 

I Standards, practices and workmanship may vary from State t o  State. 
contractor t o  contractor, and project t o  ptoject, depending on p l a n t  

! 
1 design and equipment variabil i ty .  material f availabi l Sty, contractor 
1 personnel , and SHA inspectors. 

During the inspection o f  a f lex ib le  padement project most major 
phases o f  work involve some revfew o f  qperations a t  the hat-mix 
plant .  Since plans and specifications dq not normally define the 
methods and equipment the contractor f s  t p  use, we should be aware 
of  'noma1 " standards o f  workmanship a d  acceptable practices by 
which t o  judge the p lan t  operations. ;By being aware o f  good 7 
practice; we will be able t o  deternine i f  4 poor mix  i s  being placed 
on the project. 

I Some States require tha t  hot-mix p l a n t  aperations be cer t i f ied  - 
1 

Plant  technlclans and operators as well a s ;  the equipment, scales and 
4 controls have t o  be tested and periodlca1)y cer t i f ied  by the State  
9 or other i ndependent agency. Contraator and SHA personnel 
j cer t i f ica t ion  programs usually are based on short courses, and 

examinations, and renewal o f  th fs  c e r t i f i c a t i o n  Ss requlred 
periodically. I f  i t  i s  a certified plantj:  the plant  and operators 

I 

will be requfred t o  have current certf f lcaqions.  
1 * 

I 
I 

1 Probably the most fascinating (yet leas roducti we 1 part of t i l e  
I 
I p l a n t  t o  inspect i s  the control shack. mate sf  wires running 

l n t o  that  generally "iir conditioned" a w i t h  the board o f  
s 

1 
i gauges, dial s and recorlli ng devices tel l  s little for the time we 

I 
have t o  spend on the Job. Key questions eview for this element 
are I 

f o 1s t h i s  a c e r t i f i e d  p l a n t ?  I f  s when was the p l a n t  last 
.! 
I certifted? 
I 1 

I 

4 
I I 



If so, the operator or technician should carry similar 
certi f i cation; does heishe? 

O When was the plant last calibrated and by whom? 

a Are there signs o f  control modifications or short cuts 
added by the contractor? 

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

+L In-depth review of the control and operation of a hot mix  
paving plant and its equipment is largely subjective. Training 
manual s and courses are avai 1 able from mnufacturers and the 

S industry alike. We will not try to explain the mechanical 
operation of an automated plant during th is  short workshop but 
certainly each field engineer i s  encouraged to participate in 
a plant certification review with the SHA materials engineer 
or certifying authority. (Additional discussion is given under 
Drum Mix Plants in section E.1.) 

The Asphalt Institute's Asphalt Plant Manual (MS-3) is one o f  
the best general guides tor FHWA area engineers in preparing 
for general field inspections o f  plant operations. Also see 
"Asphalt Mix DWgn and Field Controln (TA 5040.27). 

0. Aggregate 

1. Materials Source 

The key things to observe and evaluate while reviewing the 
materi a1 s phase o f  the operati on are 

a Removal of overburden clay, deleterious material, or other 
nonspecif ication material. 

Blending o f  material from pit or quarry to have desirable 
or uniform material for the crushing operation. 

BI 

Crushing and screening operations: 

-- scal pers/screens 
Q -- excess overf low/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? 



I 

I 
I These evaluations may require a 1 i t t le  closer look a t  the materials 
i 
I source, the crusher, o r  the hamdl ing of t h i s  phase o f  the operation. 
I Once raw mat 
I 
I 

I , 
I 

1 and screen1 es 

I bl ack recycl i ng has requ4 red addi tiona? materiels preyarati on and 
handling. Requirements are solnewhat unique to these types o f  
projects 

1 
Methods o f  stockpi 1 ing used on any operation should insure a rninimm 
of segregation. Sands, single-sized aggregates, and even crushed 
f i n e  aggregate can generally be handled and stbckpiled by almost any 
method with 1 1  ttle worry o f  segregation. !However, material o f  
varying size wi 11 most certain1 y segregate' during hand1 ing and 
stockpi 1 ing operations. Methods that 1 imik segregation should 
always be used so that aggregates can be effiqiently blended i n  the 
hot mix plant to meet the job-mix design. 

2. Crushing and Plixing Operatfans 
P 

I I Signs of segregation and improper materi,als hand1 i n g  should be 
4 
/j 

monitored during a review o f  the crushing and mixing operations. 
I 

Speci f ic  things . to 1 ook for are 
I 

E 

il 
1 Gradation and number of stockpi 1 es specified. Frequent1 y the 
j contractor will change the pit source br stockpile. A recheck 
I of the mix design i s  again necessary wpen this i s  done. 

, Location and construction of stockpile 
i 

1 
h 

- The s tockpi le  should be located on a stable, clean, 
4 drai  nab! e, wor k i  ng surf ace. 

1 I 
I r - There should be s u f f i c i e n t  distancle etween stockpiles to 

allow working area for receiving /an hand1 i ng aggregates 
1 
4 

without contamination o r  intermingling o f  mater ials.  
'I I 

j When stockpiles are constructed w l  th trucks 1 d amshell s, e tc . ,  each 
layer or thickness should be placed over the entire area before the 1 next layer i s  started. 

I 

2 
f 

I 

18 I 

F - Stockpiles should be constructed 
1 mechanfcal movement o f  each layer.. 
4 

t placed using conveyors with chutes, 
i minimize segregation. 
i 

w3 

in layers w i t h  limited 
Thick layers may be 

bitlkheads, and etc,  to 
0 



Some degradation occurs w i t h  a l l  handling. This is general ly 
not significant i f  care i s  taken when moving and working 
naterlal wf  t h  heavy equipment. I f  the stockpiled material 
cannot meet specified gradations it is highly unl ikely  the 
f ina l  hot-mlx can meet the job-mix fannula (JMF) either. 

C. Asphalt 

1 . Storage Hand1 4 ng and Safnpl f ng 

Asphalt storage and handling on the project  i s  c r i t i c a l  t o  the 
construction of the durable hot-mjx asphalt  pavement. Asphalt 

a storage capacl'ty a t  the project plant should be sufficient t o  
maintain a uniform operation while allowing f o r  delays i n  
shipments or time for test ing o f  indfvidual loads. Storage 

* tanks should be insulated and calfbrated so the amount o f  
asphalt material remaining i n  them a t  any tlme can be 
measured. These t a n k s  should also be egulpped wlth a 24-hour 
recordtng themmeter. 

Storage tanks, transfer l ines,  pumps and weight buckets should 
have heatlng coils  or jackets t o  maintain the asphalt a t  the  
required hol ding temperature (3250F maximum). Heating i s 
generally accompltshed by circulating hgt oil  or  steam thru 
coSls i n  the tank o r  i t  can be done using electric resistance 
col ls .  In no case should d i r ec t  heat ( f l m e )  be used. 

Sampling o f  stored h o t  asphal t  should be through a spigot o r  
sample valve i n  the tank discharge 1 ine between the pump and 
the return l ine  discharge. The valve lochtion mast be readily 
accessible and instal led i n  such a way t h a t  the valve can be 
flushed and samples can be drawn slowly and safely a t  any time. 

Protection from contamination o f  the h b t  stared asphalt  is 
crl'tfcal . Contamination may occur from residue of material 
previously stored i n  the  tank o r  the solvent used t o  clean the 
tank. Water contamination, a1 though not as serious, occurs 
from condensation from frequent heating and cooling or  from 
leaks i n  the steam h e a t  system. Contarblnation from hot o i l  

91 heating can be determined by a loss  o f  heating o i l .  
Contarni nation can resul t from introductioh of new shipments o f  
asphalt. An t f - s t r fp  additives can also change the 

4. characteristics of the asphal t cement. 

2; Blending Problears 
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It i s  extremely important t h a t  the SHA p ro j ec t  engineer and 
1 

"i contractor  be aware o f  t h i s  ending problem. FHWA 
s t rongly  advocates t h a t  each shilpment invo ice shows not  a 

on ly  the manufacturer's crude and grade but  a lso I includes the appropriate 
pe r ta in ing  t o  t h a t  1 in format ion provided 'B 

1 f i e l d  engineer can 
laydown charac te r i s t i cs  o f  t h a t  a4phalt  and the  subsequent 
"blended" asphal t  and can ef fect j  a re-check on the mix  
design and a change i n  t h e  JMF as necessary. I 

1 Add i t ives  introduced i n t o  the asdha~ t a t  the r e f i n e r y  o r  
{ the  storage tank a f f e c t  v i s cos i t y  and penetrat ion and have 
4 
4 

l i m i t e d  

j 
d 1 
t i 
i 

! 
I 
i 

d 1 
26 1 

5 
I 

j 



she1 f 1 i f e .  The numerous a n t i - s t r i p  chemical addi t i v e s  used t o  
reduce water s u s c e p t i b i l i t y  should be tes ted w i t h  the asphalt  
during the f i n a l  mix design. Extended heating and storage o f  
the asphalt  w i t h  such add i t i ves  can adversely a1 t e r  performance 
and d u r a b i l i t y  o f  the f i n i shed  product. 

The l a s t  po i n t  t o  check on with regard t o  storage o f  , hot  
asphal t  i s  the e f f ec t s  the method o f  storage has on ox idat ion 
o r  aging o f  the asphalt. This i s  best  determined through 
t es t i ng  when an apparent problem i s  evident. 

O 0. Summarl z i  ng the Hand1 ing; Storage, Crushing, and Stockpil i ng 
Operatl on of  Aggregate and Asphal t 

We have spent but a few minutes discussing the mater ia ls  handl ing, 4 

storage, c rush i  ng and stockpi 1 i ng operations w i t h  only major po i  ntc; 
having been made. However, there are  many other c r i t i c a l  point(;  
inherent  i n  each spec i f i c  operat ion which must be evaluated. There 
i s  no subs t i tu te  f o r  on-the-job experience. Again as area engineers 
you are encouraged t o  pa r t i c i pa te  i n  inspections-in-depth schedule f 
a t  both commercial p lan ts  or on the j ob  when conducted by FHWA o r  
SHA mater i  a1 s speci a1 i sts. 

Key features observed i n  t h i s  phase o f  operat ion: 

o Mater ia l  source, gravel p i t ,  o r  quarry should be f r ee  ar7 l 
clean o f  c l  ay and deleter ious mater ia l  s. , 

o Overburden should be thoroughly removed t o  provide f o r  
crushi  ng operations. 

o Materi  a1 s handl i ng , crushing , and stoc kp i  1 i ng should be 
neat and order ly .  + 

l 

o Watch f o r  screening operat ions which may be producin I 
I 

excessive waste o r  overflow. 

o Observe the un i fo rm i ty  and c lean l iness o f  aggregates on t h L  
feed be1 t. Are there  oversized, fo re ign mater ia l ,  c l  ays a 

or excessive dust and f ines? 

3 
o Does the handl i n g  and s tockp i l i ng  . cause segregation? 

o Is the  hot  asphal t  storage o f  s u f f i c i e n t  capaci ty and i s  i t  
proper ly  insu la ted and heated? 

o Where are asphalt  samples taken and i s  the SHA/contractc*,- 
aware o f  probl  ems w i  t h  contami n a t i  on? 
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Does the SHA proper ly sample asphalt  and agg,regates and i s  the 
informat ion used t o  ad jus t  the mix design when asphalt  sources 
or mater ia ls  proper t ies  change? 

E. Hot-Mix Plants (Batch) 

1. Stockp i le  t o  Cold Bin 

The basic p r i nc i p l es  o f  co ld  feed operat ions are s im i l a r  f o r  
most types o f  hot-mix p lants,  continubus, batch, o r  drum mixer. 

. Proper co ld  feed cal  i bra t ion  'and coqt ro l  i s  essent ia l  t o  the 
production o f  a qua1 i t y  hot-mix. ~ rdb lems  associated w i t h  the 
temperature and moisture cont ro l ,  segtegation, aggregate supply 
imbalance on screens, dryer, o r  i n  the  pugrni 11 o r  drum can 
normal l y  be traced back t o  the co ld  feed. 

B 

Plants should be equipped w i t h  a minihum o f  four  co ld  feed b ins  
w i t h  p o s i t i v e  separation. The co ld  f e e d  b ins  are charged hy 
mater ia l  produced and s tockp i led usihg conveyors o r  f r o n t  end 
loaders o r  both. Care needs t o  be exerc ised t o  balance t h e  
aggregate operat ion w i t h  the p l a n t  hemand. The b ins  should 
never be over loaded nor allowed t o  r i n  low. The same concerns 
w i t h  aggregate segregation and degrafat i  on dur ing stockpi 1 i ng 
operat ions e x i s t ,  i n  the co ld  feed deil ivery. 

I f  aggregate i s  stockpi  l e d  over a t u n j e l  and b e l t ,  special care 
should be taken when charging mater ia l  over the feeders. For 
example, b u l l  dozers used on stockpi  1 es/ may cause segregation and 
degradation. Mud and d i r t  o r  othejr object ionable materi  a1 
should no t  be tracked onto the stocikpi le by these machines. 
V ib ra t ion  from a bul ldozer can cause the f i n e  p a r t i c l e s  i n  the 
coarse s tockp i le  t o  f i l t e r  down i n t o  a laye r  t h a t  l a t e r  i s  
pushed t o  the feeder. The r e s u l t  w i l l  be an imbalance o f  the 
feed. This may be minimized by vary ing the path o f  the feeder. 
A1 so, continuous abrasive ac t ion by p a r t i c l e s  being moved about 
can cause degradation i n  some types o r  aggregates. 

I 

I f  the s t ockp i l e  leve l  above the td.nnel i s  maintained by a 
drag1 i n e  o r  c l  arnshell, the  operator myst be care fu l  not  t o  p i c k  
up mater ia l  from the same pos i t i qn  i n  the s tockp i le  i n  
successive withdrawal s. I 

Likewise when a front-end loader i s  used, the operator should 
not  p i c k  up mater ia l  from the same point i n  the stockpi le.  The 
operator a1 so should not  p i c k  up mater ia l  from the s tockp i le  a t  
ground l eve l .  The scoop should be he ld  h igh enough above the 
ground t o  prevent contamination. I f  $rucks are used t o  charge 
the bin, they should deposi t  t h e i r  Joads d i r e c t l y  above the 
feeder. When the s tockp i le  i s  repleniished by overhead be1 t s  or  
el  eva t i  ng xonveyors, the f 1 ow o f  mate$ial s shoul d be cont ro l  1 ed 
by b a f f l e s  w i t h i n  the b in .  



Figure 6. Batch Plant and Drum Mix Plant Components 



2. Feeders and Dryers 

Aggregate feeder un i ts  should be located beneath the storage 
bins or stockpi les,  o r  i n  pos i t i ons  t h a t  ensure a uni form flow 
o f  aggregate. 

Feeder u n i t s  have con t ro l s  t h a t  can be set  t o  produce a uni fcrm 
f low o f  aggregate t o  the co ld  e levator .  There are sever.11 
d i f f e r e n t  types o f  feeds : continuous, v ibra tory ,  and ap r~ ln  
f 1 ow* 

Generally, be1 t feeders - a re  best f o r  accurate metering o f  f i ne 
aggregates. Coarse aggregates usual l y  f l ow s a t i s f a c t o r i l y  w i  t h  
any o f  these feeders. For a uni form output from the asphalt  
p lant ,  co l d  feed i npu t  must be accurately measured. The cr i d  
aggregate feeder gates must be ca l ib ra ted.  Manufacturers nv' 
f u rn ish  approximate ca l  i brat ions f o r  gate openings o f  t h c  i r 
equipment, but  the only accurate way t o  se t  the gates i s  t o  
prepare c a l i b r a t i o n  char ts  using the  aggregates employed i n  tile 
mix. Refer t o  Figure 7 f o r  a t yp i ca l  c a l i b r a t i o n  cha r t  f o r  
cold feed bins. The importance o f  feeding the exact amounts ~f , 
each s i ze  aggregate i n t o  the dryer  a t  the co r rec t  r a t e  o f  f l t , w  
cannot be over emphasized. 

FEEDER GATE OPENINGS IN MlLLtMETRES 

O 1 2 3 4 5 6 7 8 9 K )  

PEEDER GATE OPENINGS IN INCHES 

Figure 7. Calibration Chart for Cold Feed Bins 



The dryer i s  a basic unit of an asphalt hot-mix plant ei ther  as 
a separate unit in a batch plant or integral with the 
continuous dryer drum plants. I t  i s  a necessary part  of the 
hot-mix operation for  i t  dries and heats aggregates coping frcm 
the cold feed supply making them suitable f o r  mixing w i t ?  
asphalt. To avoid or mitigate unburned fuel oi l  contamination 
of the asphalt mixture, the use of propane, butane, natural gas ,  
coal, or No. 1 or No. 2 fuel o i l s  i s  recommended.. . 

~ o s t  dryers are designed to  handle aggregate moisture contents 
* in the range o f  4% to  8%. Very wet aggregates reduce dryer 

capacity and require adjustments to  be made w i t h  regard to  
ei ther  of the fo1 lowing: 

Y - 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 i s  a l imit  t o  the increase in heat tha t  i s  possible 
without increasing exhaust. draf t  capacity. Beyond tha t  1 imi t 
the draf t  m u s t  be increased or the ra te  of aggregate flow must 

, be reduced. In very humid areas, or when aggregates are 
exceptionally wet, the contractor may operate two dryers i n  
tandem or run the aggregate through the same dryer twice. . 

h 

Most problems in dryer operations are caused by crowding more 
. material through the dryer than i t  can properly handle. There 

are other factors tha t  affect  e f f ic ient  operation. Several 
factors involve the burner. If an o i l  burner i s  used, i t  i s  
important that  the proper grade of fuel o i l  be used. The oi 1 
m u s t  be properly atomized by the blower. 

The velocity of the draf t  a i r ,  which combines with the atomized 
fuel o i l  for  combustion, m u s t  be in balance with the blower a i r  
and the amount of fuel o i l  being fed into the burner. If the 
blower a i r ,  draf t  a i r ,  and flow o f  fuel o i l  are not in balanced 
adjustment, i t  may cause incomplete combustion of 'the fuel ,  * 
leaving an oi ly coating on the aggregate part ic les  tha t  may 
affect  the mixture. Black smoke from the exhaust stack 
indicates tha t  the o i l  i s  not being completely burned. 

If 

Drying i s  the most expensive operation in mix production. I t  
i s  also the most frequently encountered bottleneck in the plant 
operations. The best dryer i s  one tha t  meets a desired 
production level a t  the lowest investment and operating cost.  
Improper drying in ei ther  batch or drum plants generally leads 
to  poor coating of the aggregate and future stripping or 
raveling problems with the finished mat, 

In general, theye( are three types of dust collectors: Cyclone 
col lectors ,  fabric f i  1 t e r  collectors,  and wet  scrubbers. Two 
o r  more of these devices may be included in a d u s t  collection 



system, which then contains a primary collector and one or more 
f i n a l  , o r  secondary, col 1 ectors. 

The dust c o l l e c t o r  f s  general ly  located adjacent t o  the dryer, 
and i s  necessary f o r  efficient p lan t  operation. The collector 

. e l iminates  o r  abates the dust nuisance t ha t  lnight r e s u l t  frat1 
exhaust a i r  from the dryer. Modern dust-col l e c t i o n  systems a r e  
h igh ly  e f f i c i e n t .  Provisions are  usua l ly  made i n  the dust 
c o l l e c t o r  t o  r e tu rn  the co l lec ted  dust  back t o  the ho t  
aggregate as i t  emerges from the dryer and i s  picked up by the 
ho t  elevator. i f  the cof lec ted dust i s  unsui table f o r  use i n  
the asphal t  mixture, i t  may be removed from the c o l l e c t o r  and 
wasted. 

3. Aggregate Seal es 

The aggregate weigh hopper, enclosed by a dust shield, i s  
suspended from a scale beam i n  such a way as t o  assure f ree  
movement. The l eve r  system, k n i f e  edges, and bearings should 
be checked f o r  c leanl iness and t o  be sure t h a t  no moving p a r t  
I s  b ind ing against  any other part .  The d i a l  needle should be 

' f ree-swinging and reg i  s t e r  zero a t  no load. 
' 

The weigh hopper scales should be checked w i t h  ten 25 kg or 
50-lb weights. With the screens running, 250 kg o r  500 1 bs o f  
weights are  attached t o  the weigh hopper and the exact d i a l  
reading recorded. The weights are removed and exact ly  250 kg 
o r  500 l b s  o f  aggregate are  deposited i n  the weigh hopper. 
Check weights are again added, and the procedure repeated u n t i l  
the  batch load i s  reached. 

A t  each 250 kg o r  500-lb increment, a t e s t  f o r  s e n s i t i v i t y  
should be made by p lac ing a 2.5 kg o r  5-lb weight on the sca!e 
and checking f o r  d i a l  movement. Should the scales f a i l  :o 
conform t o  speci f i c a t i o n  requ i  rernents, e i t h e r  i n  accuracy or 
s e n s i t i v i t y ,  p i  ant  production should po t  be permit ted u n t i l  
necessary adjustments or replacements have been made. I f  i n  
doubt the area engineer should discuss such a scale check w i t h  
the p r o j e c t  o r  d i s t r i c t  engineer. I 

4. Asphalt Scales 

The asphal t  scale i s  ca l ib ra ted  i n  near ly the same manner as 
the aggregate scale, bu t  on ly  one weighing operat ion i s  
required, Standard weights are  placed on o r  attached t o  the  
asphal t  bucket; readings are recorded as each weight i s  added. 
This i s  continued u n t i l  the  combined weight i s  s l i g h t l y  i n  
excess o f  the pounds o f  asphalt  cement required per batch of 
paving mixture. Asphalt scales, i f  i n  t r u e  adjustment, should 
ind ica te  the same value as the t o t a l  o f  the standard weights 
used. I f  the weigh sca le 's  e r r o r  exceeds the margin permit ted 
by spec i f ica t ions,  p l an t  operations shopld not be s ta r ted  u n t i l  
the 8cales are  adjusted o r  repaired by a q u a l i f l e d  scale 
technlclan. 
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The t a r e  weight o f  the empty asphal t  bucket should be watched 
c a r e f u l l y  t o  see, t h a t  the bucket i s  drained completely and t o  
compensate f o r  any asphalt  and dust  . c l i n g i n g  t o  it. The 

' asphalt  bucket should be tared a t  t h e  beginning o f  each day and 
I , checked a f t e r  the f i r s t  few loads are  discharged. Qui te  often, 

asphalt  accumulates on the sides and bottom o f  the bucket and 
s o l i d i f i e s  overnight. This a f f ec t s  the  t a r e  weight and reduces 
the weight o f  asphalt  actually incorporated i n  the mix. Have 
you ever looked i n t o  the bucket? 

For an accurate zero reading, asphal t  scales should not  be 
%s checked u n t i l  heat ing o i l  o r  steam i s  i n  the jacke t  around the 

asphalt  bucket and the mixer. 

4 5. Asphalt Meters 

Asphalt meters are  volume diip1acement puinps, and when used 
they should be checked f o r  accuracy. Since asphal t  content i s  
usua l ly  expressed as a percent by weight, a co r re l a t i on  between 
meter readings and weight should be established. 

A simple method t o  determine the co r re l a t i on  i s  t o  read the 
meter, pump a quant i ty  o f  asphalt  i n t o  a tared container, and 
then read the meter again. The weight o f  asphal t  d iv ided by 
the d i f fe rence i n  meter readings determines the weight o f  
asphal t pumped per  d i  v i  s i  on. 

The v i scos i t y  and u n i t  weight o f  the asphalt  vary w i t h  a change 
i n  temperature. When the temperature i s  increased the 
v i s cos i t y  decreases. The un i  t weight decreases about 1 percent 
f o r  an increase i n  temperature o f  150C (280F). Pumping, 
e f f i c i ency  may be a f fec ted  by a change i n  temperature, and i t  
m a y  be desirable t o  c a l i b r a t e  the pump over a range o f  asphal t  
temperatures. Volumes and v i s cos i t i e s  can be determined l a t e r  

I 

f o r  ca l  i bra t i on  and p l o t t i n g  purposes i f  necessary. 

Some asphal t meters have bu i  1 t - i n  temperature-cornpensat i ng 
devices t h a t  co r rec t  the f low o f  asphal t  when temperature . 

P changes occur. When a meter w i thout  a temperature-cornpensat i ng 
device i s  used, i t i s  necessary t o  ad jus t  the de l i ve ry  se t t i ng  
f o r  each change i n  asphal t  temperature. 

ri 

6.  Hot Bins 

Accurate propor t ion ing ~f co ld  feed aggregates i s  extremely 
important. Except f o r  + whatever degradation may occur i n  
hand1 ing, drying, screenin'g, or t he  f i nes  t h a t  are  picked up by 
the exhaust system, aggreg'ate i n  hot  b ins  i s  the  same as i n  t ' l e  
co l d  feed. , I 

Dried aggregates are general ly  t ransported from. the dryer by a 
hot  e levator  and deposited onto a u n i t  which .contains screens, 
storage bins, and aggregate propor t ion ing devices (Fig. 8). ' 
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Screens a r e  used t o  separate the bggregate i n t o  f r ac t i ons  o f  
spec i f l ed  s ize  and c1eposl t each f n t o  a separate bin .  An 
imbalance i n  the hot blns  c~nder the screens s igna ls  a need f o r  
co r rec t  i vc. d c  tl t r r i  t b 1  5owht?rbtb - USUUI 1y i n  t h ~  co ld  aggregate 
feed. 

Screen s izes selected a r e  usual ly  based on separat ing the 
aggregate i n t o  equal percentages o f  mater ia l  by weight. The 

: smallest p rac t i ca l  size, however i s  a 3.35 mn (No. 6)  screen. 
To separate aggregate i n t o  spec i f i ed  sieve s izes used i n  
tes t ing,  screen c l  oths having s l  i g h t l y  1 arger openings are used. 

Hot b ins  are used t o  temporar i ly  s to re  heated and screened 
aggregate i n  the various s ize  f r ac t i ons  required. Each b i n  
should be- l a rge  enough t o  prevent dep le t ion o f  the mater ia l  
when the mixer i s  operat ing a t  f u l l  capacity. Each b i n  should 
have an overf low pipe t o  prevent aggregate from backing up i n t o  
the o ther  bins. The overf low f low p ipe a lso prevents 
o v e r f i l l i n g  t o  the po in t  where the v i b ra t i ng  screen w i l l  r i d e  
on the  aggregate. Should t h i s  happen i t  would r e s u l t  i n  a 
heavy carryover and probable damage t o  the screens. Many times 
these overf low pipes are  closed by co ld  a ~ p h a l t  o r  even welded 
shut, 

Mater ia l  i s  withdrawn from the hot bins  i n  predetermined 
proport ions and a t  a spec i f i ed  rate. I f  the l eve l  o f  aggregate 
i n  hot  storage has l i t t l e  va r i a t i on  dur in~g p l a n t  operation, a 
balanced f l ow o f  aggregate i s  being achieveid. 

- -  -- 

Figure 8. Segregation of Materials in the Hot Bins 



7. Col lected Dust 

I f  the mater ia l  gathered i n  the dust co l l ec to r  i s  su i tab le  f o r  
recombining w i t h  the aggregates i n  the mix, some o r  .a1 1 o f  i t  may 
be returned t o  the p lant .  Make sure the mix design a'ccounts f o r  
the volume o f  dust being returned t o  the mix. 

A cantinuously tu rn ing  worm screw a t  the  bottom o f  the dust  
co l l ec to r  removes the dust and f i n e s  t h a t  have s e t t l e d  i n  the 
co l l ec to r  chamber and deposits them a t  the bottom o f  the ho t  
e levator  where the aggregate emerges from the dryer. 

* 

8, Minepal F i l l e r  

P High-type asphalt  p lan ts  o f ten  have separate feeding systems f o r  
in t roduc ing mineral f i l l e r  i n t o  the mix. The mineral f i l l e r  i s  
normal 1 y deposited i n  a speci a1 ground-mounted feeder and 
transported w i t h  a screw conveyor, t o  a dus t - t i  gh t  e levator  where 
it i s  i n  t u rn  deposited i n  a surge hopper. From here i t  i s  added 
t o  the aggregate as i t  i s  drawn from the ha t  b ins  f o r  mixing. 

9. Charging the Pugmi 1 1 

Unless the p l a n t  i s  equipped t o  discharge a l l  b ins  simultaneously, 
aggregate should be drawn from the hot  b ins  i n t o  the weigh hopper, 
beginning w i t h  the la rges t  s i ze  aggregate and progressing down t o  
the f i n e s t  size. The mineral f i l l e r  i s  added l a s t .  

This permits some mixing o f  the aggregate as i t  discharges i n t o  
the mixer. The amount from each b i n  i s  weighed cumulat ively on 
the scales. The operator c a r e f u l l y  marks the scale reading f o r  

I I each s ize  aggregate t o  be weighed. The asphalt  i s  weighed 
I 
I separately and should be introduced and d i s t r i bu ted  uni formly and 

qu ick ly  i n t o  the mixer. Otherwise, a non-uniform mixture could 
I be produced. 
I 

Asphalt cu t - o f f  valves should be checked f o r  p o s i t i v e  act ion.  
They should close t i g h t l y  so t h a t  no asphalt  d r i ps  a f t e r  the 

P desired amount has been introduced o r  discharged from the weigh 
bucket. 

I 

* Asphalt i s  introduced i n t o  the pugmil 1 a f t e r  the aggregate has 
been deposited from the weigh hopper. Wet mix ing t ime begins when 
the asphalt  i s  added. 

I 10. The Mixer 
1 
I 

I A l l  mixer pa r ts  must be i n  good mechanical cond i t ion  and i n  proper 
adjustment. Paddle faces can be se t  i n  a va r i e t y  o f  combinations. 
The manufacturer ' s operat i  on manual g ives deta i  1 s on the co r rec t  

, 

se t t i ngs  o f  the paddle faces. 

P 
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Clearance between the  paddle t i p s  and l i n e r  i s  governed by the 
maximum s ize  aggregate and, normally, i s  l ess  than h a l f  the 
maximum aggregate diameter. Dead spots may develop i f  the 
paddles have worn considerably o r  are  broken and have no t  been 
readjusted o r  replaced. 

Non-uniform mixing may occur i f  the mixer i s  o v e r f i l l e d .  A t  
maximum operat ing e f f  i ciency, the paddl e t i p s  should be bare ly  
v i s i b l e  i n  the mater ia l  a t  the  top o f  t h e i r  periphery dur ing 
mixing. Mater ia l  above t h i s  l eve l  tends t o  f l o a t  above the 
paddles and i s  not  mixed. On the other hand, an i n s u f f i c i e n t  
batch w i l l  no t  be mixed proper ly  because there  i s  no t  enough 
mater ia l  t o  ca r ry  around i n  the paddle paths. Both condi t ions 
can be minimized i f  the manufacturer's pugmi 11 batch r a t i n g  
recommendation i s  followed. Normally, t h i s  i s  based on 
percentage o f  the capaci ty o f  the pugmi 11 's "l i v e  zone. " When 
was the mixer l a s t  inspected? (See Figures 9, 10, and 11 on 
page 37.) 

11. Mixing Time 

Total  mixing t ime begins when a l l  combined mineral aggregates 
and asphalt  are placed i n  the mixer; mixing t ime ends w i t h  the 
opening o f  the discharge gate. Dry mixing i s  not  recommended, 
there fore  the t o t a l  mix ing t ime w i l l  be wet mix ing time. 

The asphalt  f i l m  i s  hardened by exposure t o  a i r  and heat. 
Therefore, m ix i  ng time should' be the ' shor tes t  t ime needed t o  
obta in  a uniform d i s t r i b u t i o n  o f  aggregate s izes and asphalt  
throughout the mix. 

Mixing time may be establ ished f o r  a da r t i cu l a r  mix i n  a p l an t  
by the procedure i n  MSHTO T 195,  AS^ D 2489). This method 
bases the degree o f  mixing on the percentage o f  coarse 
p a r t i c l e s  t h a t  are completely coated r i i t h  asphalt .  The method 
i s  cor re la ted w i t h  mix ing time. 

The t e s t  involves separating coarse dggregate p a r t i c l e s  from 
the mix on a selected sieve size. Abput 200 t o  300 p a r t i c l e s  
should be examined under strong l i g h t .  Any speck o f  uncoated 
aggregate p a r t i c l e  v i s i b l e  t o  the naked eye c l a s s i f i e s  t h a t  
p a r t i c l e  as uncoated. Usually, 90 and 95 percent coated 

f p a r t i c l e s  are minimums f o r  base an sur face 'course mixes, 
respect ively.  The l eas t  t ime needed f r the pugmil l  t o  achieve 
these minimums i s  the most desirable Mixing time. 

F. Drum Mixers 
I 

Many o f  the comments and cautions discu sed e a r l i e r  w i t h  batch 
p l an t  operat ions are also appl icab le  t o  d urn mixer p lants.  I 
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Simply stated, drum-mixing i s  a process i n  which hot  asphalt  
mixtures are produced i n  a p lan t ,w i thou t  the hot aggregate screens, 
hot  bins, and pugmil l  mixer. The basic p l a n t  cons is ts  o f  a co ld  
feed system, a r o t a t i n g  drum mixer w i t h  modi f ied f l i g h t s ,  an asphal t  
p ropor t ion ing and dispensing system, and a surge bin.  The drum mixer 
p l an t  has a1 so been ca l l ed  a "dryer drum" p lan t .  

1. P lan t  Control System 

Contro ls a t  the operator 's  console t p l a n t  operat ion from a 
cent ra l  locat ion.  A t yp i ca l  console inc ludes p l a n t  motor 
cont ro l  s, automati c blend! ng system cont ro l  s, d i g i t a l  d l  sp l  ays, 
asphal t vo l  ume counters, and burner temperature cont ro l  s . 
Recently, computers have been adapted t o  drum mixer p lants .  They 
enable programming a t  the p l a n t  s i t e  f o r  changes i n  the cont ro l  
system, and requ i re  minimal t r a i n i n g  f o r  the operator t o  run the 
p lant .  

Add i t iona l  l y ,  the  fo l l ow ing  con t ro l s  and equipment are required 
f o r  t h i s  type o f  p l a n t  t o  ensure a q u a l i t y  product t h a t  meets 
spec i f i ca t ions  i n  a1 1 respects: 

a. Separate co ld  feed. contro ls,  f o r  each aggregate size, 

I 1  

b. Cold feed f low sensors, 

c. I n t e r l ock i ng  o f  aggregate co ld  feed,  and asphalt  and mineral 
f i  1 l e r  when used, 1 

I 

d .  Sensors t o  determine the moisture dantent o f  aggregate, as 
wel l  as a moisture compensation t o  make adjustments i n  
proport ions o f  mater ia ls  i f .necessary,  

e. Means f o r  sampling a l l  mater ia l  components whi le  the p l an t  i s  
i n  f u l l  production, 

f . Automatic burner cont ro l  s, 

g . Primary dust col  1 ector  t h a t  can feed back col  l ec ted  mater ia l  , 
and 

h. Sensors t o  measure temperature of the  ho t  mixture a t  
discharge. 

2. Proport ioning Aggregates 

Aggregate gradat ion con t ro l  i s  achievfid i n  the crushing and 
stockpi  l i ng  operationg. Accurately contrio1 l e d  feeders p ropor t i  on 
the aggregate as f t 'Teaves the co ld  b,ins. Be1 t scales t h a t  
continuously weigh and monitor the ciornbi ned aggregates are  
in te r locked  w i t h  a metering asphalt  pumd t o  mainta in a constant 
aggregate-to-asphal t r a t i o .  Asphal t iis added e i t h e r  a t  the 
aggregate en t ry  p o i n t  f or a t  var iab le  l o ~ a t i o n s  w i t h i n  the drum. 
The dry ing and blending o f  the aggregate, and the mix ing o f  the 
asphal t  and aggregate takes place i n  t i e  drum. The burner i s  
located a t  the upper, o r  aggregatewentry! end o f  the drum. This 



I 

means thpt there is a parallel flow of burner gases a l d  
asphal t-aggregate mixture toward the discharge end of the drum. 
Some drum mixer  plant variatioas include counterflow of burner 
gases and mi dpoi nt aggregate entry. - Other var i ati ons i n drum 
mixer plants are discussed in Subject L, Hot-Mix Recycling o f  the 
Asphalt Institute's ES-1. 

3. Weighing Aggregate 

As the aggregate is fed into the drum by the conveyor' be1 t, it 
+em passes over the weigh bridge. This is a be1 t idler, or supporting 

roller, mounted on a scale. As the aggregate passes over the 
idler its weight is sensed, and transmitted as a visual display 
on the control console. The speed of the conveyor. be1 t is also 

4' 

taken into consideration, so that the visual display indicates 
weight of aggregate per hour. This value is the basis of the 
asphal t-aggregate blending system. 

4. Asphalt Matering and Del i w r y  

A system providing accurate, continupus, proportioning of asphalt 
to aggregate is required for the successful operation of a drum 
mixer plant. The asphalt metering and delivery system must be 
interlocked with the aggregate system to ensure a constant ratio 

I of asphalt to aggregate. 

5, Correction f o r  Moisture 

The weight of aggregate per hour going into the drum is the basis 
of the total m i x  formulation. Since the weight of the aggregate 
includes moisture, the weight of the moisture must be subtracted 
to arrive at the true aggregate feed rats. The actual moisture 
content is periodically determined by .moisture extraction tests 
or moisture probes. 

6. Continuity o f  Operations 

One of the essentials for a consistent and high-qua1 ity, hot-mix 
4 

asphalt is a continuous plant and paving operation. Quality of 
the mix, workmanship, or both, suffer when either the plant 
operation or actual paving is intermittent. Should the paving 

d operation be unavoidably interrupted for some reason other thaq 
plant production, the plant operation w i  1 1  have to be i nterruptefl 
unless some other provision is made. 
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With the advent o f  p lac ing t h i c k - l i f t  asphalt  paving courses up 
t o  150 mm ( 6  i n . )  t h i c k  o r  more i n  one operation, the asphalt  
p l an t  i s  o f ten  taxed t o  i t s  l i m i  t t o  provide' an adequate f low o f  
mater ia ls  t o  the paver. I n  some cases, the p l a n t  i s  unable t o  
produce the mix a t  the required r a t e  t o  keep the paver con t inua l l y  
suppl ied. Paving speeds must be adjusted t o  balance p l a n t  output 
unless other provis ions are made. 

7. Storage o f  Hot-Mix Asphalt 

Many modern hot-mix asphalt  p lan ts  are equipped w i t h  surge o r  
storage bins. A surge b i n  i s  connected t o  the p l a n t  by a 
conveying system, and i s  intended t o  ho ld  mix f o r  r e l a t i v e l y  shor t  
t ime periods. Generally, i t  i s  no t  insu la ted because hold ing t ime 
i s  expected t o  be on ly  two o r  three hours. A storage b i n  i s  
s i m i l a r  t o  a surge b i n  except t h a t  i t  i s  insu la ted because i t  i s  
intended f o r  longer storage periods. 

The most popular shape o f  surge o r  storage b ins  i s  cy l  i n d r i c a l  
w i t h  a conical  sect ion a t  the bottom. A va r i e t y  o f  conveying 
systems are i n  use; be1 t conveyors, bucket e levators,  sk ip  ho is ts ,  
screw conveyors, and s l  a t  conveyors. Studies ind ica te  t h a t  the 
b ins  can be charged wi thout  segregation o r  an appreciable drop i n  
temperature. 

I 

Surge systems o f f e r  several bene f i t s  bemuse stop-and-go operat ion 
o f  the p l an t  i s  minimized. V a r i a b i l i t y  i n  mix composition and 
temperature associated w i t h  s t a r t  up and stopping i s  reduced by 
more continuous p l a n t  operation. Also the emission o f  ex t r a  afr 
po l l u t an t s  each time the p l an t  s t a r t s  up i s  minimized. 
P roduc t i v i t y  i s  increased by running cointinuously dur ing normal 
working hours and no t  j u s t  when t rucks ar;e ava i lab le  f o r  loading. 

I 

We have spent bu t  a few minutes d i  scussi nig a c r i t i c a l  phase o f  the 
hot-mix operat ion. Many engineers, tgchnic ians and operators 
spend t h e i r  whole career on studying, r e f i n i n g ,  operat ing and 
producing the hot-mixed bituminous matepial t h a t  i s  used on 90% 
o f  the Nat ion 's  roadway surface. 

For purposes o f  f i e l d  inspect ion we havp covered the p l a n t  s i t e  
and c r i t i c a l  operat ions which i f  no t  prdper ly  con t ro l l ed  lead t o  
mix problems and delays which can r e $ u l t  i n  reduced serv ice 
a b i l  i t y  and d u r a b i l i t y .  The fo l l ow ing  t ab l e  produced by the  
Asphalt I n s t i t u t e  provides a quick referbnce f o r  cause and e f f e c t  
problems normal l y  found a t  the hot-mix ant. A1 so. refer t o  the 
Technical Advisory (T 5040.27, Mar. 10; 1988) on ~ s p h a l  t Concrete 
Mix Design and Field Control f o r  a '  model check1 i s t  on asphalt  
p l a n t  inspect ion.  I 





I V .  HAULING AND LAYDOWN 

A f t e r  t he  bituminous mix i s  produced a t  the p l an t  there are a number 
o f  fac to rs  involved i n  the t ranspor t  and laydown o f  the mix which the 
f i e l d  engineer must r ea l i ze  are c r i t i c a l  t o  the workmanship and 
performance o f  the f i n i shed  mat. 

The f i e l d  engineer should be most concerned w i t h  the concept o f  
"balanced operations. " The production o f  the p l an t  must be consistent  
w i t h  the length o f  the haul, the number o f  haul t rucks,  the  laydown 
capabi 1 i t y  o f  the paver, and the compaction r a t e  o f  the rol l ers on the 
job. From a standpoint o f  eventual product appearance, rideability, 
and u l  t imate performance, optimum h a d  i ng  and 1 aydown procedures must 
be adhered t o  continuously. 

A. Haul Trucks 

The f i e l d  engineer w i l l  probably not  spend a great  deal o f  t ime 
on haul t ruck  inspection, but  a b r i e f  review o f  veh ic le  condit ion, 
equipment, and operator procedures can be most productive. Haul 
t rucks should be c l e a r l y  i d e n t i f i e d  (numbered) and checked f o r  . 

safe operat ing cond i t ion  and back-up warning devices ' fo r  the 
safe ty  o f  personnel a t  both the p l a n t  and the laydown s i t e .  The 
t ruck  should be clean, w i t h  a f u l l  complement o f  operat ing 1 ights ,  
good t i r e s  and suspension, and special a t t en t i on  should be given 
t o  assuring no leaks o r  broken seals are noted. O i l ,  grease, and 
hydraul i c f l u i d  can cause severe damage t o  the.  pavement. Good 
brakes are c r i t i c a l  t o  the paving operat ion t o  assure the desired 
smooth-qua1 i t y  r i d e  o f  the f i n i shed  product and safe operations. 

1. Condi ti on/Cl eanl i ness 

The haul vehic les need t o  be completely cleaned before use i n  
haul ing bituminous mix t o  avoid contamination. Hardened mix 
should be removed from the corners o f  the bed. This should 
be r o u t i n e l y  checked'when haul t rucks r a i s e  t h e i r  beds, and 
i s  p a r t i c u l a r l y  important when mix i s  being pa id  f o r  on a 
tonnage basis. 

The f i e l d  engineer should always check t o  see t h a t  on ly  
approved release agents are being used and t h a t  they are used 
as spar ing ly  as possib le t o  prevent damage t o  the mix. 

2. Loading Sequence 

An o f ten  over1 ooked f ac to r  which can cont r ibute  t o  segregation 
problems i s  the proper loading sequence. The f i e l d  engineer 
should note t h a t  the haul t r uck  i s  centered under the 
discharge. The f i r s t  batch loaded should touch the f r o n t  wa l l  
o f  the  t ruck  bed. The second batch should be made near the 



rear o f  the t ruck  and the f i n a l  drop should be i n  the center 
o f  the t ruck.  Off-center 'or one-posi ti on 1  oading i s  a  common 
occurrence. Not f o l l  owing standard 1  oadi ng pract ices can 
cause segregation problems, and should be discouraged. 

3. Weight Restrictions 

The maximum al lowable gross load i s  shown on the t ruck  
r e g i s t r a t i o n  and should be spot-checked t o  prevent 
overloads. Recent reviews have noted widespread problems 
w l  t h  overweight vehic les on construct ion p ro jec ts  and wh i le  
haul ing from p lan ts  t o  pro jec ts .  

-, Haul t rucks general ly  are required t o  have tarps. Tarps 
should be checked f o r  adequacy and t o  insure they are being 
used when required. Heat re ten t ion  provided by tarps  i s  

.4 p a r t i c u l a r l y  important i n  co ld  weather, on long hauls, o r  
when r a i n  threatens. 

4.  Safe Operations 

A t  the  paving s i t e ,  several haul t ruck- re la ted items need 
t o  be reviewed. For safe operat ion o f  the t ruck,  make sure 
t h a t  any t r a f f i c  cont ro l  p lan r e s t r i c t i o n s  are being 
observed by the d r i ve r s  and t h a t  there are no c o n f l i c t s  
w i t h  u t i l i t y  l i nes .  If t h i s  i s  not  checked ahead o f  the 
paving operation, a  d r i ve r  could cause property damage and 
poss ib ly  incur personal i n j u r y  i f  the t ruck  i s  snagged by 

P at ra ised bed. 

Again, back-up warning devices must be working proper ly  and 
t h i s  should be a  prime concern o f  the f i e l d  engineer 
because i t  i s  o f ten  overlooked by the contractor .  

When the haul t ruck  backs up t o  a  paver i t  should always 
stop several inches shor t  and l e t  the paver engage the 
t ruck.  This should always be reviewed by the f i e l d  

I 

engineer as t ruck  d r i ve r s  o f ten  bump the paver causing 
r i d e a b i l i t y  problems. This may happen 50-100 times per day 
depending on the speed o f  the paving operlation. A1 so when 
the t r uck  backs up the rear  wheels should contact the paver 
r o l l e r  bar squarely t o  prevent i t  from j e r k i ng  and causing 
waves i n  the surface. 

24 

The f i e l d  engineer can m i t i ga te  segregation i n  another way 
by making sure the t r uck  d r i ve r  f i r s t  ra i ses  the bed before 
opening the gate high enough t o  get  a la rge  s lug o f  
mater ia l  i n t o  the paver when the gate i s  opened. 

5. Truck Types/Integration with Pavers 

Constant contact o f  the t r uck  w i t h  the paver i s  c r i t i c a l  
t o  prevent s p i l l s  and bumps which lead t o  surface 
i r r e g u l a r i t i e s .  This i s  simple on a  leve l  surface but  the 
f i e l  d  engineer needs 
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t o  keep a c lose eye on t h i s  fac to r  on grades. Truck h i tches which 
t i e  the  paver t o  the t r u c k ' s  rear  ax le  o r  through a r o l l e r  t o  the  
rear  wheels i s  an exce l len t  mechanism now being used more 
f requen t l y  t o  solve t h i s  problem. 

The f i e l d  engineer should make sure beds are lowered as soon as 
they are  empty. ' I f  the dump body i s  up, sooner o r  l a t e r  an 
overhead l i n e  w i l l  be snagged. 

End-dump t rucks  must be inspected t o  ensure they are compatible 
w i t h  the  paver. The rear  o f  the  bed has t o  extend f a r  enough 
beyond the rea r  wheels t o  discharge mix i n t o  the hopper t o  prevent 
s p i l l s  i n  f r o n t  o f  the  paver. A t  the' same time, the  bed must be 
s ized so as t o  f i t  i n  the hopper w i thout  pressing down on the 
paver r e s u l t i n g  i n  workmanship r i deab i  1 i t y  problems. 

The previous discussion d e a l t  w i t h  a l j  types o f  t rucks  w i t h  an 
emphasis on end-dumps. Many p o r t i o n i  o f  the country are more 
fami 1 i a r  w i t h  bottom-dump, haul t irucks which have other 
considerat ions t o  be noted. 

Bottom-dump veh ic les  have d i f f e r i n g  m$thods f o r  cont ro l  1 i n g  the 
gate openings. The f i e l d  engineer stiould check t o  see t h a t  a 
unform windrow i s  being placed. I f  Fhe windrow i s  too small, 
add i t i ona l  mater ia l  can be added t o  keep the paver from s tarv ing.  
Likewise gaps can be 1 e f t  i n  the  windrbw i f  i t  contains too much 
mater ia l .  A prime concern o f  the  f i e l p  engineer i s  ensuring t h e  
windrow 1 ength i s  con t ro l  1 ed, p a r t i c u l q r l y  i n  cool o r  threatening 
weather. I n  co ld  weather the  windrow should usua l l y  be r e s t r i c t e d  
t o  a s ing le  t ruck load a t  a t ime. 

B . Laydown/Pavers 

1 .  Components 

The laydown o f  the b i  tuminous mix , i s  the  culminat ion o f  a1 1 
the e f f o r t s  expended i n  speci f i cati.on preparat ion, mix desi gn 
mate r ia l s  cont ro l ,  and mix preparaqion. I f  the  mix placement 
i s  done improperly, the  preceding e f f o r t s  can g~ f o r  naught. 

I n  order t o  get  optimum r e s u l t s  on la pro jec t ,  i t  i s  extremely 
important f o r  everyone who has a $esponsibi l  i t y  f o r  p lac ing  
the h o t  mix (and inspect ing  i t s  placement), t o  have a good 
understanding o f  the  p r i n c i p l  esi behind the design and 
operat ion o f  the  paver. I 

Pavers have remained essent ia l  1 y u&hanged f o r  some 50 years. 
The basic components are the t r a d t o r  and the screed. The 
t r a c t o r  suppl ies the power needs of the  paver. It moves the 
paver, and receives and d e l i v e r s  the mix t o  the  screed. 



Augers on the t r a c t o r  keep a uni form d i s t r i b u t i o n  o f  mix i n  
f r o n t  o f  the  screed. The screed i s  towed by the t r a c t o r  and 
cons is ts  o f  screed plates,  screed v i b r a t o r s  (o r  tamper bars),  
thickness, and crown cont ro ls ,  and screed heaters. 

2. Forces Acting on Screed 

The forces ac t ing  upon the screed are discussed i n  d e t a i l  i n  
the accompanying f i l m  which compl ements the m e  
publ ica t ion ,  "'Principles o f  the Asphalt Finisher.'' Basically,' 
a l l  pavers operate on tne same p r i n c i p l e  - as the screed i s  
p u l l e d  ou t  i n t o  the mix, i t  seeks the  l e v e l  a t  which a1 1 
forces ac t ing  on i t  are i n  balance. A screed's ac t ion  can be 
compared t o  a water s k i e r  w i t h  s k i s  t ipped up j u s t  enough t o  
support the  s k i e r s  weight. Refer t o  f i g u r e  12. 
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Figure 12. Forces Acting on the Scread During Paving Operation 

The screed n o t  only s t r i k e s  o f f  the  mix a t  the proper 
e levat ion  t o  g ive  the co r rec t  mat th ickness b u t  i t  a lso  
provides i n i t i a l  compaction o f  some 80 percent o f  the  mat 
density. The f i e l d  engineer should be concerned i f  i n i t i a l  
compaction does no t  meet o r  exceed t h i s  general f i g u r e  because 
f i n a l  compaction w i l l  l i k e l y  be d i f f i c u l t  t o  achieve. 



The f i e l d  engineer must a1 so be aware o f  the funct ion o f  proper 
crown adjustment i n  the screed. The lead ing edge o f  the screed 
should always have more crown than the t r a i l i n g  edge - t h i s  can 
be checked w i t h  a s t r i n g l i n e  and tape - bu t  too much crown on 
the lead edge w i l l  produce an open mat along the edges. 
Conversely, too l i t t l e  leading edge crown w i l l  cause an open 
tex tu re  i n the center  o f  the pu l l .  

3. Paver Candf tion Check 

The f i e l d  engineer should check t o  see t h a t  the paver i s  i n  
clean operat ing cond i t ion  before each day's operation, 

- p a r t i c u l a r l y  the screed. The screed assembly i s  equipped w i t h  
a heater which serves t o  prevent s t i c k i n g  and marking o f  the 
mat. Use o f  the heater should be watched by the f i e l d  
engineer. Normally, the heater i s  on ly  used a t  the beginning 
o f  the day o r  t o  compensate f o r  heat l o ss  between loads i n  cool 
weather. I f  i t must be run continuously, the burner should be 
low t o  prevent warping o f  the screed. The burner should not. be 
used t o  compensate f o r  1 ow mix temperatures. This i s  a problem 
t h a t  needs t o  be addressed a t  the plant .  

4. Paver Speed Unlformlty 

There are a number o f  items which the f i e l d  engineer must 
review i n  the laydown operat ion bu t  perhaps the most important 
i s  the uni.form speed o f  the paver and avoidance o f  s t a r t s  and 
stops. Each time the paver has t o  stop, the screed w i l l  s e t t l e  

, i n  the mat. When movement i s  continuad a f t e r  a prolonged stop 
the paver w i l l  r i d e  up over the cooled mater ia l  forward o f  the 
screed. This depressing and then th ickening o f  the mat 
t rans la tes  ' t o  poor pavement r i d e a b i l i t y ,  and can be avoided 
w i t h  e f f o r t s  t o  match the paver speed wiith the p l a n t  output. 

During laydown, the f i e l d  engineer should watch f o r  other 
prac t ices which can con t r ibu te  t o  a pdor product. Auger speed 
and resu l t an t  mix de l i ve ry  t o  the gcreed i s  c r i t i c a l .  Too 
1 i t t l e  mater ia l  ahead o f  the screed reduces mat densi ty  and 
causes the screed t o  se t t l e .  Too much mix gives the opposite 
resul  t - i ncreasi ng mat densi ty  and a cil imbi ng screed. 

A f i n a l  important reason f o r  the f i e l  d engineer t o  be concerned 
w i t h  constant speed on the paver i s  t/he f a c t  t h a t  mat densi ty  
i s  re la ted  t o  paver speed. Slow paver speed al lows the paver i 

t o  impart more dens i f i ca t ion  t o  the a t  causing the paver t o  T r i s e .  Again, the opposite r e s u l t  occyrs w i t h  h igher speeds - 
the mat density decreases and the screeld drops. 

I 



I f  the auger i s  co r rec t l y  loaded (mix about the midpoint o f  
the auger) and the speed o f  the paver i s  $kept constant, the 
operat ion has a very good chance o f  producing a smooth surface. 
The f i e 1  d engineer should c lose ly  observe the personnel on the 
paver 's  mat thickness cont ro l .  This i s  perhaps the most abused 
feature  o f  the modern paver, p a r t i c u l a r l y  i f  more than one 
person i s  a1 lowed t o  operate it. It should be understood t h a t  
constant manipulat ion o f  t h i s  cont ro l  w i l l  r e s u l t  i n  an 
unacceptable product. This i s  because many contractor  
employees are no t  aware o f  the long i tud ina l  1 ength f t takes f o r  
the screed t o  obta in  the thickness ca l l ed  f o r  by the thickness 
con t ro l .  Then, a "chase" f o r  a higher o r  lower thickness can 
occur. 

6.  Joint Construction 
3 

Sui t ab i  1 i t y  o f  the transverse and 1 ongi tud ina l  ho t  mix j o i n t s  
I are the f i n a l  major f ac to r  which the f i e l d  engineer should . 
I 

r e v i  ew i n  the 1 aydown operat i  on. Col d 1 ongi tud ina l  j o i  n t s  
should be el iminated where possib le because they o f ten  crack 
open a1 1 owing water penetrat ion w i t h  i t s  resu l  t a n t  probl  ems. 
This cracking i s  caused by the lack  o f  confinement and reduced 
densi ty i n the f i r s t  p u l l  . The reduced densi ty 1 eads t o  higher 
vojds and higher permeabi l i ty .  

Longitudinal j o i n t s  have t r a d i t i o n a l l y  been bu i  1 t w i t h  v e r t i c a l  
slopes but  a new technique i s  emerging which has been promoted 
by the increased amount o f  resurfacing under t r a f f i c .  This \ 

technique i s  t o  l a y  the i n i t i a l  p u l l  j o i n t  w i t h  a 4 t o  1 side 
slope, compact t h i s  area w i t h  a rubber t i r e  r o l l e r  and then 
make subsequent p u l l  s. This a1 1 ows more consi s ten t  densi ty  
across the j o i n t .  I n  e i t he r  case the f i e l d  engineer should 
note t h a t  overlap should no t  exceed 2 inches and t h a t  the 
unro l led  mat should be some one-fourth th i cke r  than the r o l  l e d  
mat t o  provide f o r  consol idat ion. 

The f i e l d  engineer may see e i t he r  a "crowded" o r  a "trimmed" 
long i tud ina l  j o i n t .  I n  the crowded j o i n t ,  the excess mix on 
the r o l l e d  mat i s  pushed back i n t o  uniform r idge  so t h a t  the 
r o l l e r  can depress i t  i n t o  the hot  s ide o f  the j o i n t .  The S 

f i e l d  engineer should understand t h a t  excess mater ia l  i s  no t  
t o  be spread across the surface o f  the unro l led  mat. When a 
trimmed j o i n t  i s  used, the excess mater ia l  over the r o l l e d  mat 

1 

I i s  wasted o r  ca r r ied  back t o  the hopper. I f  t h i s  technique i s  
used, the f i e l d  engineer must ensure t h a t  the long i tud ina l  
j o i n t  i s  compacted f i r s t .  

Transverse j o i n t s  f o r  work i n t e r r up t i on  are constructed i n  two 
ways. The f i e l d  engineer needs t o  be aware o f  both because o f  



thei r importance t o  pavement ri deabi 1 i ty and performance. The 
f i r s t   neth hod i s  by bul kheading where the hopper i s  fed down and 
the paver travels across a transverse piece of lumber the size 
o f  the compacted mat. The remainder o f  the hopper i s  feathered 
o u t  i n  a ramp. The ramp and lumber i s  removed when the 
operation i s  restarted. Perhaps a more commonly used joint 
method i s  where the paver paves over building pader which forms 
the joint. The paper and tapered mix above i t  i s  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 compacti on. Deficiencies shoul d be corrected immediately 
and the paving operation shoul d not continue until corrections 
are made. 

A final note to consider on 1 aydown i s  that the paver of today 
and i t s  ancillary equipment i s  designed t o  be less operator 
dependent than i n  the past. Equipment operators are generally 
less experienced and labor i s  certainly more expensive so their 
use i s  being minimized. The training o f  field engineering and 
State project field inspection personnel and the proper 
exercise of oversight i s  increasingly important in assuring an 
acceptabl e 1 aydown operati on. I 

, 
I 



25-50 MILLIMETERS l/q - 4-- (1 - 2 INCI-IES) 
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(b) OVERLAP CROWDED BACK READY TO BE ROLLED. 
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ic) MAKJNG A TRIMMED JOINT. 

Figure 13. Constructing and Preparing Longitudinal Joints 

MATERIAL SERVES AS RAMP AND 
SUPPORTS BULKHEAD DISCARD 
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(a) TRANSVERSE JOINT CONSTRUCTED USING A BULKHEAD. 
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ib) TRANSVERSE JOINT HAVING A SAWED VERTICAL FACE. 

Figure 14. Constructing and Preparing Transverse Joints 



V.  COMPACTION 

A, Purpose 

Optimum pavement performance can only be achieved by forcing the 
aggregate particles i nto cl ose contact and hol ding these parti el es 
in position with the asphalt binder. The compaction process 
serves to give the m i x  stabil i ty, cohesion, and impermeability. 

Stabi 1 ity is the ability of the pavement to resist displacement 
when acted on by traffic loads. Cohesion and adhesion work to 
hold the mix together resisting tensile stresses achieved by 
effective compaction that binds the parti cl es 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 properly 
designed mixes. 

.The field engineer should recognize that the primary reason for 
compacting the mix is to make it reasonably watertight and 
reasonably impermeabl 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 f o r  
future consolidation under traffic and not result in rutting due 
to over consolidation. When voids are approximately 3 percent or 
less the field engineer can expect flushing, rutting, and shoving 
because the load is being transmitted through the A. C. and not the 
aggregates. 

Compaction involves the compressive f rce of the roll er, the 
support of the underlying surface, and lhe forcer within the mix 
resi sting the roll er force. I I 

I 
1. Compaction Equipment 

These are basic types: 

a. Static steel -wheeled rol lers 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 
roll i ng. The f i el d engi neer shoul d occasional ly check 
these rollers far wear with a sharp metal straightedge. 
Scrapers, wetting pads, and sprilnklers should be checked 
for proper operation. I 

b. The use of a pneumatic rol ler in the compaction process 
i s strongly encouraged. Pneumati c roll ers 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 tire pressures. This 
flexibility in contact pressures makes the pneumatic-tired 
roller popular, but the field engineer 



, 

should also be aware that such equipment can do a poor job 
i f  tire pressure and wheel loads are not properly 
monitored. 

For assured results, the tire pressure and 1 oad must be 
tailored to the particular mix- and the support of the 
surface on which the mix rests. The field engineer should 
note the specified pressure on the tires and ensure that 
inflation pressure among a1 1 the tires is uniform. Again, 

, the wetting mats and sprinkler system should be checked 
for proper operation. 

1 

c. Vibratory rollers can potentially compact thicker 1 ifts 
to higher densities with fewer passes than the combined 

+ total of steel -wheel ed and pneumati c-ti red passes but they 
are al so capable of decompacti ng mixes, provi di ng 
inconsistent densification, and causing rideability 
problems. The affectiveness of this rol ler is control led 
by the frequency of vibrations, (2,000 to 3,000 
cycles/minute, minimum 10 impacts per line-ar foot, i s  
usually needed to prevent rippl ihg in the , pavement 
surface) the amp1 i-tude of the roller, (use the range 
recommended by the manufacturer) and roller speed. The 
slower the speed the smaller the impact spacing and the 
smoother the surface. Most modern vibratory rollers 
'automatically shut off when they are not rolling but the 
field engineer should assure this is happening. The field 

. engineer should also note whether the vibration ceases 
before the roller reverses direction and starts after 
travel in the new direction begins. If this does not 
happen indentations in the surface can result. 

. . 
2. Rollers 

A1 1 types of rollers have ce.rtain requirements in common: 

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

.at proper and consistent densi f i cati on, 
c.  no stopping and turning on tke fresh mat to prevent 

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

3. Sequence o f  Operation 
i 

The sequence of operation is broken down into three phases: 

a. Breakdown - where virtually all of the density is 
achi eved, 

b. Intermediate Rolling - where some additional density 
is gained, 
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c .  Finish Rolling - which may impart slight densification but 
i s  primarily used to finish the surface and take out 
previous roller marks. 

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

4. Stages of Roll ing 

a. Breakdown Roll i ng - is usual 1 y accompl i shed with 
steel -wheel ed roll ers. Static or vi bratory tandem roll ers bU 

are often recommended, but occasional 1 y pneumati c-ti red 
rollers with large diameter wheels are used. The field 
engineer should understand the importance of starting the w 

roller 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 roll ed. 

The same procedures should be followed when more than one 
lane is placed, but the longitudinal joint should be 
rol led first. The field engineer should ensure that the 
drive wheel of the roller is facing the direction o f  
paving, especi a1 1 y during breakdown because more vertical 
1 oad is appl ied to the mat by this wheel. The ti 1 ler 
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 may be a need to roll with 
the ti1 1 er-wheel forward but this is not common. 

b. Intermediate Roll ing - should fol l o w  breakdown roll ing as 
closely as possible so that maximum 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 the amount o f  distortion 
caused! by heavy traffic. Vibratoiy tandem rollers, when 
properhy used, can provide high stabi 1 ity through parti cl e . 

orienthion. Static steel -wheeled tandem roll ers 
sometibes are used for intermedia e rolling. Regardless 
of the roller type the fie1 d engi i eer should assure that 
the roll ler  pattern is developed in/ the same manner as f o r  
the bceakdown roll ing and that the pattern is followed 
until the required density is achjeved. 

I 

c. Finish Rolling - i s  done almo solely for surface 
improvement and i s usual 1 y with tandem stati c 
steel -wheeled roll ers or vi tandems w i t h  the 
vibration disengaged. The f shoul d ensure 



that the mat i s  still hot enough f o r  the removal of r o l  l er  
marks during finish rolling. 

B. Condi t lons and Factors . 

The field engineer must be aware of the important factors 
i n f  1 uenci ng the mix compactabi 1 i ty. Speci a1 attenti on i s call ed 
to (ES-9) pub1 ication from the The Asphalt Institute entitled, 
"Factors Affecting Compaction." Thi s contai ns an excel 1 ent 
dlscusslon of materials properties, course thickness, mix 
temperatures, weather conditions, compaction forces, and rolling 
patterns. Another good reference. is NAPA' s Superintendent ' s 
Manual on Compaction. 

C. hter ia l  s Properties 

a - 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. 

I 
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 
mix cohesion - too 1 i ttl e 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 roller. The mix is easy to compact, but the result is an 
unstable pavement. High viscosity asphalt in a normal mix usual 1 y 
makes compaction more difficult for these asphalts. Higher m i x  
temperatures may be necessary. Conversely, 1 ow 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 f o r  compaction. Temperatures are sometimes increased 
on thin lifts and decreased on thick lifts to provide more 
compaction time and increased. viscosity, respectively. 

E. Mix Temperatures 

The field engineer should recognize that mix tempe~ature is the 
single most important factor affecting compaction. Compaction can 
only occur while the asphalt is fluid enough to serve as a 
1 ubr i cant for the aggregate. M i x  temperature theref or"e must be 
tied to the viscosity of the asphalt. Higher mix temperatures and 
heavier rollers can assist 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. 



F, Weather Condl tl ons 

Ambient temperatures, base temperatures, and wind condi t ions 
g rea t l y  a f f e c t  compaction. The mix obviously cools f as te r  i n  
lower a i r  temperatures, but  wind can ac t  on a mix l i k e  the 
wind-chi1 1 f ac to r  does on a person. The stronger the wind, the 
f as te r  the mix cools and t h i s  can become a f ac to r  i n  the formation 
of a c rus t  on the surface o f  the mix which can cont r ibute  t o  
heat-checking under the compaction o f  steel-wheeled r o l l e r s .  The 
center o f  the mat can be much ho t t e r  and more f l u i d .  than the t ~ p  
o f  mat. The s t i f f  surface can then s l i p  w i t h  cracks opening t o  
the 318 inch t o  1/2 inch depth i n  the crus t .  Heat checking can 
be cured by 8-10 coverages o f  pneumatic t i r e d  r o l l e r s .  

Base temperatures also a f f e c t  the r o l l i n g  o f  the mix and the  
construct ion t ime avai 1 able f o r  compaction. The f i e l d  engineer 
i s  encouraged t o  review cessation char ts  which show the expected 
r o l l  i n g  t ime ava i lab le  versus mat thickness and base temperature. 

6. Compact1 on Forces 

The mix ture  has t o  be confined i n  order f o r  dens i f i ca t ion  t o  take 
place. Confining pressure w i t h i n  the mix general l y  comes from 
f r i c t i o n  between the aggregate p a r t i c l e s  and the v i s cos i t y  o f  the 
asphalt. Confinement and support are a lso provided by the surface 
on which the mat i s  placed. The subgrade must be f i r m  o r  
confinement o f  the bottom o f  the mix cannot be achieved. 

For steel-wheeled r o l l e r s  the overlap o f  the wheel on ly  needs t o  
be wide enough t o  confine the mix t h a t  i s  t h r u s t  up i n  the 
previous pass. This distance i s  usua l ly  no more than 6 inches. 

H. R o l l i n g  Pattern 

A r o l l i n g  pa t te rn  t h a t  w i l l  provide uniform coverage o f  the mat 
has t o  be establ ished and should be reviewed by the f i e l d  
engineer. It consists o f  the l oca t i on  o f  the f i r s t  pass, the 
sequence o f  succeeding passes, and the over1 appi ng between passes. 

General r o l l e r  pat terns  f o r  various mat thicknesses should be 
understood by the f i e l d  engineer and can be found i n  "Aspha.lt 
Paving Manual " (MS-81, The Asphalt Inst i tute.  In each case, t h i  ck 
or t h i n  l i f t  transverse j o i n t s  are r o l l e d ,  tnen long i tud ina l  
j o i n t s ,  then breakdown r o l l i n g  beginning a t  o r  near the low s ide 
o f  the mat. Ro l le r  overlap general l y  i $  no more than 6 inches as 
prev ious ly  noted. 

I. Control S t r i p  

How does the f i e l d  engineer know the number o f  passes requ i red t o  
g ive  the  desired densi ty? Control s t r i p s  are the answer and they 
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are strongly recommended for use on medium and high traffic volume 
highway projects. Control str lps are used t o  establish a rolling 
pattern for the type and nuhber o f  rollers t o  be used on a project 
for a particular mlx. Control s t r l p s  h e l p  establish the most simple 
and ecbnonri cal roll i ng pattern t h a t  provi des the requi red densi t y  , 
meets the surface to1 erance requi rements , and meets production 
requi rements. , < 

Determinations f rom the control str ip shoul d incl ude: approximate 
temperature of the mix arrivi ng on the project; approximate 
compaction time, roll e r  vibration, amp1 i tude,  and speed; number o f  
roller passes for optimum compactioi~ i n  the static and vibratory 

9 

modes; proper lap to match the pavement width;  and the approximate 
rolling zone. DYNAPAC's Procedures for Roll fng a Test Strlp i s  an 
excellent reference. 

Q 

A nuclear gauge i s  normally used t o  determine the optimum rolling 
pattern, however, cores are a1 so taken t o  assure there i s  a positive 
t i e  to  the theoretical maximum density. When density problems 
develop another control str ip should be run.  Appropriate changes 
may incl ude added roll ers; higher mix temperature t o  increase 
available rolling time; slower rolling speeds and changes i n  
frequency and/or ampi tude t o  i ncrease compaction. 

The field engineer should remember one important axiom concerning 
compaction. A good density specification i s  one that assures a 6 t o  
8 percent void range i n  the compacted pavement. Any mix, regardless 
of compaction d u r i n g  construction, w i  11 continue to densi fy by 
consol i d a t i o n  and particle reorientatf on during the f i r s t  three 
summers. The field engineer should be extremely concerned when 
testing indicates rolling has produced less than 3 percent a i r  
voids. The field engineer should suspect too much A.C. or f i l l e r  i n  
the mix or an error i n  testing. If there are no testing errors and 
the density was achieved i n  1 or 2 passes the pavement can be 
expected t o  rut and/or flush i n  the future. Redesign of the m i x  i s  
imperative. 

J. Density Tests 
a Density specifications vary from State t o  State. Some of the common 

means o f  specifying roadway density are: percent of maximum 
theoretical densi ty; percent o f  fie1 d 1 aboratory densi ty ; percent o f  

Q test strip density; and specified roller passes or roller time. the 
final method i s  generally unacceptable because i t  does not  relate to 
actual in-pl ace densities. The other lnethods are general ly 
satisfactory provided they are correl ated to maximum theoretical 
density i n  order t o  determine the true void content of the mat. 



The field engineer should be familiar with the field and 
1 aboratory tests for density determi nati.on o f  the finished 
pavement. Reference i s  made to ASTH Method o f  Test 0-2950, 
Density o f  Bituminous Concrete in Place by Nuclear Method, AASHTO 
T 166 (ASTM Methods o f  Test D-1188 and D-2726). BulK Specific 
Gravi ty or Compacted B l  tumi nous M i  xtures. 

Nuclear gauges must be calibrated regularly w i t h  standard 
calibration blocks provided by the manufacturer. Pavement cores 
should be routinely pul led to correlate with nuclear readings.. 
Nuclear gauges must also have compensations f o r  underlying surface 
densities when new mats are less than about 2 inches thick. 
However, there are now nuclear guages for thin lifts. 
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V I .  WORKMAWSHIP AND PR03ECT ACCEPTANCE , 
z ' "  

L '  

A. The Final Judgment 

For the most par t ,  t h i s  workshop has discussed the "dots"  and 
"don' t 's , "  the bad pract ices t o  "watch out  fo r , "  and the ways t o  
' t roub l  e-shoot" construct ion problems. 

A1 1 the t r a i n i n g  and a l l  the background and experience must be 
bo i  1 ed down i n t o  a " judgmentv c a l l  I .  " The inspect ing Federal 
engineer must make a decis ion on each and every Federal -a id  

-p ro jec t .  It must be decided i f  the ove ra l l  workmanship and 
P# q u a l i t y  cont ro l  o f  the contractor  o r  SHA has produced the highway 

product spec i f i ed  and t h a t  the p ro j ec t  wil.1 provide the safe, 
durable funct ion f a r  which i t was designed. 

m 

A t  f i n a l  inspection, the acceptance o f  the p ro j ec t  should be based 
on observations o f  th ree areas: 

1 . conformance t o  speci f i ~ a t i  on and design c r i  t e r i  a, 
2. s k i d  and safe ty  fac tors ,  and 
3. appearance and r i d e a b i l i t y .  

B. Conformance 

I t  i s  d i f f i c u l t  a t  times t o  determine reasonable conformance t o  
spec i f i ca t ions  and design c r i t e r i a .  I f  previous inspections o f  
the p ro j ec t  have been made, they should be revi,ewed. Also, weekly 
reports,  d ia r ies ,  and p ro j ec t  t e s t  r e s u l t s  can ind ica te  
construct ion prdblem areas. Number and type o f  construct ion 
change orders tend t o  high1 i g h t  areas where e i t he r  the design, the 
spec i f ica t ions,  o r  the normal construct ion process cannot be 
achieved. It i s  important t h a t  the change order, major or  m i  nor, 
does not  modify the intended purpose o r  basic scope o'f the p ro j ec t  
nor m i t i ga te  the overa l l  performance and product acceptance 
wi thout  proper j u s t i f i c a t i o n  and approval. 

That i s  not  t o  say t h a t  we must b u i l d  what i s  designed; we must 
bui 1 d i t  as designed and speci f ied,  o r  f o l  1 ow the accepted process 

a t o  modify both. 

C. Safety Factors 

A primary ob jec t i ve  o f  any Federal-aid p r o j e c t  3R, 4R, or  new 
construct ion i s  one o f  sa fe ty  t o  the t r ave l i ng  pub l ic .  No p ro j ec t  
should be constructed (o r  accepted) w i t h  unsa t i s fac to ryc  safe ty  . 

fac tors .  proper considerat ion must' be given t o  geometries and 
alignment and t o  cur rent  safe design standards and prac t i ces  
dur ing p ro j ec t  devel opment. I f  dur ing construct ion, design 
overs ights were found, they should be corrected whenever 
p rac t i ca l  . 



I f  i terns are substandard but  are  found not to be cost-effective t o  
correct, t h a t  decision shoul d be properly supported and documented. 

D. Appearance and Rideabf 1 f ty 

The traveling public judges each project on appearance a l ~ d  
rideability. These two factors alone many times will cause a SHA :o 
do more work on a recently accepted project. Final project 
appearance and rideabil l ty reflect on the degree of construction 
q u d l i  ty  control. The area engineer should use his judgment when 
accepting a poor-riding project. Even if  the SHA does not have 
end-product rideability specifications, emphasis on workmanship and 
control -of-work shoul d produce a better project next time. 
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VII. REVIEW OF PROJECT DOCUMENTATION 

A. Purpose 

The primary purpose o f  reviewing p ro j ec t  f i l e s  i s  t o  v e r i f y  t h a t  
the SHA i s  exerc is ing and documenting qual i t y  and quan t i t y  cont ro l  
t o  provide a basis f o r  p ro j ec t  acceptance and t o  support 
subsequent reimbursement o f  p ro j ec t  costs w i  t h  Federal -a i  d funds. 
A secondary purpose i s  t o  ensure t h a t  the SHA i s  inspect ing the 
contractor  ' s f aci  1 i ti es, equipment, and operat i  ons t o  assure 
spec i f i ca t ion  compl i ance and subsequent product acceptabi 1 i t y  . 

rJ 8. Pre-Operation Chbcks and Material s Approvals 

A number o f  mater ia ls  approval procedures and q u a l i t y  checks are 
p re requ is i te  t o  f l e x i b l e  pavement construct ion. Checks o f  these 4. 

items should be included i n  the area engineer's review o f  the 
p ro j ec t  documentation f o r  qual i t y  and quan t i t y  con t ro l .  Examples 
o f  such records are mater ia ls  source acceptance, the submission 
o f  samples o f  j ob  mix mater ia ls  f o r  mix design, mix design 
calculat ions,  c e r t i f i c a t e s  o f  mater ia ls  such as add i t i ves  which 
may be accepted f o r  use p r i o r  t o  o r  i n  l i e u  o f  SHA tes t ing ,  
sampl i ng and t e s t i  ng schedul es, prequal i f  i c a t i  on o f  personnel and 
equipment, and inspectors '  repor ts  o f  checks on the p lant ,  paving 
machines, and other equipment. 

C. Project Qua1 i t y  Control 
i 

Evidence o f  p ro j ec t  qual i t y  con t ro l  may be obtained from a v a r i e t y  
I O f  sources inc lud ing p ro j ec t  d ia r ies ,  inspect i  on reports,  
I 
I materi  a1 s c e r t i f i c a t e s ,  t e s t  reports,  summary books, f i e l d  books, 
I cont ro l  charts, and notes on p ro j ec t  plans. These records should 

be reviewed t o  ve r i f y :  

t h a t  the SHA i s  adequately cont ro l  1 i ng  the p ro j ec t  througki i t s  
inspect ion and t es t i ng  a c t i v i t i e s ,  * t h a t  the contractor  i s  successful ly  performing qual i t y  cont ro l  
a c t i v i t i e s  i n  accordance w i t h  the terms o f  the contract ,  

I a t h a t  mater ia ls  incorporated i n  the completed work comply w i t h  
I 

2a requirements o f  the plans and spec i f ica t ions.  

0. Materi a1 s Acceptance Teeti ng 
\.B 

I n  add i t i on  t o  checking mater ia ls  records f o r  compl iance w i t h  
spec i f ica t ions,  the area engineer should seek assurance t h a t  the 
requ i red frequency and d i s t r i b u t i o n  o f  acceptance sampl i ng  and 
t e s t i n g  i s  accomplished. The f i e l d  engineer should a lso check t o  
see what procedures the State fo l lows t o  assure t h a t  sampl i ng  w i l l  
be done when and where. needed. Techniques f o r  the se lec t ion  o f  
random Samples should a1 so be reviewed t o  ensure unbiased sampl i n g  
and tes t ing .  



Simi l ar procedures for the selecting and obtaining o f  independent 
assurance samples is of concern. Schedul i ng may be critical where 
sampling personnel must travel a considerable distance to service 
a number o f  projects. 

Where in-place samples such as test cores are taken, the area 
engineer should determine if an effort is made to correlate 
locations with the location o f  samples taken prior to laydown. 

Time1 iness in obtaining test results is important since prodtactiorl 
adjustments or corrective actions may have to be made on the basis 
of test findings. The relationship between job control and 
acceptance testing, and procedures for resolving differences 
between the different test results should be clearly understood. 
A1 lowabl e to1 erances 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 
clearly 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 actions are taken. 

The area engineer should review the testing, monitoring tools, anc 
techniques used by the contractor and SHA to control and evaluatt 
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 analysis test procedures and supplement material s test 
analysis conducted on the project. The reporting of quality 
levels may be required by the FHWA region 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 responsi bi l i ty to ensure t h a t  the highest qua1 ity 
product within reason (judgment) is being produced. 

E. Pay Quantities 

The area engineer should review the SHA procedures used on the 
project far measuring, checking, and recording pay quanti ti es. 
Occasional spot checks should be made to verify that field nates 
are transferred to summary books, which in turn are transferred 
to progress estimate forms. Identi f i cation of nonspeci f i cati on 
materials should also be included in the spot check procedure to 
verify that payment is not made for this material. 

I 
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F. C r i t l c a l  Items 

While occasional checks should be made on a wide var ie ty  o f  items, 
the area engineer's review o f  p ro jec t  qua1 i ty documentation shoul d 
1 argely be d l  rected toward those features and charac te r i s t i cs  which 
are the most c r i t i c a l  t o  the qua l i t y  o f  the - f in ished product. 
Gradation checks should concentrate on f i nes  and c r i t i c a l  cont ro l  
sieves. Asphalt content and voids are o f  continuous concern. 

Density i s  the most important i tem where cont ro l  needs t o  be 
demonstrated during the construct ion operation. I f  densi t y  i s a 
problem, increased a t ten t ion  should be given t o  checking such items. 

i 

as temperature, gradation, mix design, etc., which cont r ibute  t o  
density. Stab i l  i ty i s  extremely important during design bu t  w i l l  
probably not  vary much during construction. There i s  no subs t i tu te  

a f o r  the area engineer's good judgment i n  determining how inspect ion 
time should be spent. 
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