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ABSTRACT

The primary purpose of this report was to analyze the
various methods wused by state transportation agencies for
determining contract time. The analysis consisted of a
discussion of the wvarious considerations and ramifications
of highway construction contract time determination, and an
examination of the wvarious procedures followed by state
agencies aCross the country in determining contract
durations with the use of survey information received. For
the purpose of this report, contract time was considered to
be synonymous with contract duration.

Evaluation of survey responses revealed that for the
majority of <cases, there are four basis for which contract
time 1is determined: construction season limits, quantity or
production rates, work-flow techniques, and estimated costs.
Most commonly it was found that a combination of two or more
of these are wused to determine contract durations. These
findings were in close agreement with those discussed in
Transportation Research Board Special Report 79, Contract
Time Determination.

With the belief that the wuse of productivity rates
plays an important role in determining highway construction

contract durations, special attention was given to methods
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§
? gggg involving these rates, with a comparison made of work item
productivity rates from several states. A comparison of

these rates is found in Appendix A.

A Based on analysis of the various methods used by state

iy transportation agencies in determining contract time, this s
W report proposes that, with the exception of large, complex

4 projects, simple bar charts be used for this endeavor. A
step~by-step approach to this method 1is outlined in the

? final chapter of this report.
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CHAPTER I

-

INTRODUCTION

- wowrr u_x

; A. Background. L

| An essential ingredient in any highway construction g
: contract 1is the amount of time allowed to complete the :

work. Because of the Jincreasing complexity of modern ;?

), highway construction projects, the nature of the &

67. contractual relationship between contractors and public L.

i R
SEE

agencies, and the desirability of timely completion, sound

engineering Jjudgement and careful planning is critical in

establishing the contract time for a pzoject.1 Considerable s

time and effort 1is devoted by many state transportation

agencies towards setting reasonable highway construction

contract

durations, because each day of work beyond the -

completion date generates proportional costs for
2

project

the agency, the road user, and the general public.

Because most present-day highway construction projects

are directed more towards the improvement of existing

roadways rather than the construction of new ones, the

affects of close working conditions, traffic interruptions,

1

‘ﬁ
)

3 _\:,‘V“.‘v al ?,"\'\-,}"}, \"v.r\’v,:"'I -J‘»‘.“‘-"-""-f‘n_/"_-‘V'J"-f' -‘ - A I A AT AL N .,’_*‘ “f‘i‘ 2
A A B A 0 S8 A e Pl N NN, Sl o » - »




EER RN DA VUL WALNL W Mo avitatyaty 2ty g¥ U XA TR RN AR KA OO WA N VA A U UV A SN O T DWW T Ly DY OO (5

ap ot v

%{' conflicts with exlsting structures and utilitiesz, and )
\ political and regulatory encumbrances must all be taken 5
:‘ into consideration when determining contract durations. %
; It is these considerations that agencies are responsible %
1 for acknowledging when determining contract time allowed

for project completion.

s o 7

»]
Because of the repetitious nature of work items ;
i involved in highway construction, one would think that the w
X )
:‘ methods used in determining contract durations would be i
1
\ quite similar from one state to the next, but upon :
K investigation, it is found that many methods, and
o :
i combinations of methods, are used across the country. The .
' "
: égr\ degree of complexity and effort range from conceptual time Q
1Y .
| J
. o estimating to a detailed critical path method (CPM) Y
; analysis of the project. Techniques that rely on ;
9 individual Jjudgement contrast with those that draw heavily "
on historical data accumulated by an agency. v
”
"
E
' B. Objective. ]
The objective of this report was to first discuss the 3
N \
: various considerations and ramifications of highway &
[y
: construction contract time determination, and then analyze \*
o the wvarious procedures followed by state agencies across :
y the country in determining contract durations with the use .
. of survey information received. Comparisons were made, and 5
7 conclusions and recommendations offered on their wuse.
' (k'. » 2 p
t
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' &a@& With the belief that the wuse of productivity rates "
U
; plays an important role in determining highway construction 3
‘ 2 d
B contract durations, special attention was given to methods J
L) t
K involving these rates, with a comparison made of work item 3
g productivity rates from several states. A comparison of -
g these rates is found in Appendix A. :
: ‘
A1
]
: :
b X
i' l
L
. 4
; 3
! ii?h 3
S ’
. ”v
p '
'l
. ¥
t. . g
b
»
3, .\
D -
[ "
\ "
D !
H t
b' )
) B
; 3
J. D'
y .

[ 4
-&}
w

, ¢, ﬂﬂ'&"&'fmy 850,000, 0e ' ! . -"h'\" M &,




KRV TRA R 9,4 AN

X RS

)

i

N)

6'

o

[}

F 1

"

0

!

)

t

y

K

L3

1

K

3

'Q

0

Y

W -

t. L

[

‘ N -
f
?

D

.l
4

)

)

"

W

D

4

[

of

d

4

| o

k »

4 -

k) OP
s o
A

" ™
&

h P
T O ‘.l'u!l BLGALINGON

. " Y
WL N N Y WU WU WU e W M XA XY UYR

CHAPTER II
RESPONSIBILITIES AND CONSIDERATIONS

IN DETERMINING CONTRACT TIME

A. Highway Construction.

construction is unique from most other

Highway
categories of construction in that it is very equipment and
field material oriented. Projects of this type are
characterized by 1large numbers of power shovels, tractor-
scrapers, pile drivers, draglines, large cranes, heavy-duty
haulers, paving plants, rock crushers, and associated
equipment types.3 This class of construction covers such
things as clearing, excavation, £ill, aggregate
production, subbase and base, paving, drainage structures,
bridges, traffic signs, 1lighting systems, and curb and
gutter.

Because most highway construction differs very little
from one contract to the next in comparison to most other
types of construction, it 1lends itself most readily to
planning and scheduling efforts that can be depended upon.
It 1is this repetitiveness that aids state agencies in

determining construction contract durations.

- BT e &
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I e B. Defining Contract Time.

Before an evaluation of the methods of determining
contract durations can be approached, the actual definition
] of contract time should be defined. Not surprisingly, this

definition varies from state to state and from contract to

-
iy

ﬁ' contract. Contract time can be based on an estimated

% number of working days or calendar days or on a specific E
n completion date, which may be established by computing

% working days or determined by external influences.4 The i
g American Association of State Highway Officials defines ;
. calendar days and working days as follows:

g Calendar day. Any day shown on the calendar beginning f
& Y and ending at midnight. i
) ﬁg' Working day. A calendar day during which normal ¢
? construction operations could proceed for a major part of a '
3 shift (Saturdays, Sundays, and holidays are usually }
g- excluded). .
§ Controlling items, or items of work that are large in :
?} volume, require lengthy periods of time for completion, or '
S are on the <critical path of a precedence diagram are

f usually the basis for «charging a work day.5 Typically, E
i: working days are charged to a project when conditions for f
4 more than one-half of a normal shift is suitable for work. Y

g
-
-

This varies, however, as several agencies often charge only

A

fractions of a day.

B
R R 5 -
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A calendar~day contract i{s not necessarlily the same as
a specific completion date <contract. Contracts of these
types may or may not include provisions for guaranteed work
days or a specified number of days per month. The most
common types of contracts used by state agencies across the
country are completion-date contracts, with or without a
guaranteed number of working days. The following
completion-date contract specifications were derived from

several states6

Completion date (specific). The contractor must have
all (essential) work completed by a specific date without

regard for working days.

Completion date {guaranteed working days). The
contract completion date can be extended if the contractor
has not had available the number of working days as stated
in the contract. Either the number of working days for
each month or the total number of days for the contract

period may be stipulated.

The North Carolina DOT Standard Specifications defines
contract time as: "The number of calendar days inclusive
between the date of availability and the completion date,
said dates being set forth 1in the special provisions,
including authorized extensions to the completion date."
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C. Determination, Review, and Approval Procedures.

Direct responsibility for determining contract
duration wvaries from state to state depending generally on
the method used 1in establishing contract time limits. 1If
the procedure used 1is the «critical path method, or
something on a similar level, design team personnel within
a transportation department typically prepare the first
estimate which is then reviewed by the department's
construction division. If experience or construction
seasons are the basis for determining contract durations,
construction unit personnel will usually have the
responsibility for setting the time 1imits.7

Regardless of who the 1individuals might be that
determine contract duration, it 1is of utmost importance
that a construction data file be maintained for such items
as production rates, time, weather effects, job conditions,
etc. over the previous 3 to 5 year period for all jobs.
The determination of reasonable contract durations can only
be expected with the use of reliable historical data.

In Florida, the determination of contract duration is
performed at the district level by the District Estimates
Engineer during the design phase of a project; this is then
reviewed by the District Construction Engineer.8 Contract

durations in some agencies are set by the district office

with the anproval of the headquarters' design or
construction section (see Figure 2.1). The headquarters
7
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level of other aqgencles zet contract durationz with
districts having input on major or critical projects.
Minor projects in these cases might go directly to the
contract office (see Figure 2.2). A chart showing the
procedure for determining contract time in Georgia is shown

in Figure 2.3.9

D. Factors Effecting Contract Time.

The contract time set by an agency may require some
adjustment because of external factors that affect the
construction progress or necessitate the completion of a
facility by a specific date. These includeloz
~Coordination requirements
-Commitments

-Effects on road users and others, and

-Financial requirements.

Coordination Requirements

One important coordination requirement involves staged
construction. Because delay in completion by one
contractor may result 1in claims for delay by a subsequent
contractor, some contracts or portions of contracts must be
completed by a specific date. 1In these cases, it is often
best to make wuse of a specific-date type contract with a
high rate of 1liquidated damages rather than a working-day
or calendar-day contract. Using the latter methods can
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quite easily result in follow-on contractors being put at a

disadvantage due to relatively minor delays incurred by the

first-stage contractor such as delays caused by weather or (

P e W = e

material shipments. Additionally, because it is the state

agencies that determine working days available, it is they

]
. that are most wvulnerable to claims as a result of late

contract completion by an earlier-stage contractor.

Another common requirement in coordination involves

b the delivery of materials. Bituminous materials, cement,

and other essentials necessary 1in road construction that

are most wvulnerable to shortages during peak construction

periods can cause serious contract delays. One way to

-,

handle the problem is to schedule completion so that the

e e i g

stages will be completed before shortages

critical

develop. In some cases, contracts for major structures are

separately at earlier dates in order to ensure that
11

awarded

materials are delivered on time.

D Some of the most difficult coordination requirements

y an agency might face are those that involve other events

such as the coordination of the completion of a :

facility with urban renewal, the opening of

transportation

a major shopping center, construction of a wutility or

railroad project, or other special events.12 As with

[

staged construction, specific completion-date contracts

with sufficiently 1large amounts of liquidated damages are

~ best suited for this type of construction. N
it ; ;
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District or Headguarters

Region reviews and Y
prepares adjusts time '

¢ - X
k) time estimates
! estimates

U S

Engineering

Service or Headquarters
iy Contract Office approval
! prepares contracts

Fiqure 2.1 Contract Time Determination and Review
Originating at the District Level.

Headquarters District
prepares time —Major-Projects—-{ reviews and v
(
¢

f estimates adjusts

Minor|Projects

A Contract Headquarters
f Branch — approves time
prepares contract limits :

Figure 2.2 Contract Time Determination and Review
) Originating at the Headquarters Level
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OFFICE OF DISTRICT OFFICE DESIGN OFFICES
BRIDGE DESIGN (DISTRICT ESTIMATOR {ROAD AND URBAN)
OR OTHERS)

P

Prepares time Special Provision
Provisions estimate in Lighting, Rest
and Major work days Areas, Weigh
Structures Stations, etc.

[ F-P? LN

OFFICE OF OFFICE OF
MATERIALS TRAFFIC AND
AND
RESEARCH

Special Provision
Specialty Safety

Items Improvemen:
Projects

'

OFFICE OF
CONSTRUCTION

-General Review
-Coordinates Projs
-Sets Calendar
Completion Dates
Based on Rec'mded
Work Days

?
OFFICE OF ASSISTANT
ENGINEERING STATE HIGHWAY

SERVICES ENGINEER

-General Review -Reviews and
-Coordinates Projs approves inter-
-Initiates Special state contract
Provisions time

-Reviews Special
Provisions

¥

OFFICE OF
CONTRACTS
ADMINISTRATION

-Places Contract
Time in Proposals

gﬁg& FIGURE 2.3 Procedure for Determining Contract Time (Georgial.
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Without proper coordlnation, c¢ontract delays may be
encountered due to utility work delays. Avoidance of
unnecessary street cuts or other utility work that often
follows highway or street paving can be realized with
proper attention given to the <coordination between
transportation and utility departments.

Commitments

State agencies occasionally make commitments to local
governments that certain projects will be completed by a
specified date. Because of the pressure to fulfill these
commitments, these type contracts generally specify a
mandatory completion date.

Effects on Road Users and Others13

The demands of traffic 1in urban areas have caused
agencies to be extremely careful when setting completion
dates. High traffic volumes can greatly delay a
contractor's work, and at the same time, construction work
can seriously impede traffic. A lengthy detour around a
project will generate considerable costs in terms of time,
fuel, and maintenance. Travel on a project site that is
hindered by construction delays also increases road-user
costs in terms of time, safety, and convenience. The
increase in such <costs 1is 1largely affected by field
conditions, the degree of completion of the project, and

the adequacy of provisions for traffic maintenance and

protection. On the other hand, if a contractor were to
LY
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¥ §§§§ initiate double shifts to complete a project by an
unreasonable date, greater exposure to hazards and traffic
o disruptions might result than would occur with the

q expeditious continuation of work with moderate use of |

0 overtime. Therefore, establishing a tight, optimum 4
:‘ 3
§

ﬁ completion time cannot be justified in all cases solely by

L}

'y

R road user costs.

Roads under construction generally have a detrimental

-
-
-

oG

impact on business and abutting property owners, even when A

v
-

ex

@ contract provisions have been included to cover this ]
X situation. However, once the roadway and driveways are 4
§ paved, the impact of minor completion work is generally :

‘% 2 negligible. For this reason, it may be desirable to assess

™ ﬁ' working days and 1liquidated damages on one 1level when

: traffic or access Is disrupted and assess them on a smaller

l level for failure to complete minor work on time. \
% Financial Requirements :
g' State financing and budgeting personnel across the J
ﬁ countryi are mixed on their feelings towards the importance

w of precise computation of contract duration for purposes of :
3, budgeting. Some agencies feel that there are too many ;
% other factors affecting the expenditure rate for this to |
- have any significance, while others feel that contractor 3
: payments and contract time are major factors in predicting A
2 cash flow. 5
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Engineering manpower and szupervizion coszstz are also )

P
g

' important considerations when establishing contract {
1 ),
. durations. The conservation of these costs may be realized g
: ’ ‘1
: with proper planning on the part of state agencies. )
i =
4 . ¢
¢t E. Working-Day Time Charges. N

An agency's policy for making time charges and
" granting extensions naturally has a direct effect on the n
N completion of construction projects within the allowed 3
: contract time. If an agency expects its calculations in
determining contract durations to be predictable, it is

essential that the <charging of time on all contracts be

o consistent and reasonable. wWhen lenient policies are "
:; ﬁ’ followed on some projects and more harsh policies on '
§ others, time and effort devoted towards -establishing f
? reasonable contract durations may be wasted. As discussed y

above, controlling or major work items identified by the

K agency are generally the basis for charging time on a b

A e .

. project. Another key consideration is the amount of time
in which the work may be completed. ;

Several factors which effect the amount of working

y & & U % 5y

days charged to a construction project are left to the

- e e -

discretion of the project engineer. Typically these include

i' 'D
) !
s
N adverse weather conditions, material shortages, delays in §
F
y material deliveries, and 1labor problems. Factors that ,
N ;&Q« generally receive automatic extension of time on a N,
e L}
: ol 14 )
+ 3 [ ] . “
! )
[}
)
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contract, or result in possible working days not being
charged include agency delays, additional items of work,
quantity overruns, utility adjustments, coordination with
other contractors, scheduled public events, or delays
caused by things such as fires, floods, war, or sovereign
acts of government.

The effect of adverse weather on a project can be
difficult to determine. Large projects may encompass
various sites that may experience slightly different
weather conditions. Additionally, an evaluation must be
made as to whether or not controlling items of work have
been effected by the weather. Where cold temperatures
might halt pavement striping, they would probably have
miaimal or no effect on work items such as guard-rail
placement, except 1in the case of frozen ground. Accurate
documentation of weather conditions on a daily basis is
essential in avoiding 1later arguments and claims by the
contractor that weather conditions were not favorable
enough to allow work on particular days.

when there 1is an unforeseeable shortage of material
beyond the <control of the contractor, general practice is
to not charge resulting delays as working days. Unless
there 1is an industry wide shortage in which an agency would
already be aware of the situation, the contractor Iis
responsible in providing documentation to the agency

proving that the delay was beyond his control. This

15
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1 Qf”’ documentation may include a letter from the manufacturer or

vendor stating the reason for the delay along with the date

-
-

that the contractor ordered the material.

P g

Sometimes, when determining contract durations,

agencies fail to take into consideration long lead times
necessary for the fabrication and delivery of some

materials required on a project. If a contractor can show

h e ol

that he placed an order in a timely manner with a reputable

LA
A

v e ..

$ supplier, the fabrication and delivery times for that
E material are reasonable, that the material couldn't have
: been supplied sooner by any other available supplier, and
r: the delivery of these materials causes a delay, then the
3 Y delay is generally not charged against working days.
- iLg Labor problems incurred by a contractor which create
f shortages or cause delays are generally given due
i’ consideration by most agencies, even on completion-date 3
e projects. Labor strikes involving a contractor's employees
: would result in delays that would be easily calculable,
s however, the influence of strikes remote from the work area y
S which might hinder a necessary supply of material to the
K] project, although harder to determine, should also be
% considered when charging time.
U Right-of-way and access problems that delay the start
;: or continuation of a ~controlling work item are agency- G
3 caused delays which are considered sufficient justification .
. for not <charging work days to a project. 1In fact, the
kB
Y 16
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e “
$ %gg; Supreme Court of Montana has ruled that an agency's delay :
0 in furnishing a highway right-of-way was a breach of (
g contract for which the Montana State Highway Commission was :
3 liable.14 Other agency caused delays might be the result t

of design changes or errors in field work on the part of

D

i the agency. In any case, agencies are generally quite f
D

o liberal when charging work days or granting time extensions

when the reason for the delay was due to their own actions

q or 1inactions. 1In today's litigious society, this policy is ‘
N}

§ normally deemed prudent as agency delays may result in ;
) liability for such things aslsz

f A -Overhead expenses of the contractor and '
Iy, iﬁ;- subcontractors (for both home offices and field offices) '
Q attributable to the delay. (
if -Equipment costs for each additional day equipment '
‘ must remain on the site.

3 -Escalation in 1labor «costs due to increases in wage {
E‘ rates during the delay period.

f -Direct costs of delay including such items as extra

» ‘
L labor. ‘
3

d -Labor inefficiency where scheduling 1is disrupted

N owing to the delay, and the work forces are not used at ;

P
-

normal efficiency.

—
-

LA
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Tt has become almost standard practice to include
contract provisions for liquidated damages in construction
contracts. Such provisions have been found valid by the
courts as a method of compensating a party, in this case an
agency, for costs and delays incurred when a project is not
completed within the contract time specified. This Iis
considered by the courts as a breach of contract.

The main benefit to the contractor of 1liquidated
damage provisions is the avoidance of subsequent claims for
damages. If a contract does not contain a liquidated
damages provision, the contractor 1is 1liable for actual
damages it causes by 1its delay. Liquidated damages are
used in 1lieu of a determination of the actual damages
suffered.

In order for an agreement fixing the amount of damages
made in advance of a bhreach to be enforceable as a contract
it must be shown that (a) the amount so fixed 1is a
reasonable forecast of just compensation for the harm
caused by the breach, and (b) the harm that is caused by
the breach is one that is incapable or very difficult of
accurate estimate [Barr & Sons, Inc. v. Cherry Hill Center
Inc., 217 A.2d 6321 (N.J. Super. Ct. 1966)]).

In the event that the requirements stated above have
not been met, for example when damage amounts are deemed
excessive or unreasonable, liquidated damages provisions

18
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W @ggg may be considered penalty clauses which are unenforaceable.
L)

In this case, an agency would either receive nothing or the

i
N .
g' recovery would be limited to actual damages incurred. y
)
g, The items most often considered when estimating :
y amounts of ligquidated damages are16:
“ g
b f
‘. U
] -Additional costs of engineering, administration,
q g
@ etc.,
f -Loss of time, t
3] \
3 q
* -Increased operating costs and safety for facility t
users, and
&

¢ Y
2 -Damage and inconvenience to adjacent property owners. |
i :
ty
L 7
. é:: Typical schedules for 1liquidated damages in relatlion .'
Wy
i) s
5 to original contract amount are shown in Figure 2.4.17 Use :
# )
x of these type schedules simply reduces the effort required :
o when preparing contract specifications. As can be seen, N
7' t
i rates vary from contract to contract.
...
M

F. Inceptive Payments. -
{ One way 1in which agencies can keep the amount of 3
,? construction time to a minimum 1is to include incentive :
- clauses in the contract. Such provisions provide for a o
v
3 bonus for each day of early completion and liquidated h
13 damages for late completion. When used, bonus payments are ﬁ
» ¢
“ ﬂfzﬁ usually equal to the benefit of early completion. A "
) Wpte! '
" &5‘ 19
1
K '
) '
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Original amount of contract
For more To and
Than Including

0 $
25,000
50,000
100,000
500,000
1,000,000
2,000,000

25,000
50,000
100,000
500,000
1,000,000
2,000,000

*
Calendar day amounts are applicable

ba® g0 €2t 0aV A0 ‘b b

SCHEDULE OF LIQUIDATED DAMAGES

Per diem Amount of
Liquidated Damages
Calendar Day Workday

$ 30 $ 42
50 70

15 105
100 140
150 210
200 280
300 420

when the contract time

is expressed on the calendar day or calendar workday or

fixed date basis.

Schedule of Deductions for Each
Day of Overrun in Contract Time

Original Contract Amount

From More

Than

$ 0
25,000
50,000

100,000
500,000
1,000,000
2,000,000
3,000,000
5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

35,000,000

To and
Including
$ 25,000
50,000
100,000
500,000
1,000,000
2,000,000
3,000,000
5,800,000
7,500,000
15,000,000
20,000,000
25,000,000
30,000,000
35,000,000
and over

%
Dajly Charge
Calendar Work
Day Day
$ 30 $ 42
50 70
75 105
100 140
150 210
200 280
300 420
500 700
750 1,050
1,500 2,100
2,000 2,800
2,500 3,500
3,000 4,200
3,500 4,900
4,000 5,600

tl‘he daily charge shall be made for every day shown on the
calendar beyond the specified completion date; and, when the
time limit is specified as working days, the daily charge
shall be made for each additional working day, computed as
specified in Article 108.04.

Figure 2.4 - Typical schedules for liquidated damages.

I A A A A R I T A T oS

20

X R R RN I

AR ARt At



z
s
R
Q
f‘: % Charge for liquidated damages for each day of delay
iy AABMK) e e e e e e b
" Original contract price Calendar Day or :
®  mTomemmosoosooooeoooeoe Specified
h From more To and Completion Working Day
$ than- including- Date
-« \
b $ 0 $ 50,000 $150 $210 .
‘ 50,000 100,000 250 350
" 100,000 500,000 400 560 f
K 500,000 1,000,000 500 700 !
g_ 1,000,000 2,000,000 600 840 '
d' 2,000,000 700 980
4
M)
5 LIQUIDATED DAMAGES. Unless otherwise provided
P in the contract, liquidated damages will be in X
$ accordance with the following schedule: '
1y .
f Original Contract Amount Dally Charge
b From To And -
o More Than Including d
W $ 0 $ 25,000 $ 30.00 y
» 25,000 50,000 50.00 :
: 50,000 100,000 75.00
. & 100,000 500,000 100.00
i 500,000 1,000,000 150.00 3
R 1,000,000 2,000,000 200.00
x 2,000,000 ~-=-m--—- 300.00 e
N :
‘l'
M)
B)
" Schedule of Liquidated Damages for
% Each Day of Overrun in Contract Time. .
) d
K Original Contract Amount Daily Charge !
N From To and Calendar Day /
More Than Including or Fixed Date Work Day
3 § 0 $ 25,000 $ 30.00 $ 42.00
y 25,000 50,000 50.00 70.00
N 50,000 100,000 75.00 105.00
4 100,000 500,000 100.00 140.00 .
- 500,000 1,000,000 150.00 210.00
1,000,000 2,000,000 200.00 280.00
= 2,000,000 4,000,000 300.00 420.00
N 4,000,000 7,000,000 400.00 560.00
7,000,000 10,000,000 550.00 770.00 Z
13 10,000,000 = ---------- 700.00 980.00
' 5
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Figure 2.4 (continued)
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vort 1= normally used only for projects

r

% provision of this

that are time-critical.

4 This concept is also sometimes referred to as "reverse

kK - ,16
liquidated damages,

whereby damage amounts for both X

owner -caused delays and contractor-caused delays are

stipulated in the construction contract. An advantage to

o e

Y the agency when wusing this type of provision is that a

ceiling 1is placed on the amount of damages that can be

demanded by the contractor for agency-caused delays.

[ In a survey of state transportation agencies conducted
‘4

by the National Transportation Research Board, only 10 of

43 respondents indicated that they provide for incentive

payments on construction contracts. The reluctance on the k

i;? part of agencies to use such provisions is due to argquments
19,

that include

-Difficulty in budgeting an amount for bonus payments.

-Need for additional data to decide on an amount or

rate.

~Value received may not be proportional to the

additional cost.

~Increase in claims by contractors.

~Provision in contract for liquidated damages is

sufficient incentive.
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of CONTRACT #33482

# , FAI Route 94 3
5 ; Section y
IR 1975-118-R&BR .

Cook County

]

2' SPECIAL PROVISION--INCENTIVE/LIQUIDATED DAMAGES :
&1 (]
% Because time is of the essence in comgleting the contract work !
] Sections 108.10, 102.07(c), and 102.07(f) of the Department's

Standard Specifications for Road and Bridge Construction are
hereby deleted in their entirety and "the following is
substituted therefor:

5 FAILURE TO_COMPLETE THE WORK ON TIME

\
4 ggaxﬁguuo LQ%ES ) , ) ¢
o ou e Contractor fail to complete all the work including ¢
) cleanup on the northbound lanes as requlred by this contract, ,

on or before October 31, 1979, the Contractor shall be liable
to the Department for each calendar day after October 31, 1979

Ky as 1i8u1dated damages and not_as a penalty, in the amount of X
o 16,000. Such daily amount shall continue to accrue until such :
i« time_ as all work on the northbound lanes under this contract is

;ﬁ completed. Provided, however, if this contract is part of a .
o combination bid award, such daily amount shall continue to \
o) accrue regardless of completion of work on the northbound lanes '

under this contract until %1; work on contracts which are a
part of the combination award has been completed.

\]
} INCENTIVE PAYMENT 3
‘4 g &
)
o Sgouyg gge Contractor complete all the work on the northbound )
" 200 lanes 1including cleanup, as reguired by this contract; before X
* et September 30, "1979, the Contracfor shall be entitled to 35,000
. d as an individual 1incentive payment for each calendar ag 0
| N completion prior to  September 30, 1979. No individual

) incentive gayment will be made should any work not be completed
e

I before September 30, 1979, regardless” of any extenslon of

e time. Individual incentive payments shall in no event be paid

W for more than 50 calendar days. 1If this contract is part of a

" combination award, no individual {incentive payment shall

) commence on this or any other contract which is a part of the

. combination until all work on contracts which are a part of the

ﬁ combination award has been completed. A

’ Should work on the northbound lanes be completed for all :

3 six sectlons of the Edens Expressway reconstruction as covered h

y bg this__contract _and_ by Department contracts numbered 33434, \
33470, 33461, 33432, 33433, the Contractor shall be entitled to 1

an additional 35,060 as a_ cooperative incentive payment for
each calendar day of completion prior to September 30, 1979.
No cooperative incentive payment will be made solel because
the Contractor has finished early and no cooperative incentive
paYments will begin to accrue until the date of completion of
all work on the  northbound lanes under this contract and the
five contracts enumerated above. The Contractor and the
Department recognize that the prosecution of work by other
contractors may not be effectively under the control of the
. Contractor; however, it is also recognized and a?ree that the
) nature of the project 1s such that Ose of the highway cannot 4
, safely and efficiently begin until all sections aré completed.
1 No cooperative incentive “payment will be made should any work 3
L not be completed before Seg ember 30, 1979, regardless of any 3
A extension of time. Cooperative incentive payments shall in no
qﬁ event be paid for more than 50 calendar days. '
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Fiqure 2.5 - Special provisions for incentive nts and
‘ﬂig?' g lgquidatgd damages (Illinois). payme
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400,000 L.
/
/
/
/
300,000 [ $10,000/day
Liquidated
CONTRACTOR damages
COST(S)
200,000 |-
100,000 |-
50 days No charge Until
) P r A———— S~
maximum period completed
0 —
100,000 -
DOT
COST(S)
t\?S,OOO/day
200,000 |— Incentive
Sept. 30 Oct. 31

Figure 2.6 Computation of Incentive Payments and Liquidated
Damages for a Specific Contract in Illinois [An
additional $5,000 per day incentive payment was
available if all six contracts were completed
early (see Figure 2.5).]
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In the interezt of belng profitable, contractors
generally strive to complete a project at the earliest
possible date. Early completion of a project results in
lower overhead costs, 1lower interest costs for borrowed
dollars, less exposure to damage by the elements (repairs
must be made at the contractor's expense), avoidance of

increased costs of labor and materials, and freedom to bid

on other work.21

Contractor delays are qgquite often the result of
incompetence or financial problems, however, a construction
contract that does not allow for adequate time to complete
the work, or allows for too much time to complete the work
also has an effect on contractor performance.
Specifically, contracts that specify an excessive number of

working days or a long time period may22

-Discourage innovative management or construction
techniques.

-Encourage contractors to bid more work than can be
handled in a timely manner.

-Require increased agency administration and
engineering costs.

-Encourage lower bid prices.

-Permit both high- and low-production contractors to
bid on a project.

-Reduce the bonding capacity of contractors.

26
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Additionally, agency officials are wary of the
criticism that would likely result if a contractor were to
collect a substantial bonus as a result of exceptional
diligence, even though possible 1increased construction
costs are avoided, early completion results in earlier use
of the facility, and the opportunity to place bids and
receive bonus payments are open to other contractors.

An example of special provisions for incentive
payments and 1liquidated damages wused by the 1Illinois
Department of Transportation in contracts for
rehabilitation projects 1is shown in Figure 2.5.20 As
illustrated in Figure 2.6, the provisions provide for a
maximum incentive payment of $5000 per day for a period of
50 days, then a month o¢f no incentive payments or

liquidated damages, and finally a liquidated damages rate

of $10,000 per day thereafter.

H. Conseqguences of Contract Time Determination.

In order to decrease the possibility of differences or
disputes with the contractor, setting realistic contract
time 1limits 1is a primary goal of state transportation
agencies. Contractors, in the wvast majority of cases,
prepare their own estimates of time needed to complete a
project based on the abilities of their own companies. 1If
an agency Is to set realistic contract durations, it must
be aware of contractor capabilities.
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Contracts that specify too few working days or a short

time period may:

-Encourage higher hids.
-Increase bond cousts for contractors.

-Eliminate some qualified contractors.

-Encourage good management and thus high production.

-Cause the contractor to question each work-day charge
(on working-day contracts),

-T.ower administration and engineering costs. !

Good planning and scheduling practices on the part of

state agencies not only provide a predictable means for

determining reasonable contract durations, but alsc a means
by which to manage and control the progression of contract
work. Job progress can  be tracked, delays can be better

anticipated, scheduling disputes can be more easily

resolved, and agency resources such as manpower allocation
for project inspection can be managed more effectively.

The 1986 edition of the Flerida DOT Specifications,
shown in Appendix B, provides an example of how many of the ]
issues discussed above are covered in highway conutruction

contracts.,
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A. General.

determine
transportation agencies across the rountry, a survey was
conducted
followed.
Department of Transportation is shown in Figure 3.1.

survey letter also requested information pertaining to

facilitate

enclosed for agencies to complete.

Snrvey Respense.
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CHAPTER ITI

CONTRACT TIME DETERMINATION METHODS SURVEY

order to gather inforwmation on methods used to

construction contract durations by state

which requested information on procedures

An cxample survey letter which was sent to the

of productivity rates used by state agencies. To

replies, A questionnaire (see Figure 3.2) was

Response to the survey was excellent. 0f all the

reqguests

those receiving them responded. 7]
o

: ; ; ; N

Replies received varied from single-sentence sanswers to ﬁ

: 13

of considerable velume. As  expected, methods of o

Y

packages

determining contract durations vary from state to state,

for information mailed out, nearly three-quarters of

28
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AREA CODE 904 PHOHNE 392-0933

September 4, 1987 RECEIVED

ADOT

'SEP 16 19n7
Mr. Frank R. McCullagh

Director ARIZONA TRANSPORTATION

Arizona Department of Transportation Research Center
P. 0. Box 13588
Phoenix, AZ 85007

Dear Mr, McCullagh:

We are conducting a research study for the Florida Department of Trans-
portation (FDOT) to evaluate and suggest improvements to their method of
determining specified contract durations. The current method employed by FDOT
for determining contract duration is based on productivity rates and total
material quantities for specific activities,

As a part of our study we are contacting other state transportation
authorities in order to learn what methods they are using.

We request your assistance in providing any information available con-
cerning your procedure for establishing contract durations for new contracts.
If you also use productivity rates in calculating contract durations, we would
very much like to know what the rates are and what adjusting factors, if any,
are used.

To assist in your reply, we have enclosed a questionnaire which we would
appreciate you returning at your earliest convenience.

Sincerely,

ZH/cki
Enclosure RECEEVED E@EH\W E

SEP 30 19, SEP 181987

CONTRACTS & SPECIFICATIONS CONST. SECTION

FLORIDA'S CENTER FOR ENGINEERING EOQUCATION ANU RESEARCH

EQUAL EMPLOYMENT OFPPONTUMITY/AFF f ATFIVE ACTION EMPLOYEN

Figure 3.1 Arizona DOT Survey Letter
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F Please Respond As Soon as Possible

()

b

' ?

3 { .

‘: @ REPLY T0O:

Dr. Z. Herbsman

? University of Florida

ﬂ‘ Department of Civil Engineering

) 346 Weil Hall

" Gainesville, FL 32611

3.

"

METHOD USED TO DETERMINE CONTRACT DURATION:
¢ -
'
(Please describe your procedure)
5 Our current practice in determining contract duration is
Ay very much like that of most other agencies. Simple bar charts, or
something approximating that, are generally prepared by our

- estimators based on their individual assessments of the amount of
N time necessary to perform major elements of work. This has been a
o reasonably reliable technique for all but the very largest and most
¢ complex jobs. The time required to do anything more involved than
;. this is just not available. We are moving toward a computerized
0 estimating system which may eventually allow a more sophisticated
- procedure with possibly greater accuracy. We do have available to
7 us, at present, information developed by another office, which is
: intended to provide our district offices with manpower projections,
;,. however, it has not proven any better than the bar charts for

9y accuracy.

2

o

y ]

® PLEASE SEND US COPIES OF ANY DOCUMENTATION AVAILABLE.
=

- Such as: Written procedures

- Work forms, calculation sheets

L Schedule of production rates used.

" :

PLEASE GIVE THE NAME OF PERSON WHO MAY BE CONTACTED FOR ADDITIQNAL INFORMATION:

) Name: DRy l/2 & ELACA

") Position:  7ZnMSAa74 78l o1 6 MIGEE - SY PN

b3 State Highway Authority: Ar1 2048 LIEPTT OF 750t M S0 770,

d Mailing Address: /650 (Y Sk So K Ay e~

I, LI ERX  Aerzond BSoo7

~ Telephone to.: ((02) 255-722/

| }

y .

;I

k Figure 3.2 Arizona DOT Questionnaire

)
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hnwavear thi=  report has attenprted to group together those
methods that have enough correlation to boe considered

similar in procedure.

C. Summary of Findings.

Study of responses received by state transportation
agencies on methods wused to determine contract durations
reveal that there Are generally four basis wupon which

contract durations are commonly calculated. These are:

-Construction season limits,
-Quantity or production rates,
-Work-flow techniques, and

-Estimated costs.

Other less common methods include time unit calculation
and completion dates specified by the contractor at the time
of the bid.

Tn their Synthesis of Highway DPractice, Special Raport
Number 79, the Transportation Research Board tabnlated
resuite of an extensive survey they conducted in 1981 which
gives 3 breakdown, by state, of procedures used in
determining contract time, along with other information
discussed earlier in this report =such as liquidated damages
and incentive payments. This information is shown in Figure
3.2, Chapter v offers representative methods of

31
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determining contract duratlons  hased on  sarvey wmaterial

from varicous states.

received

Construction Season Limits

rarticularly surfacing and paving

Highway construction,

*
projects, is severely dependent upon the weather. When $

letting contracts of this nature, state agencies must '

1]

consider the 1limits of the construction season where the "

work is to be performed. Often, contract durations are hased

on the time that weather 1is expected *to permit work tn

continue during the construction season.

based on construction season limits, contract LS

When

{ R times are only effectively predictable when projects are "]
°
‘: awarded sufficiently early in the construction season to

allow completion, a large number of jobs are not given to a

single contractor, materials are readily availahle, and the !

T T ar

contractor 1s held responcible for the expense of maintaining -

3

the project over the winter or paying liquidated damages. a
LY

Meteorological data  has  been collected by many of the

7 state agencies and combined with expericnce and historical

3 constructien data in  the attempt to determine just how many

working days there are in a year for areas under agency ¢

cognizance for wvarious types of construction. Working-day

state of Grorgia are shown in

and tables for the

charts

Figures and 3.5, and for the state of Indiana in Figures

P . "-.','K-'\"h‘ q‘.!'.\'\ T Y T n d’ W, vl‘lt_'\ L.
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and 3.8. These figures are fairly representalive

- of the manner In which working-days are calaulated and

tabulated among the states that take constyuction seasons

into consideration when determining contract durations., As

the charts formulated

T

in

demonstrated

by the Indlana DOT, ]

working-day calculations are sometimes established [for ;

different of work such as bridge construction, light

[yl
4]

typ

grading and urban construction, or medium and heavy grading

work.

¢
f Calculated values of available work-days are most often

used in combination with the other methods of determining

contract durations; rarely are they used alone.

Quantity or Production Rates

Based on experience and past data from completed

projects, many states compute daily production rates for work

items that effect project time. Figures 2.9, 2.10, and 3.11

fllustrate the tabulation of these valuez. The advantage of

this system is that it breaks down projects into critical

work activities, Just as contractors would normally do when

they determine the time needed to complete a job.

Some states have gone a step further and developed

productivity curves based on the guantity of work involved

for different

work items in a project. These allow agency |
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15 |sce | 380 350 3so aso_|_37¢ a6y | ans a3 315 3001295 | 230
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Figure 3.8 Working Day Chart for Medium and Heavy Grading

(Indiana)
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E“ FLORIDA DEPARTMENT OF TRAHSPORTATIOM

SPECIFICATIONS

Criteria Used For Estimating Working Days

Hork to be Considered

1. Clearina and Grubbing. 000023 Ac./SF

2. FExcavation (Regular, Lat. Ditch,
Subsoil; Convert grading roadway
to Cu. Yds. for this purpose).
Shldr. grading (Resurfacing) at
1 mi/day

3. Stabilized Roadbed

Mumber of Working Days

1 to 10 Acres per day,

depending upon nature; NOT
to exceed 20 (Grading time
will govern after 20 days)

(See chart for Mo. Days)

5,000 Sq. Yds. per day
(Mot to exceed 1N davs)

Can 4. Rases (Sand-Clay; Limerock; (See chart for Mo. Days’'
%;’ Limerock Stabilized,
: Shell Stabilized; and
Soil Cement Base)
5. Surface Treatment 200 Cu. Yds. per day
6. Cement Concrete 5,000 Sq. Yds. per day
7. Milling Existing Pavement 4,000 Sq. Yds. per day
(Max 20 days)
8. Plant mixed surfaces {See chart for Mo. Days)
(in tons- for conversion see * below)
9. Storm Sewers {on Munic. Const.; 100 to 400 linear ft. per day
includes pipe, inlets, manholes, etc.)
10. Curb and Gutter, Valley Gutter, efc. 300 to 700 linear ft. per day
11. Sidewalk 300 Sq. Yds. per day
12. Sprigging/Grassing 15,000 Sq. Yds. per day
2420 S (Not to exceed 15 days)
(225,000)
F
~.Aﬁa Figure 3.9 Standard Productivity Rates (Florida)
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TIME LIMIT INFORMATION

CONTRACTS AND SPECIFICATIONS SECTION

(Select Controlling Iltems)

SECTION ITEX CTR. TIME

g 201 Clearing and Grubbing 1.5 Acres/Day

% 202 Removal of Timbe: Hridge 2 Spana/Day

[\ 202 Removal of P. C. C. Pavement 500 Sq.Yd./Day

202 Removal of Conc. Box Culverts 1/Day

\' 202 Removal of Asph. Concrete Surf. 1 Mile/Day

kX 203 Excavation or Fmbankment ’ 3,000 Cu.Yds./Day (Country) 4
(Figure highest quantity only) 1,000 Cu.Yds./Day (City)

1,000 Ft./-0.5 HMile/Day

NDitches (congider section)

Mucking

Mucking (Very large quantity) 3,500 Cu.Yds./Day

] 203 Shaping Roadbed 1 Mlle/Day

Shaplng Roadwav, Ditches & Slopes 0.5 Hile/Day

Shell (Spot Numped) 500 Cu.Yds./Day

Base Course (Non-Stabilized) 1,500 Cu.Yds./Day

Base Course (Clasg I) 1,000 Cu.Yds./Day

1 Mile/Day

Scarifying and Compacting Roadbead

[a-Place Cement Stabllized Base Course 6,000 Sq.Yds./Day

Lime Treatment (24 Fr, Width) 6,000 Sq.Yds./Day
X (20 Fr. Width) 5,000 Sq.Yds./Day

Subbase Treatment 8,000 Sq.Yds. or 1 Mi./Day

L

=

Figure 3.10 Standard Productivity Rates (Louisiana)
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W CRITICAL PATH W

, Y
Sgggb APRIL 1984 :
.,

CONSTRUCTIGON TIME ESTIMATES )

-

; v
' y
b 1. AWARD CONTRACT USE "Wu" CODE 28 DAYS @ 7 DAY WEEK J
4 '
) I1. MOVE IN TIWE USE "Ww" CODE 10 DAYS @ 7 DAY WEEK X
. I11. DRAINAGE N,
: A. CROSS CULVERTS (GENERALLY INCLUDED IN G&DS) g
! 1. RURAL HIGHWAYS 120 LFT./DAY A
K 2. EXPRESSWAYS 150 LFT./DAY '
d 3. LARGE HEADWALLS 5 DAYS/UNIT 1
{ 4. SLAB OR BOX CULVERTS 5 DAYS/POUR -
5. PLOWED IN EDGE DRAIN
_ (PRODUCTION TYPE PROJECT) 150 STAS/DAY 3
) 6. OPEN-GRADED UNDERDRAIN ]
¢ (PRODUCTION TYPE PROJECT) 40 STAS/DAY A
' B. SEWERS ‘
K 1. 0 -14 (UP TO 60") 120 LFT./DAY }
¢ 2. 0'-14"  ( OVER 60") 80 LFT./DAY
£ 3. 14" -0VER (UP TO 60") 80 LTF./DAY
: 4. 14’ -OVER ( OVER 60") 60 LFT./DAY
' 5. JACKED-IN-PLACE 40 LFT./DAY :
' INCLUD. EXC. PIT AND SETUP MIN. 5 DAYS by
- 6. TUNNELS ]
N a. Hand Mining 24 LFT./DAY n
" » b. Machine Mining ' 60 LFT./DAY A
: : INCLUD. EXC. PIT AND SETUP MIN. 5 DAYS
% C. MANHOLES 3 UNITS/DAY
B D. CATCHBASIN 4 UNITS/DAY R
¢ ()
Y IV. UTILITIES .
: A. VATER MAIN ( 7O 16") 300 LFT./DAY !
X FLUSHING, TESTING & CHLORINATION 4 DAYS Iy
! B. WATER MAIN ( 20" 70 42") 80 LFT./DAY
FLUSHING, TESTING & CHLORINATION 5 DAYS

! C. ORDER AND DELIVER 24" HP WATERMAIN 50 DAYS @ 5 DAY WEEK
) D. GAS LINES 300 LFT./DAY
[J
Y V. EARTHWORK AND GRADING DET.EXP.  RURAL J
) A. EMB. CIP 2000 7000 CYDS/DAY ay
) B. EXC. AND/OR EMB. (FREEWAY) 2000 12000 CYDS/DAY

C. EXC. AND/OR EMB. (RECONST.) 1000 5000 CYDS/DAY i
R D. EMB. (LIGHT WEIGHT FILL) 400 800 CYDS/DAY 3
X E. MUCK (EXC. WASTE & BACKFILL) 2000 CYDS/DAY ")
‘ F. EXC. (WIDENING) 20 STAS/DAY 5
' G. GRADING (G&DS) 25 STAS/DAY <
‘ H. SUBBASE AND SEL SUB (24’ OR LESS) 20 STAS/DAY ,

1. SUBBASE AND SEL SUB (MORE THAN 24') 15 STAS/DAY b

K. SUBGRADE UNDERCUT AND BACKFILL 2000 CYDS/DAY o
R L. SUBBASE AND OPEN GRADED DRAINAGE COURSE 15 STAS/DAY A
) N
)

Figure 3.11 Standard Productivity Rates (Michigan) o
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determine 3 wmore predictable contract duration
for jobs  of wvarious sizes, Fiqgures 2.12 and .13 Aare
representative of this method.

An  additional concern when basing contract durations on
production rates [ that the rates u:ed will determine the
gualifications needed by the contractor to complete the wark
within the allotted time. To insure reliable hids, care and
sound judgement must be exercised when selecting these
rates.

There are also differing opinions among the states as
to the period of time that production rate data is
acenmulated. Where come agencies belicve that prodoction

ates used in defermining contract durations should he based

on recent data to reflect advances in technology, others
believe that "state-of-the-art" production rates could hinder
those contractors that might use older equipment.

In the interest of comparing various production rates
nsed by state agencies across the country, Appendix A is a
tabulation of standard production rates used in determining
working-days from 12 respondents who provided these values in
the survey. Work item categories varied significantly from
one state to the nexl so in many cases similar work jilems
W TR Jrouped together to facilitate comparison. Many

categories were nnique to Jjust one or two stafes, but werce

still included to show their existence. TIn fact, unique work
categories appeared to be more common than similar
43
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Figure 3.12 Productivity Curve (1llinois)
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CLEARING & GRUBBING

Figure 3.13 Productivity Curve (Louisiana)
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work categories. The tables in  Appendix A contain 21
separatce  work categories which were culled from several
hundred standard work activities nsed by the states
responding. Some categories were identical to others in

scope, only differing by title.

Tt is obvious when comparing preoductivity rates from

0

A

7

the wvarious states that each state, in many cases, seems to
have a different interpretation of what a particular work
category includes. In some instances the analoygy of mixing
apples and oranges 1is appropriate. This is especially true
with the items that include c¢arthwork and paving. For
instance, '"base" 1s considered a Dbituminous layer by most

agencies, but a crushed aggregate layer by others.

Further, not only do production rates vary
significantly in several categories, but the units of
measurement also  vary. For example, most states measure

paving In  tons per day while Michlgan meqcoayes #5ie wark
category in ctations per day.

Another variance is the type or size of project to
which a particular work category 1is applied. Some of the
states apply varying production rates based on whether the
jobh iz M"small" or "large", or "rural" or "urhan". No further
explanation is usually provided for these distinctions.
These contrast with states that divide projects up into
several types. North Carolina, {or example, has six standard
project categories:

16
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-Major Urban and Rursl Frojeacts

-Grading & Paving Projects

-Paving Projects

-8mall Rural Widening Drojects

-8mall Urhan Projects-Grading and Pzving

A . -Resur facing and Surfacing

x The only distinctions offered for these differing

project categories, however, is that the "Major Urban and

Rural applies to Jjobs with grading in "

Projects" category

_" ~yeess  of 1,000,000 cubic yards, the "Grading & Paving

Projects" category applies to jobs with less than 1,000,000

N
)

$ cubic yards, and the "Small Urban Projects-Grading and
A

? paving” category applies to Dboth widening and new location
]

jobs. As with the majority of informalion provided by the

5 survey respondents, further interpretation is left to the

reader.

The uce of productivity rates is almost always combined

? with 2 work-flow method to determine oxpected contract

duration. In most cases overlapping work-items are taken
4

7 into consideration when <calculating contract Lime, however,

.. U

X in <ome cases, states simply add calculated durations of each d
b

i controlling work-item asz if they were nnaffected by other ‘

> work . Thisz procedure can often lead to excessive contract

time allowed in a contract.
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Although many forms of scheduling technigues exizst, ULhe
methods most widely used by =state agencies are har chart:
and/or the critieoa?l path o method., Often the type of

Aependent upon the complexity of

[

scheduling method used

) the project in question.

Bar charts are favored by many state agencies hecause
of the ease in which all parties involved in the construction
process can readily understand them and determine progress on

. the Jjob. They are also easily understood Dby those not
involved in construction which is an advantage when using a
schedule as evidence in court.

. A typical bar <c¢hart used by the state of Tndiana Iis
A

%:. shown in Figure 3.14. As can be seen from this figure, a
significant amount of scheduling information can be presented
in a simple and clear wanner. These type of charts generally

: inclnde  the number and description of each activity along

with each activity's quantity of work and daily productivity
rate and early start and early finish dates. The critical
path can easily be shown by high-lighting, or other means,
and float times can Rlso be shown in a similar manner.

; A drawback in the une of bar charts, however, is the

inability of +those nsing them to easily determine activity

dependencies. To aid in hetter understanding bar charts,
dependencing, along with duration, early start, early
B3
K oay 48
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Figure 3.14 Highway Project Bar Chart (Indiana)

o

M

Al N

49

A N O S S o AN ¢
WAL L LB . N g T i »

AP

WO

WA N N R LS S
N gt i M N M R X a X X

Nalinh

&

o

==




PTG U U U oW W LY BN TR R RN X T Wk TN G 90 O TR R L O PR T X A A AR ey VWINRCWEN R ptas gta ot gd gl ghpn gt oty

§
g %ﬁ%& finish, late start, 1late finish, and total float times, as
well as critical path notations, are quite often tabulated
and used as a supplement to the bar chart.

An answer to the problem of not being able to quickly
and easily determine activity dependencies for a project is
solved with the use of network scheduling. The critical path

method (CPM) 1is a network scheduling technique that clearly

. displays, 1in a schematic form, dependencies an activity has .
;‘ on any other activities 1in a project. This method of
2' determining contract duration 1is most useful for large, 3
b7 complicated projects that require extensive coordination of :
? materials, equipment, personnel, and administrative support. !
é A Because it does not show Jjob progress as readily as a bar )
- "S; chart might, bar charts are often used in conjunction with :
3 CPM diagrams. Although several states use the critical path f
g method for major projects, only seven state agencies use CPMs
S regularly. .
%> As with most scheduling techniques, several distinct
g CPM methods exist. The most prevalent method used by state Y
I agencies is arrow diagramming. Information on the basic
z elements of CPM by arrow diagramming is given in Appendix
o C.24 Figure 3.15, as supported by information 1in Figure 3
K] 3.16, further 1illustrates the use of this method. As can be ;

seen in Figure 3.16, determining activity dependencies, when

-
- A.-“

using this method, is a relatively simple matter.
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¥ @ Estimated Costs , d

Another method used by some state agencies in

™
T

determining contract durations 1is based on the estimated

- -
Byt S ar e
e e Ve

costs of projects. With the idea that more costly projects
A will require more time, and vice-versa, contract durations
g are established accordingly. Although some agencies only use
[ y
i this method of contract time determination for smaller or f

less complicated projects, some wuse it exclusively for
i certain type jobs, regardless of size.

A method such as this requires a considerable amount of

Q data gathering based on 1location and type of work in order
k for it to be effective. Data compiled by New Mexico on :
i \ grading and paving projects, and by Washington D.C. on
" ﬁ\ structural projects is shown in Figure 3.17.25 ;
i. The graph in Figure 3.18 was developed by the State of :
& Idaho Transportation Department. In developing this graph,

Idaho broadly classified several bands of work and project
terrains, and used working days for the ordinate and dollars
} for the abscissa. Establishment of the bands was from \

calculations based on statistical data, and this particular

ﬁ chart has seen no major changes since it was first published {
: in 1981. In addition to the time period derived from this \
- figure, 1Idaho officials adjust the contract time depending on :
‘4 the time of year the contract is awarded and any seasonal ﬁ
™ 3

limitations. J
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Figure 3.17 Cost-vs-Completion Time Curves (New Mexico,
Washington D.C.)
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Figure 3.18 Cost
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6@%@ In Oklahoma, when only the program amount for a project
is available, a ‘"quesstimate" of warking days is made from

values found in Figure 3.19.

- e

Other Methods
y While the wvast majority of state agencies use one of
N the previously discussed methods for determining contract
durations, or more likely a combination of these methods,
there are some methods that stand apart.

After research at Mississippi State University, J.H.

Oswalt, L.R. Johnson, and D.G. Hotard submitted their report

5 A Method to Determine Contract Work Days-Implementation in
e 1975 to the Mississippi State Highway Department, in
. iigé cooperation with the Federal Highway Administration, which
: contained the development of a computer-generated procedure
' for estimating work time and for reporting and monitoring
: contractor progresse. In thls system, time units are used as
i the measure of work with each month having an assigned number
§ of time units available depending on the type of work. A
. brief description of the Mississippi procedure taken from
} Transportation Research Board Special Report 79, is given in
Appendix D.
i Another method that 1is not often used is the allowing
p of contractors to play a role in the selection of contract
; completion dates. In some Washington ©D.C. projects, the
o= choice of two different contract durations is presented to
P S
: 20 56
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RULE OF THUMB FOR WORKING DAYS

WHEN ONLY PROGRAM AMOUNT IS AVAILABLE

e oo

Grading and Drainage Projects

o -, ke

Under $100,000 (Minimum 30 days) $1,000/day
§ $100,000 to $200,000 $1,250/day + 10
i\ $200,000 to $300,000 $1,500/day + 10
D Over $300,000 $2,000/day + 10
D
)
‘
K ‘. Grading, Drainage, & Dustless Type Surface Projects

ﬁ. Under $100,000 (Minimum 40 days) $1,500/day

. $100,000 to $200,000 $2,000/day + 10
t $200,000 to $300,000 $2,500/day + 10
N Over $300,000 $3,000/day + 10
4]
k Dustless Surface Projects

Under $200,000 (Minimum 40 days) $3,000/day + 10
‘ Over §200,000 $3,500/day + 10
\
1 Figure 3.19 Contract Duration Estimate By Project Cost
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contractors; the 1lowest valid bid by either date is accepted
by the agency. 1In Mississippi, onc ,~oject was awarded based
on different completion dates included by contractors in
their bids. Increased road user costs on the Jjob were
calculated at $7,000 per day, so to determine the low bidder,
the number of contract days submitted by contractors was
multiplied by $7,000 and added to the contractors' dollar
amounts for the Jjob. The four low bidders for the project
are presented in the table below. As can be seen in the
table, the apparent low bidder (with 151 days) did not have
the 1lowest dollar amount, however, after including rcad user
costs, he was low overall. when administering the contract,
the $7,000 per day road user cost was added to the amount

normally charged for liquidated damages.

Table 3.1 - Low Bidder Calculation (Mississippi)26

Direct Work No. Days Total Work and
Bidder Total Items($) @ $7,000 Days Comparison($)
1 4,721,599.82 151 5,778,599.82
2 4,544,930.31 250 6,294,930.41
3 5,271,196.81 212 6,755,196.81
4 5,215,617.29 266 7,077,617.24
58
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CHAPTER IV

REPRESENTATIVE METHODS FOR DETERMINING

CONTRACT DURATION

o

f A. General.

A

[ Although the methods used by state transportation

-

7 agencies in determining contract durations can be grouped

into similar types, the following sections ~f this chapter

illustrate that each and every organization has its own

I S T Y Jor e BT

procedure that is unique in some way.

ALABAMA

Alabama is typical of those states that rely heavily on %

A the experience of their personnel 1in determining contract

durations. Considerations in determining contract time

IR U 78 J SR N )

include the anticlipated contract dollar amount, traffic

& 5 It

1 conditions, 1location, and 1individual items of work in the

project. Work item production rates are not considered in

. .
A

this process.

4 Wwith the factors that are considered, the determination

is made as to how many construction seasons or partial ~
~

-

ﬁ%ﬁ seasons may be needed to complete the work. This process is
o

59
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u éﬁg& followed Independently by the Constructlion Bureau and the :

h Construction Division within the Alabama Highway Department, .
§4 and after discussion between the two, a contract time is :
3‘ agreed upon. ]
o’

‘ ARKANSAS !
o The determination of contract durations by the Arkansas ;

State Highway and Transportation Department 1is based on
d standard work item productivity rates. With the use of these
3 rates, and a work item guantity breakdown such as that shown

in Figure 4.1, a bar chart is generated showing the logical

3 progression of work in work days (see Fiqure 4.2). With the

t{ e number of work days calculated from the bar chart, the \
i iiél corresponding number of calendar days 1is established by

‘ comparing the number of work days necessary to complete the

work to the allotted number of work days per month by zone as
determined by geographical location and type of work (see
@ Figure 4.3) and the number of calendar days per month. !
K

In the process of the work, working days are defined as

-

days on which the weather, condition of the ground, or the

-

v

j condition of the materials being used are such that the

o

® contractor can employ 60% of his forces and equipment to

N prosecute the work required at that time in the regular :

] ~ A

A sequence of operations as determined by the Resident ¢
" ¢
; Engineer. 9
): va_f&:
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! ARKANSAS STATE HIGHWAY AND TRANSPORTATION DEPARTMENT
JOB R10013

WITTSBURG-HWY. 64 (BASE & SURFACE)

-t e

" STATE JOB !
The proposed project consists of approximately 2.0l1 miles of Reconstructed Base
) Course, Bank Gravel Base Course, Bituminous Surface Treatment (Shoulders), Asphaltic
r Concrete Hot Mix Surface Course and Misc. Items on the Wittsburg-Hwy. 64 Base and
t Surfacing Project, State Highway 163, Section 1, Cross County, ?
[}
: It begins at the intersection of Hwy. 64 and Hwy. 163 and extends south 2.20 miles .
' including 0.189 mile exception. :
: The following items and approximate quantities are involved: "
0 ' y
K 92 Stas Reconst.Base Crse.
? 1662 CuYds Bauk Gravel Base Crse. ﬁ
D 14058 Gals Prime Coat y
257 Gals Tack Coat
by 331 CuYds Min.Aggr.in Bit. Surf,.Trmt.(Cl.10)
Y 7929 Gals Asph.in Bit.Surf.Trmt. <
] 2816 Tous Min.Aggr.in ACHM Surf.Crse.(Ty.2) :
b 164 Tons Asph.Ceuw.in ACHM Surf.Crse.
1 1 L.S. Maint.of Traffic _ /
Y 114 sqFt Signs !
o . 1063 LinFt Temp. Pvmt.Mkgs. )
b - 1 L.S. Mobilization p
" N
|, !
g The successful bidder will be required to complete this contract on or before November ':
N 19, 1986. 3
* '
I :
! -
V) .
] L}
R Figure 4.1 Proposed Project Work Items (Arkansas) .
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Figure 4.2 Project Bar Chart (Arkansas)
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Once the number of calendar days needed for the work is
established, a fixed completion date is determined based on
an estimated starting date of the project. wWhen other
factors, such as seasonal limitations, utility adjustments,
projects with specialty 1items, or Jjobs on which quick
completion is desired, are of importance, the fixed
completion date 1is adjusted accordingly. It is only this
fixed completion date that the contractor sees in proposal
documents; he is responsible for establishing his own
progress scnedule for completing the work within the allotted

time.

MARYLAND

The method used by the Maryland Department of
Transportation in determining contract duratlons 1is very
similar to that used in Arkansas; production rates based on
historical data are the foundation of contract time
determination.

Using the Engineer's project estimate, controlling work
item qgquantities are divided by standard productivity rates
which provide ™"unadjusted" work days for each work item.
These unadjusted work days are then multiplled by the
"Average Overlap %" to determine adjusted work days for each
work ltem. This value is the average amount of time, based on

historical data, that work items are considered controlling

64
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versus overlapping. Figure 4.4 dlisplays these values for

various work items and shows how adjusted work days are

computed.

After adjusted work days have been calculated,
consideration 1is given to construction seasons. To do this,
the adjusted work days are charted on a bar chart (see Figure
4.5) based on the anticlpated Notice to Proceed date and the
average number of work days per region depending on the type
of Jjob, as shown in Figure 4.6. This enables the estimator
to foresee if certain items of work might be delayed duc to
temperature or weather restrictions, or other 1limiting
conditions.

Other considerations include:

1108
qt:i -Lead time needed for approval of plans, shop drawings,

and pile hammers

-Time for fabrication of structural steel and other
specialty items

-Curing time and walting periods between successive
paving courses and between concrete placement
operations, as well as specified embankment
settlement periods

~-Conflicting operations of adjacent projects both

public and private
~Necessity for coordination of road construction with

utility construction or relocation, when indicated in

@ contract provisions

, 'f [ q‘ ."H- - sRN-..-\ LS ‘
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A0 OVERLAP/SPECIAL CONDITIONS
£
I )
. *AVERAGE
; OPERATION OVERLAP SPECIAL CONDITIONS
Preliminary/Prep Time 100% Max. 10 Days
Grading : 70% Usually includes drainage
Drainage 0-25% Drainage items are usually

completed during grading.

R R s

STRUCTURES

; Excavation 25%

k Piling 25%

' Footing Concrete 25%

’ Substructure 75%

A Struct., Steel 75% Minimum 150 CD required
Superstructure 100% to fabricate & furnisgh

K Deck Coatings 100% struct. steel,

C PAVING 70% Resurface = 100%

1 — )

T

H &": SHOULDERS . 70% Resurface = 100

. - -

T LANDSCAPING 100%

\ aovat v

¥ UTILITIES (included in contract)

: Water, Sewage 0

Lighting, Signing, Signals 0 - 50X

CLEANUP, FINALIZE PROJECT 100% Max. 10 Days

*No. of adjusted work days = No. of unadjusted work days x Average Overlap
(controlling %)

where the no. of unadjusted work days = plan quantity
[ productivity rate

(Convert controlling X to decimal by dividing by 100 before multiplying))
Ex. 120 C.Y. (plan quantity)

15 C.Y./day (Productivity rate) = 8 unadjusted work days

8 unadj. work.days x . 25 (25% controlling %)= 2 adjusted workdavs

i o

Figure 4.4 Average Overlap Values (Maryland)

66

o
%,g

»
[,
»
ot

‘ R T W T Tt L AL M o IV LML o o S N o Py L Vo P o
!'l‘.a'.i. SAGN Al L LR /R U W N e Tt ulu l ol’lla.lol. p AL S AR N . ™ A AN



T EUY

4

X

9,

T3 nt4vat 4%

IR AANRRARY

Cala®

~

o o o oy S g 0, »o A - > 4 - g i 0 p A\F\Ju o - L g ;u A r . ,‘vdl .
8 -€2 - - HS . wJo,
NOLLYYLSININGY AVMHOIH 3ULVLS GNVUHVA Jyr— §) VvE€Z-12L WHS wioj
NOILO3dSN 1L0NHISNOD  J0  Nv3yng v, O[O0
3dSNI NOLLD 2 4 e siog Wom (oL " OUIIOIUOY X 3
c
t
t
{
(
t
- M
gy 4
o1 s Bwil . 1lsod
| € 001 € =3 81 ooL’l HoANW y Q339
4 oo b4 oo8 AD oS 81 “10s d0L
4 oL < [=.~J=]] E sL8s Wi avnn
S oL L Sle .- o082 3VA3NS AIQINONS D8’
] [3 oL b 05 N 007 35v8 BITINONS O §
L oL ot [=T-T-1-] X3 O0Z'EE | WIOINORS A3ZIMIGViS
9 oL © O% L oS0V 32v4dnS 09 w
8 oL 1" oS L o8y 3sve 59 r
9 oL 3 00S T S 0S9'5Z 3sve 8BNS .5 |
1 Q01 ¥l Sl ro 08BZ |‘92000 3UNLONULSUIANS
[ SL [ ol L S Ll TM3ELS WIIALINVLS
s SL Ss | - o2 1) YA “OMOD 3Ronylsgens
33 [ 29 o2 AD OEE“l 313W0NC? DNILOOI
AN 8 SZ | 6z | oce =3 oL ol CRIv
[ S oL SO | ¥3 33 SLaNI y SOIWMANT
BN O E3 09 Pl B 3did
s 52 66 | ©00's A2 | Co0 gebr| MOTad0g
-] |2 ooo'L Y 006’61 T sswvad
ot (=] ] el S 3wl -3dd
i a[wie]s|v]e[riwpv w3 rlafn oSV ¢ o, doj | 3400 | tooya0m i
- YoM (2 AOM wn | Knuond Ajanoy
] SHLNOW S8el v8ei | Yo hoin] /sien
y8/12/2 +8/S1/C B8l EIL A2 avi UIND 69 (1)oot - s1
‘310Q - isenbey 0 eipQ d LN pajpdijuy| 3UNOB €0 - SAANLINYLS WVWNA yo)4du9s3g ON dvd
Ao 00 ISZ'BLE 'V ¥ v8/8 /€ i ™Yu3LsDM NOILPNAULSNO? || 119-28L ~2€G-MV
kg is0p pajowysy 9}pg JUIWaISIIADY uoibay 9dky. ‘ON- 20300

JLIVNILSI 3JWIL 1OVYLINOD-

Contract Time Estimate (Maryland)

Figure 4.5
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AVERAGE NUMBER OF WORKING DAYS OH CONSTRUCTION CONTRACTS

SOUTH/EASTERN MD.  CENTRAL MARYLAND  WESTERN MARYLAND
}
(
s I3 : '
Bridges Roads Bridaes Roads Bridqges Roads J
January 8 5 4 4 4 2 '
February 8 5 5 5 4 : 2
(
March 1’ 8 9 8 5 4 1
April 14 15 15 15 14 13
May 18 14 16 18 16 15 t
June 18 17 18 19 16 18
d
July 19° 17 19 18 19 17 ,
August 18 18 20 18 19 17
September 18 18 19 17 18 18
October 19 18 -19 18" 16 16
November 16 13 15 16 10 0
December 10 9 10 8 2 _ 4
TOTAL 177 157 169 ‘164 143 136
2N, ¢
®
v Calvert . Baltimore Garrett
Charles Cecil Allegany
Caroline Carroll
Dorchester Frederick
Kent - Harford
Prince George's Howard
Queen Anne's Montgomery
St. Mary's Washington
Somerset Anne Arundel
Talbot
Wicomico
Worcester

The rggion int? which borderline counties are categorized may vary depending
upon job location within the county. Use average work days p pertinent reglor
accordingly. g
(&
{

(_ffective Dec. 19, 1983 | ,/ﬁzz;?&tgz%///l( (54

J;rman G. ﬂsp%is, Chief

Bureau of Construction Inspection

‘December 17, 1984

Figure 4.6 Average Number of Working Days by Location and
Job Type (Maryland)
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-Duration of disruption to traveling public caused by by
)
construction g
e
-Duration of delay 1in providing relief for heavily $-
..l
congested routes ?
-Schedule of work on alternate routes g
A’ ¥
N
~-Loss of revenue to businesses within affected areas $:
bh
-Timely response of emergency vehicles &:
-Cost 0of the project ."
5
-Cash flow of the State Highway Administration ﬁ
&
o
From experience, Maryland officials have determined &:
that the most benefit is achieved, in almost all situations, if
.:(}\
by allowing the least amount of time for contract completlon o
based on average productivity rates. The time allowed in N,
Maryland contracts is almost always in working days, however, N
N
for major projects of a sensitive nature, construction time ;3
is by specified completion date. In this situation,
A
increased productivity rates are used in anticipation of an |
b
accelerated construction schedule which might require the use N
)
of multiple shifts and crews, weekend work, etc.
)
- A
Finally, aside from those conslderations given to the 3‘
unique characteristics of each project, it 1is felt by ﬁ;
Maryland officials that sound englineering judgement is of the it
Ay
')"
utmost importance in the estimation of allowable contract w
3
SO
time. e
)
2
Ny
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PENNSYLVANIA

Contract durations for ninety-five percent of all
projects in Pennsylvania are determined with the aid of a
computer generated bar chart. Input by the users of the
computer program "Construction Estimator" includes the work
days of each operation as calculated from anticipated
quantities and productivity rates, the anticipated Notice to
Proceed date of the contract, the work activity logic, and a
working day calendar based on location and whether or not the
project 1is standard (135 work dayé/year), accelerated (180
work days/year), or slow (102 work days/year). The input for
the working day calendar is shown in Figure 4.7.

The output generated by the computer software consists
of a conversion chart of work days to calendar days (see
Figure 4.8), and a final calendar day bar chart, as shown in
Figure 4.9, which 1is included in the contract bid proposal
for informational purposes in the majority of construction
contracts let by the agency.

For projects which are large and complex, and in highly
urbanized areas, Critical Path Method (CPM) charts are
provided to the Pennsylvania Department of Transportation by
design éonsultants hired by the Department. These type
contracts also sometimes include 1incentive/disincentive
clauses for intermediate milestone dates, and increased
liquidated damages for contractor failure to meet contract
completion dates. Because department personnel have orly
limited knowledge of CPM, constructlion management consultants
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dﬁﬁ; are retained to monitor and analyze project CPM charts during

project construction.

s,

The CPM chart developed by the department's design

consultant (see Figure 4.10) 1is included with the contract '

bid proposal along witn special contract provisions that

discuss its wuse. These provisions state that deviations may

.,‘.‘,.‘_-
p A e X
Cy

be made, upon approval, from the general logic sequence of :

-

the Pre-Bid Schedule to suit the sequence preferred by the

‘
-

contractor, however, the contract completion date and the

s

milestone dates in the schedule are considered binding.

As a back-up to the methods discussed above, the

Pennsylvania Department of Transportation also prepares

L N -

? o additional documents that show the schedule of work for

ii!. projects. These include a "Straight-Line Diagram and Analysis
}; of Operations" (see Figure 4.11), and a work day bar chart as ]
i. shown 1In Figure 4.12. The first document includes a diagram

that shows the 1limits of work by stations, quantities and )

; productivity rates of project work items, the construction 3
% sequence of the project, and the duration of each work item y
»; in work days. The second document summarizes the work item
!E information from the first in the form of a bar chart.
é One Iimportant aspect of this process that was not made
- clear in the Pennsylvania DOT survey response is the manner .
‘S in which productivity rates are determined. It appears from E
; the information provided that the determination of these )
: FQE?‘ values is left to the discretion and experience of individual :
':' %&d‘ District offices.
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Work Day Bar Chart (Pennsylvania)
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SOUTH CAROLINA

The method wused to determine contract durations by the
South Carolina Department of Highways and Publlic
Transportation 1is similar to that used in Maryland. Standard
productivity rates based on project size and type, and
estimated work item quantities determine an unadjusted amount
of time needed to complete the work. Wwhile Maryland adjusts
each individual work item according to "Average Overlap"
values, South Carolina adjusts the sum of all controlling
work 1tem work days by multiplying the total value by a
"concurrency factor" which accounts for the number of
potential activities which «can be performed simultaneously.
This factor can range between 0.5 and 1.0, depending con the
type and complexity of the project. The lower end of this
range is typical for grading, drainage, paving, and bridge
projects, while the wupper end of the scale is more suited
towards resurfacing projects.

Once the adjusted number of work days has Dbeen
calculated, the effect of work seasons on contract time is
determined. This 1is accomplished by the wuse of a "time
chart" which accounts for the number of anticipated days per
month, depending on type of Job, that would be suitable for
performing construction work.

Figqure 4.13 and 4.14 illustrate this process. Aas seen
in Fiqure 4.13, the total amount of work days, when adjusted
by a concurrency factor of 0.5 applicable to the project
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. CALCULATION OF CONTRACT TIME
s :{éz PRCJECTS(ESTIMATED COST-OVER $1,000,900 )
TYP. PRIM. PRQOJ. (WID.,GRAD.DRRIN.,,C3G, ,REHRR. ) LETTING: JUNE 1987

FILE NO. : 32.806 etc. PROJECT NO.: IR-IRG-20-2(57) COUNTY: RICH/LEX LENGTH: 12,071 MI.

17EMS QUANTITY  INIT UNITS/DAY  DAYS
[ 3 P
CLEGRING AND GRUBBING 2071 MILE 03 s Mot this sdudbd e i
UNCLASSIFIED EXCAVATION agers o DneE 7 poe of project dye £ Sergl)
TRAFFIC ITENS . o M (4 of Boul) lociatisn of ssphokt plonk
NAC. OR 57AB. AGSR. BASE [R. 2670 SY 1000 3 cte. 4
EARTH TYPE BASE COURSE 0 oy 800 0
SCARIFYING, NIXING, ETC. 0 MY 4 0
MILLING 0 sy 8000 0
REM. OF EXIST, PAVT, 16296  SY 800 20
ASPH, CONC. SURF. CA. 6227 TN ¢ 't200 47
ASPH. CONC. BIND. CR. . 9SS TN o 1200 7
ASPH. AGGR. BASE CR. 135642 TON 4l 1200 13
CONC. CURB & BUTTER %2 W 300 61
CONC. MED. BARRIER 9823 \F 1000 80
CONC.  MEDISW 2168 Y 150 14
PIPE CLLVERTS(15"-24¢) 25040  LF 200 125
PIPE CULVERTS(30*-54*) 1612 UF 150 1
PIPE CLLVERTS (60" OR )) 0 IF 100 0
A0 e CATCH DOSING , WNHOLES, ETC, 283 EACH 8 35
i! GUARD RATL © 66T IF 300 106
PIPE UNDERDRAING 0 F 300 0
BRICK MASONRY o oY 25 0
CONC. FOR STRUCTURES 3oy 8 Ab
FENCE 11600 LF 300 39
SEEDING 142 MY 18 B
B
;I T0TAL 894
(CONCUSRENCY FACTOR = 0,5)  AOJUSTED TOTAL(DAYS) awyf

COMPLETION DATE : JUE 30, 1990 —O K~ 9‘2}

Figu 4, i
gure 13 Calculation of Contract Time Sheet (South Carolina)
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i 30! | 267| 2681 2=pl 2291 209\ /191 | 174 | 2631 158} /53

1.

e .
carber 3 306 2| 213 ) 255] 2241 2/4 3 /96 | /1791 /ea | 76 3.1 /58
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Figure 4.14 Grading, Drainage, Base, and Surfacing Project
Time Chart (South Carolina)
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$§é$ shown, equals 447 work days. Considering a contract letting
in June, 1987, and 163 work days/year as determined by the

time chart of Figure 4.14, work through the full month of

- K
Y - -

g~

June, 1990 is necessary for this particular project.

To show the effect on the number of anticipated work
days per month by the type of job involved, a time chart for
resurfacing projects 1s shown 1In Fligure 4.15. As can be
seen, these values differ significantly from those of Figure
4.14, and the total number of anticipated work days per year

is calculated as 147 vice 163.

WYOMING

The Critical Path Method is used by the Wyoming Highway
Department in determining contract durations. The procedures
followed were summarized by the Transportation Research Board
in their Synthesis of Highway Practice, Special Report 79
entitled "Contract Time Determination" and are included as

Appendix E.

LA

SN SN

"

.

-

Al
§

L]

.

. »

O s I S AT R AT " e N A A AR AT I 5% GT A" A e, " TN



@

AP

L LT

-,

“®

EEBICAN UM AR R AR AN AR AR R AN Y RN

LU RN

RESURFACING PROJECTS
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CHAPTER V

e . >

CONCLUSIONS AND RECOMMENDATIONS

A. Conclusjons.

As outlined 1in this report, there are varlous methods

e - -

used by state transportation agencies for setting time limits
on construction projects. Most commonly, the basis for

determining contract time 1includes reliance on construction

]

seasons, anticipated production rates, work-flow techniques,

and estimated project cost. 1In most cases, a comb‘nation of

two or more of these methods 1is wused in contract time

b determination, depending on the slze, type, and urgency of
the work involved.

Probably one of the most 1important factors 1in the

determination of reasonable contract durations 1is the

g performance' evaluation of existing methods being used. While

most agencies stated that their procedures were based on

historical data, only the Malne Department of Transportation

provided documentation (although "sketchy") in their survey

e

response that showed the monitoring of estimated work days
X versus actual work days, and estimated productivity values

versus actual productlvity values (see Figures 5.1 and 5.2).
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Figure 5.2 Estimated-vs-Actual Productivity Rates (Maine)
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To determine the wvalldity of existing procedures, 1t 1is

essential that careful observance be made on all Jobs,
whether they are completed early, late, or on time, with
diary notes kept on determining conditions of each.

To best make wuse of historical data, an agency should
maintain a construction data file that contains such items as
production rates, time, weather effects, effects of various
job conditions, etc. that cover the previous 3 to 5 year
period. Factors discussed earlier in this report including
construction season effects, agency cash flow, availability
of potential contractors and/or materials, related utility
work, and agency commitments should also be given due
conslderation before final determination of contract time 1is
made. In many cases, standard productivity rates included
with agency survey responses were not the same rates used in
representative project time determination worksheets provided
by the same state agency. As previously discussed, revising
figures to accommodate the wunique conditions of each
particular project 1is Iimportant, but when doing so, it ls
just as important to document reasons for revisions for
future evaluation.

The objective of the agency 1is the satisfactory and
timely completion of work; not the collection of liquidated

damage527.

To this end, it is the agency's responsibility to
ensure that contract times are reasonable. Contracts that
contain more time than iIs necessary to complete the work, as

88




well as contracts that do not allow adequate time for project
completion, may result In a poorer quality 3job, or an
increased cost of construction.

Even with wutmost care and consideration given to the
determination of contract durations, problems may still
occur. Factors may be overlooked during the planning stages
of a project, contractors may bid more work than they can
handle, wunion difficulties may arise, or site conditions may
vary from those thought to exist at the time of contract time
determination. It 1is this polint 1in time that an agency's
scheduling efforts in determining contract time becomes
extremely valuable. Schedules developed by an agency can be
very useful for monitoring work progress, and aid in
determining whether steps must be taken to get the contractor
back on schedule. They also help substantlate liquidated
damages that may be assessed agalnst a contractor, or refute

unjustified contractor claims for time extensions.

B. General Recommendations.

The Transportation Research Board has suggested the
following general gulidelines for state agencles when
computing contract durationsza:

1. It 1s recommended that agencles be flexible 1in
establishing project working days or completion dates. It is
not desirable to be highly restrictive in specifying contract

duration. For some projects, selecting contract time based
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on construction seasons appears to have merit. Liberal use
of construction-season time limits on paving and resurfacing
projects will help contractors in keeping bids reasonable.

2. When a contract must be completed within a narrow
range of time, speclfying a contract completion date is
preferable to the stipulation of the number of working or
calendar days.

3. Once specified, contract time becomes a contractual
condition and should be rigorously enforced.

4. Liquidated damages should be prescribed according
to the time that traffic and/or the general public is
inconvenienced, and for direct engineering supervision costs
of minor completion off the roadway.

5. The time required to complete a construction project
may be based on past experience with similar work. It is
recommended that a formal rational approach be developed for
use in determining time requirements.

6. Some means of showing the time available for
specific 1items of project work 1s recommended. A precedence
(CPM) chart or bar chart may be prepared manually or with the
aid ¢f a computer.

7. Time schedules should be compared with the actual
progress on the project. The contracto; should be required

to prepare a revised schedule if a work slowdown occurs.
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@gg& 8. Enforcement of time charges on working-day contracts
should be administered uniformly and fairly. The contractor
should be given the opportunity to contest time charges. '

9. Production rates and other variables wused to
estimate contract time should be updated monthly or after
each major letting. Data not reflecting current conditions ]
should be removed from the file.
10. In setting contract time limits, a decision must be !
made on whether to have the construction project completed by
a speclfic date at any cost or to have the project completed '

in a reasonable period of time at reasonable cost. The

agency should be responsible for 1identifying the projects

-

N that must be completed at the earliest practical date. The
‘gﬁ? agency must also decide whether to wuse only 1liquidated
damages or to specify 1incentive payments 1in addition to
liquidated damages. !

11. Each method of setting contract time should be

evaluated by comparing contract completion times to actual

-y -

completion times. An analysis of the frequency of the use of
liquidated damages and bonuses should be made when G
modifications of the methods are conslidered.

Another recommendation 1is that the states make an
attempt to establish common terminology for work categories ]
so that comparisons can be made, at least within geographical
regions, to assist 1in the -evaluation and wupdating of '

currently used productivity rates and other job factors.
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c. C e.

In the vast majority of cases it is not necessary for
agencies to determine exact day-to-day schedules for
projects when establishing contract time, it is only
necessary to conslider those work ltems that are significant
or controlling in nature. For this reason, witih the
exception of large, complex projects, simple bar charts are
more than adequate when determining reasonable contract
durations. They are easy to understand and prepare. The
following step-by-step approach, nearly 1identical to the
approach outlined 1in the June, 1981 ASCE paper "Setting
Highway Construction Contract Duration" by Donn E. Hancher,
and James E. Rowings, 1is offered as a suggested method of
determining contract time, using the work 1items and
dependencies of the 1Indiana bridge project shown In Flgure
3.14.

Step 1. The first step 1in determining the amount of
time necessary for completing a particular project is to
examlne all project drawings, speciflcations, and contract
documents. In ordexr to determine all of the necessary work
activities which must be completed on the project, the person
establishing the contract duration must become familiar with
the existing conditions, the scope of work, and any special
requirements or procedﬁres which are incorporated 1in the

contract. This step will help determine the type of
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contractor that is expected to bid the job, thereby
indicating the 1range of anticipated productivity rates for
the project.

Step 2. Once there 1is a full wunderstanding of all
project requirements, significant and controlling work
activities must be identified. These activities should be
numbered and 1listed as close to chronological order as
possible on a worksheet such as that shown in Figure 5.3.
The corresponding quantities for each bid 1item or work
activity should be 1listed in the third column of this
worksheet. Consideration should be given to significant
material procurement periods, as well as time periods
necessary for such things as shop drawing
submittals/approvals, or concrete curing.

Step 3. After all salient work activities have been
identified and listed, the project logic must be
established. This involves the 1identification of those
activities that must precede the activity in gquestion. These
dependencies should be 1listed in the sixth column of Figure
5.3.

Not all logic 1is based on starting an activity
immediately following the completlion of a preceding activity;
there are a few varying relationships that may occur, such
as minimum or maximum time periods specified between start-to-
start, start-to-finish, or finish-to~-finish activity times.
The variation that is most common, and of most importance to

93

vvy

o Sl

Ve - &

T Yty

.
.
-,
Y

P N N L ) w.A-{ -,.*-.'- N e e Tt et L U A A N S T T e N N N T SN AT N A \‘\.‘_-,." SR \‘_\."‘.' LG
o 4 4 & e, - . Mok, . X N . 5 ¥ . 3 N . . g ol B 4 i N



N T NN T T T T A A T T T N I O I N I I I A Ol S Y o R O R O T IR oS O Q0 Al Rt % S e Ba 8yt 97 by

]
"
'\
2
»

e a

»ow w8

Egg CONTRACT TIME DETERMINATION WORKSHEET

(1) (2) (3) (4) (5) (6) (7) (8)
K Daily Act. Start|Finish
3 No. Work Item Quantity |Productivity|Dur.|Depend.|Time Time

B - o o

oy
- -

e

N R

o R

%

A % Figure 5.3 Contract Time Determination Worksheet
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@ the 1individual determining contract time, is the start-to-
start relationship. This case has many occurrences in

construction. For example, in a new road construction

. o ~
R g

project, paving may begin if it is started a certain distance
' (or time period) behind roadway preparation operations, or
D forms may be stripped from concrete slabs a certain number of
4 days after the concrete is poured but before it has finished
A curing. This relationship can be indicated on the worksheet

by showing the number of days between activity start times 1in

e work days placed in parentheses after the activity listed in

column 6. An advantage to this step is that it helps to
S identify work activities that may have been omitted from the
ﬁ e, original work item 1list, work 1items that need further
;. dEEL breakdown to support the 1logic, and work items that may be

) grouped together without confusing the project loglic.

Step 4. The next step is the establishment of actlivity

e
fole = & B W UG W IL5 s S et~ ome = Syt =~ - - T

e durations. This is accomplished through the wuse of

anticipated productivity rates for each of the work

QX L F
PN

activities. As discussed earlier in this report, average

w product}vity rates should be based on historical data of the
t past 3 to 5 years, and reviewed and updated periodically to
Y ensure rellability. once the productivity rates are known
ﬁ for each of the work activities, they should be entered into
? the fourth column of Figure 5.3. Activity durations, located
g in column 5, are calculated by dividing the work item
Y quantity in column 3 by the the daily productivity rate in
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égg? column 4. The resulting value, which zhould be rounded up to
the nearest whole number, is the number of working days an

individual work item requires for completion.
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YO e

o
‘."

Step 5. With the project logic established, start and

" finish times for each activity may be determined. The
% assumption is made that the project starts on work day 0, )
? and all actlvitles that have no precedling activitlies which {
X are depended upon have a start time of 0. This should be 3
% entered in column 7 of Figure 5.3. Finish times for these E
? activities then are simply their durations, which are listed
i in column 5. Finish times should be placed in column 8.
% Next, the activities that have dependency relationshlips are

conslidered. For each of the activities, a comparison must be

i:g;

made of the finish times of all preceding work items that the

}
W activity 1s dependent upon. The 1largest value of these
)
K becomes the start time and 1is entered in column 7. The
i finish time 1is then calculated by adding the activity

duration to the start time. When consldering activities that

by have start-to-start relationships, the number in the

parentheses should be added to the start time of the

>

ﬁ: preceding activity and compared with the finish times of any .
E other preceding activities. This procedure is continued

until start and finish times for all activities has been
! determined. The largest of the finish time values in column
n 8 is the contract time in work days. Any special
T considerations for contingencies may be added at this time. 3
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x'ﬁj Completion of steps one through five is all that is

necessary in determining contract time for working day -

contracts. Figure 5.4 illustrates the manner in which these b

steps are taken and documented. As shown, not including any ?f
contingencies, contract time for this particular project is .

90 working days. ?

If it 1is desired to express the contract time in E

calendar days, or as a calendar date, a work-day-calendar Q)

conversion chart based on location and project type should be *E

used, simlilar to those used by South Carollina, as shown in f

Figures 4.14 and 4.15. ;

Step 6. To make full use of the information that has f‘

- been tabulated up to this point, a time-scaled bar chart %
f; should be drawn. As discussed earlier in this report, this 5
is a wvaluable tool that assists In the visuallization of the if

construction logic and the monitoring of construction p

progress. Figure 3.14 shows such a chart for the values 2

found 1in Figure 5.4. A calendar day bar chart could just as é

easily be completed with consideration given to non-working ;

weekends and holidays. when considering non-work day E

periods, activity durations for such items as concrete curing Ef

would have to be adjusted to account for curing during these i

time-frames. N

There are numerous computer software programs on the 3

market that have the capablility of performing the steps N

. ) described above, and much more. With only minimal effort, s
@ 97 N
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CONTRACT TIME DETERMINATION WORKSHEET

(2) (3) (4) (6) (8)
Daily Act. Finish
Work Item Quantity |Productivity . | Depend. T ime

Move-In -- -- -- 5

Remove Existing
Structure 10

Order & Deliver
Piling 21 21

Construct Fill 8,000cy 500cy/day 26

Bent 1
Cofferdam 1l ea. 29

Bent 1 Piling 1,5001f | 5001f/day 32

Bent 1 Form &
Place Footing 10cy 10cy/day 33

Bent 1 Cure
Footing 34

Dewater, Form &
Place Bent 1 Stem 20cy 10cy/day 36

Bent 1 Cap 10cy 16cy/day 38

Bent 2 Cofferdam 1 ea. - 32

Bent 2 Piling 15001¢ 5001f/day 35

Bent 2 Form &
Place Footing 10cy 10cy/day 37

Bent 2 Cure Ftgqg. -- -- 38

Dewater, Form &
Place Bent 2 Stem 20cy 1l0cy/day 40

Bent 2 Cap 10cy 10cy/day 42

North End Bent
Drive Piling 10001f 5001f/day 37

FIGURE 5.4 Contract Time Determination Worksheet
(Indiana Bridge Project)
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CONTRACT TIME DETERMINATION WORKSHEET

(2)

Work Item

(3)

Quantity

(4)
Daily
Productivity

()

(6)
Act.
Depend.

North End Bent
Form & Place

30cy

10cy/day

15,17

N. End Bent Cure

18

South End Bent
Drive Piling

10001¢

5001f/day

17

South End Bent
Form & Place

30cy

10cy/day

S. End Bent Cure

Order/Dlvr Beams

Set Beams

Form & Place
Diaphrams

Cure Diaphrams

Form Deck&Coping

Rebar

60,0001bs

20,0001b/day

Place Deck W/0
Support Cuttouts

150cy

150cy/day

Remove Bulkheads
& Place Concrete

20 cy

10cy/day

Cure Deck

Form & Place
Top Wall

3ecy

15cy/day

Cure Top Wall

Reinforced Conc.
Approaches

180cy

30cy/day

FIGURE 5.4

9

(Continued)
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gg; CONTRACT TIME DETERMINATION WORKSHEET
R (1) (2) (3) (4) (5) (6) (7) (8)
2 Daily Act. Start{Finish
5 No. Work Item Quantity |(Productivity|Dur.|Depend.|Time Time
’! J—
3 35 | cure Approaches -- -- 4 34 75 79
i
Place Compacted
36 Aggregate 450tons | 2000tons/day| 1 34 75 76
} Place Bituminous
™ 37 Mix 250tons |1300tons/day} 1 36 76 717
. 33,35,
1 38 Bridge Rail 8001f 6001f/day 2 37 79 81
0
; 39 Guard Rail 12001¢ 6001f/day 2 37 77 79
)
' 40 Seeding&Sodding 5000sy 2500sy/day 2 37 77 79
¥ 38,39
K 41 Clean Up -- -- 9 40 81 90
:
s ‘*i. FIGURE 5.4 (Continued)
b
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ggg& the wuse of such programs can be mastered by state agency
personnel, resulting in much less time and effort necessary

in determining reasonable contract durations. O
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APPENDIX A
o STANDARD PRODUCTION RATES FOR ESTIMATING WORK DAYS
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TABLE A-1.3 - STANDARD PRODUCTION RATES FOR ESTIMATING WORRING DRYS

teitertteatestatettatraaeendttesteettttetttranreetaatpbettetttaatterrst oo naartottasetstarnarteatpetetaaaast

tSubbase Trtmat. t 5 days (b}
t t 600 tons/day (c) ¢

tretpteaeeeeepeseetteeeetnseteepeaateeatantettaaeteetaeaatetananateteanaetoatanteetaaanteeeesantaeroaetsets

t  WORK ITEM t ARKAKSAS t FLORIDA * LOUISTANA t MARYLAND t
trtreeRt ettt Rttt ottt Rt et ata et ettt ettanaatttoaartetaantattaaantteatnnntboatanaettaasitsttatast
tove-1n ¢ 5 days t15-25 days {a) * t 10 days
tClean up t § days t t t 10 days t
tClear & Grub t 9 sta.fday (b) t  1-10 acres/day * 1.5 acres/day t t
t t 10 sta./day {c) ¢ ) * '
tSeeding t t 15000 sy/day (e) * t t
*Sodding t t ! ' '
tPence t t t500-1000 If/day ¢t t
t t t t 4 t
tCurb ¢ Gutter t t 300-700 1f/day * 700 1£/day t t
tSevers/Pipe t t 100-400 1f/day (m) * 200 1f/day (<36") ¢ t
t t H L 1 ¢
tihls,Inctn Bxs,CBst t t 2/day, adj.-6/day * t
tShldr Underdrains t t t 1500 1f/day t t
tgdge Drains t t t t t
tPraff.Striping t t 10 ai/day (A.C.Pvet) t t
t t t t ¢mifday (PCC Pvat) ? t
tColverts t t t t !
£ t t t t t
t t t t t t
tBox Culverts t t t t 10-15 cy/day (s) *
t t t t t 60-15 cy/day {t) ¢
tiater Nain t t t t t
*Gas Lines t t t t t
tLight Standards " * t 4 t t
tfraffic Signals ¢ t ' s t
tRefl.Pvat Mrkrs ¢ t 500-1000/day (v,x} t 1000-2000/day (y) ¢ t
t0H Sign Struct. ¢t ¢ t t t
tGoardrail t t 1500 1f/day (v) t 500-1000 lf/day ¢ 1000 1f/day t
tExcavation t600 cy/day {Rdwy) (b} ¢ uses curves t 3000 cy/day (rural) *100-150 cy/day(CL.IIT)®
t 100 cy/day (Rdvy) (c) ¢ t 1000 cy/day (erban) * t
tBorrov t 600 cy/day t uses curves t t t
tHucking t t 3500 cy/day (lrg.proj)? t
t t t t1000{t-1/2zi/day(dtch)? t
tTrenching t t t 1000 1f/day t '
tSubbase & Sel.Sub.? t t t t
t t t t t t
tSubqgr.UndectéBekf]t t t t t
tScarify/Capct Rdbd? t t 1 ni/day t t
tShape Roadbed t t t 1 mi/day t t
tStabilized Roadbedt t 5000 sy/day (bv) t t t
t t t
t t

t 8000 sy or 1 ai/day
$

Notes beqix on page 112
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TABLE A-1.b - STANDARD PRODUCTION RATES FOR ESTIKATING WORKING DAYS

I L L I L I T A A T R A R R T T RN a R RN i iRt e Rt ietasisstsinsantiss]]

t  VORK ITEM i MICHIGAN ¥ MINNESOTA t NEW JERSEY t NORTE CAROLINA (cc) ¢
teegttRes et E Rt R RRIRRLIRR LR LILCRSLIRRRRKRRCERROLRSRSRESRRCLELERRRRRGSORSLRRGIROSSARSSECRRORG IO RARASESOSRELLS
tHove-Ia t 10 days * 8 days t 10 days t ¢
tClean up 10 days or 20 sta./dayt

tClear § Grub 2 acres/day {-10 acres/day (bv) t 1/4-10 acres/day (d)

t

tSeeding 10 acres/day 10 acres/day 10000 sy/day 1-3 acres/day (f)
tSodding 2500 sy/day 2500 sy/day

1000 1£/day (g)
2000 1§/day (h)
2000 1£/day

{00 1f/day (h) 300-2000 1£/day (i)

t 500 1£/day (h)

tCurh & Gutter 2500 1f/day (k) 200-500 1f/day (1)

4
t
4
t
tPence t 1200 1£/day (q)
t
% 100-1000 1£/day (ca)
$

tSevers/Pipe 40-120 1f/day (n) 300 1f/day (¢=24") 50-120 1f/day (bx) 50-300 1f/day (o)
t ¢ 150 1£/day (>=30"|

thhls,Inctn Bxs,CBst I1-4/day 40 1f/day (48*diam.)

tShldr Underdrains *

tRdge Drains t 4000 1f/day

tfraff.Striping

¢

tCulverts 120 1f/day (p) 300 1f/day (¢=24")

]
t

thox Culverts
%

tfater Main

156 1f/day (q)
5 days/unit (r)
5 days/poor

150 1£/day (>=30%)

80-300 1f/day (u

2 M 3 M % M M M e 2 3 N e PR 3 M N Y e M e

s P e W 2 TR e R e M e D M P e N M P W M M M e M e

% M S s M e T e e e X 2 M N

tGas Lines 300 1f/day

tLight Standards 6 ea/day { wnits/day

tfraffic Siquals 15 days/intrsctn.{v) 10 days/inttsctsn.(v)

tRef].Pvat Nrkrs ¢

t0H Sign Struct. t  $-7 days/unit

tGoardrail 150 1f/day 150 1f/day s 50-1500 1f/day (z)

texcavation t800-12000 cy/day (ab) *2000-10000 cy/day (ac)t 500-2000 cy/day (ae) t 100-8000 cy/day (af)

t t t1.5 sebstruct./day(ad)t

tBorrov t t2000-10000 cy/day (aj)t

thucking t 2000 cy/day 2500 cy/day t

t t

ttrenching t

tsabbase & Sel.Sub.t 20 sta./day (¢=2{ft) 50-350 cy/day (by)
t t 15 sta./day (>24ft)

tSubgr.UndrcteBekElt 2000 cy/day
tScarify/Capct Rdbdt
tShape Roadbed ¢
tStabilized Roadbed?

tSgbbase Trtant. ¢
t t | 4 t t

teeeeeeeaeeenetaeteaeesenoeeoeeeteseaneoeeettaeanetoteaeeteeeeaseeeetitetpoaeRnaaRstonsRsetseatatotaetises
Notes begin on page 112
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K % TABLE A-1.c - STANDARD PRODUCTION RATES FOR ESTIMATING WORKING DATS 'f
. trtetsresaetataeaeananenaaaanttttetaRoteanattttttassettetttataetotateopenatntateatasaetotettsttethtasasntsats
v t  WORK ITEN t NORTH DAKOTA t OKLABOKA t YISCONSIN t VYONIKG !
: itlQQtt"t!t!ttt!"tMtﬁt"Htt"!ﬂtt“tntlt“MM!!HltttttHt“tt!ttttttttﬂﬁHﬂ‘ttﬂtﬁtﬂH!tttt“tttttt
! tHove-In t t 20-30 days t t 5-10 days
' tClezn up t t t t t X
N tClear & Grub t t t 10 sta./day t t '
t t t t t t
X tseeding t t $20000 sy or 360 lb/day* 10 acres/day ! 3
X tSodding t ' t t 5000-10000 sf/day * '
R tPence t t t 500 1f/day {q,h} t 70-2000 1f/day (j) * ]
i t t t % t t o
4 *Curb & Gutter ¢ t t 500 1€/day t 500 1f/day t .
tSevers/Pipe t t t 100 1f/day t 200 1£/day t
’i t t 4 t 1 t t
b tNbls,Inctn Bxs,Chst t t t 1-2/day ¢ )
h tshidr Underdrains t t t t t 9
' tRdge Drains t t t t t 3
! trraff.Striping ¢ t t ¢ t 3
t ¢ t t t t
(7 tCulverts t t t t o 200-300 lf/day ¢
X t t t t t t
4 t t t t t t .
i; thox Culverts t t ot t t K
4 , t t t t t t byt
@ tYater Kain ' t t t t
4 i tGas Lines t t t t t ;
tLight Standards ¢ t t t t A
¢ trraffic Signals ¢ t t t t !
R tgefl.Pvat Nrkrs ¢ t t t t o
f, t0H Siqn Struct. ¢ t t t ! ¢
tGuardrail t t t t (aa) t
: tgxcavation £1200-12600 cy/day (aq)*3000-10000 cy/day (ab)* 300 cy/day (urban} (ai) t K]
v t t t t 5000 cy/day (reral) ¢ t s
i torrov t t t 350-1000 cy/day (ak) ¢ ! -
L ‘Huckinq t t t t t ¢
K t t t t 1 t 1
ttrenching t t t t t
5 tSubbase & Sel.Sub.? ¢ t t t
[ ¥ t t t t t t :.
:' tsubgr.UndrcteBekflt ¢ 0.5 ei/day t t t )
i tScarify/Capct Rdbd* t t t t 3
' tShape Roadbed ¢ t 2 days/ai. t t t X
tStabilized Roadbedt t t t t
; tsubbase frtmat. ¢ ¢ t t t b
. t t t t t t &
: teeeteeseneeetoteteseeeeeaeeeasetaeteesaaseeeettateseaeanneoeneneneteetaaneeotonseeaeseaaeeooapeteosantteett ::
Y Notes begin on page 112 )
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TABLE A-2.4 - STANDARD PRODUCTION RATES FOR ESTIHATING YORKING DAYS

thettetatetataseetetaensettatatttettanttttepatneatoeaasetetedrttentadsttttottsntotesesttattasaeeetaetneetetoetet

t o OVORK ITEN  t ARKANSAS t FLORIDA t LOUISTANA t NARYLARD t
treeenstitanateatateataasertsrtataattatntanetaadtanteatohtnaeaeetettteaeaatattatesettoteaneeeattetttttttaant
tLime Treatpeat ¢ t + 6000 sy/day (24 ft) ¢ t
d t t t 5000 sy/day (20 ft) ¢ t
thgq. Base Course t 3000 tons/day t uses curves t §000 sy/day ! t
t t H t t t
thgg.Sorf.Course t t ¢ 300 cy/day t t
t1gg. Shoulder t t t ¢ t
tBase Course £600 cy/day(or tons}(b}* uses curves 1500 cy/day{non-stad.}t t
t *1000cy/day(or tons)(c)* 1000 cy/day (Class I) ¢ t
tpit.Pavenent t 5 days (b) t uses curves £500-1000 toos/day (as)t t
! t 600 tons/day (e} ¢ t ! t
tCold Nix t t ¢ 4 t
f8it.Shonlder ¢ ' ¢ 300 tons/day t t
t t t H 1 t
tjt. Curb t t t 1000 ft/day t t
tPrime/Tack Coat *t S days (b) or t t 5000 qal/day t t
t t 5000 gal/day (c) ¢ t t t
tSeal Coat t5 days (shldz) (b) or t t t t
t 2500 gal/day(shldr)(c)t t t t
tpatrt.Bauls.Concent t t ! t
t5lurry Seal t t 4 t t
tSurface Trtmat. ¢ t 200 cy/day t t t
tPfab.Coal Tar Meabt t t t t
tBreaking Bit.fvat.t t t 10000 1f/day ¢ '
fRemov.Bit.Pvat. 1t t t 1 ni/day t t
t t t t t H
tNill Bit. pvat. ¢ t 4000 sy/day (bb) t 5000-10000 sy/day ¢t t
t t t t t t
tConc. Pavement ¢ ' 5000 sy/day t 2000 sy/day t t
t t t t t t
tsidevalk t t 300 sy/day t t t
tConc.Shldr/Median ¢ ¢ t t '
tConc.Med.Barrier ¢ t t 500 1f/day ¢ '
t t t t t t
Epoxy Coating ¢ ¢ t ' 150 sy/day ¢
tRemove Conc.Pvat t t 500 sy/day t 10-15 cy/day (deck) ¢
tRenove Curb t t t t t
Renove Conc.Nediant t t t '
tRetaining vall ¢ t ' t 10-15 cy/day t

t

1Gabioas t t t t
tteeeestetetnsetstseestettateanotattneaeattastpetanateeaettestdteettattractnsttttrastasseeteastetsseesettaetttest

Notes begin on page 112
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% TABLE A-2.b - STAKDARD PRODUCTION BATES FOR ESTINATING WORKING DAYS
e Rttt ettt Rttt Rttt iR ettt Rttt ettt Rt et atanttatettnesttsssteteteassss
t o OWORK ITRN ¢t HICBIGAN *  HINNESOTA * NV JERSEY  * NORTH CAROLINA (cc) ‘
Bttt RN e R R R Rt ARt AR RO ettt ettt AR Rttt et Ruteeeettatenesssrettasstses :
tiime treatment ¢ t t t '
¢ t t t t t 3
tAgq. Base Course ! 3000 tons/day (rural) *  50-350 cy/day or  *200-3000 tons/day {ame}!
t t t t 250-2000 sy/day (al) ¢ '
tAgg.Sarf.Course ¢ t t t '
*Agq. Shoulder t t 2400 tons/day t t t
*Base Conrse ' t t *300-600 tons/day {ap) ¢ A
] t t t t t ¢
tBit.Pavement t {0 sta./day (24£t) *1500-2400 tons/day(au}250-1060 “ons/day (av) t200-1500 tons/day (bz)! !
t t 10 sta./day (at) ¢t t t t
tCold Mix t t ¢ t {
tBit.Shoulder 25 sta./day(lsid./crs)t 600 tons/day (3 £t) ¢ t t
' t 1500 tons/day (10 ft) t t :
tBit. Curb t b t :
tPrime/tack Coat ¢ t 2000-10000 sy/day (ay)
t t t
tSeal Coat t t
' t t ;
tPatrt.Bauls.Concent t ).
Slurry Seal ¢ ot ]
t
t
t

- tSurface Trtmat., t
\ ® tPfab.Coal Tar Heabt
- tBreaking Bit.pvat.t

tRenov Bit.pvat. ¢ 200 1f/day
t 1500 1E/day (az)

tMill Bit. Pvat.
t

* 150-1000 sy/day (ba)
4

N P e e e M e P e W e e

30000 sy-in/day (c) *1000-2500 sy/day (bd)
12000 sy-iea/day (be)
10000 sy/day (bf} * 225-2500 sy/day (bh) t1000-5000 sy/day (bi)
2000 sy/day (bg)
2500 sf/day ¢ 100-225 sy/day (bm)
4000 sy/day
1200 Y/day (Pcst)
1500 1£/day (CIP)

tConc. Pavement
]
tSidevall 2000 sf/day (bl)

t

1

t

t 15 sta./day (be)

t

t
tConc.Sh1dr/Median * 15 sta.or 1500sy/day

t

t

t

t

t

tConc.Hed.Barrier 1000 1f/day (k)
4
*2poxy Coating

tRemove Conc.Pvat

tRemove Curd

fRemove Conc.Nediant

tRetaining ¥all  * 1 panel/day (bq)
tGabions t t t ¢
treeteeeetesasattetseteaetsaaneteetteteaetpaanteteeattetosattseeataanaatneattoatttasreteottaratteetsatesatnttt

Notes begin oo page 112

2000 sf/day (dect)
150-500 1£/day (bo)
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TABLE A-2.c - STANDARD PRODUCTION RATES FOR ESTINATING WORKING DATS

teeeetttteetaattetttattsetnttbtattteaonetateaatnatnaaetoattaaettooaneatteaenstatteaateanaaaappottedetaatasatt

t VORK ITEM t NORTH DAKOTA t OKLABONA t YISCONSIN t YYOMING t
teetteteeeteaeaeteetattaeeantetaetetatetetatasteaeseanstataaettentateasetaanesannaaetesestaeeteatasrearsses
thine Treatmeat ¢ t % t t
t t t t t t
tAgq. Base Course *600-5000 tons/day (an)'SOO 1000 tors/day (ao)* t 2500-5000 tons/day ¢
] 4 t t
tAgq.Surf.Course ¢t t t t t
tAgq. Shoulder t t t t t
thase Course t 250-1000 tons/day (aq)t 2000 tons/day *lOOO-SOOOtons/day {ar]t
t t t t

tgit.Pavenent 1600-2000 tons/day (av)*ZSO -1006 toas/day (ax)t 500 tons/day (urbaa) *ISOO-ZSOOtons/day(vrql’

tBpoxy Coating
tRemove Conc.Pvat t1600-4300 sy/day (ba)
tRemove Curb t
tRemove Conc.Mediant
tgetaining ¥all ¢
tGabions t t t t  100-150 sy/day
seastateeeeea et ateeeteeaaaeesestetateeeseeaatansnaeaasatesaa aseatetnteasasnaeneenaneaastatsteatansss

Notes begin oo page 112

5000 1f/day (Bit.)
3000 1£/day (bp)

t t 1000 tons/day (rural) * t
tCold Mix t1 ai/day/lift (2"max) ¢ ¢ t 172 ni/day t
tpit.Shoulder ¢ t t 1500 tons/day ' t
t t t H t t
tpit. Curb t t ¢ t t
tPrime/tack Coat 1t 2 ni/day t t t 5 ni/day (2-lane) ¢
t t t t t t
tSeal Coat t4 aj or 20000 gal/day t t t {-5 ai/day (2-lane) ¢
t t t t ¢ t
tpntrt.Bauls.Concent t t t 7 ei/day {2-lane) ¢
tSlurry Seal t t ot t 1/2-1 lane mi/day ¢
tsurface Trtmnt. ¢ t t t t
tpfab.Coal Tar Hembt t t 1 400 sy/day t
threaking Bit.Pvat.t t t t t
tRemov.Bit.Pvat. ¢ t t 1200 sy/day t t
t H t t t t
tfill Bit. pvat. t 2000 tons/day t t ¢ t
t t t t t t
tConc. Pavement t 1/ mi/day (rural) * 400-2000 sy/day (bj) * 1200 sy/day (erban) t 1 mi/day (bt) t
t t t t 5000 sy/day (rural) * t
tsidevall t t * 500 sf/day (conc.) * 675 1f/day or 100 sy ¢
tConc.Shldr/Nedian t 1 mi/day (10 ft) * ¢ t t
tConc.Hed.Barrier * t t t t
t t t t t 2000 1f/day (cb) ¢
t t t t t

t t t t

t t t t

t t t t

t t t t

t
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TABLE A-3.5 - STANDARD PRODUCTION RATES FOR ESTIMATING WOREING DAYS

trteRtttedanteeeto et rttrdtoretp ottt ettt tetetteetnnttatetnthbttandtttdeeestasasteasnrtteaeeset

t WORK ITEN t ARKANSAS * FLORIDA t LOUISTANA t HARYLAKD t
treetebtbttenteatetattetaaeteattttantaetaaptt et ansa Rttt ottt sttt anbtetthRttoaaeaiateeatRbtootantes
tBRIDGE WORK t ¥ t t t
t t t .t t t
tRemove Timb.Bridget * t 1 spans/day t t
tRemove Conc.Bridget t t t t
tConstruct Bridge t * uses charts t 10-15 days/span (br) t !
tConc. Footings ¢ t ' t 15 cy/day t
tSabstructure t t t t 20-25 cy/day t
tPiling t 1 t 500 ft/day t 200 1f/day {CPI}) ¢
t t t t 0.5 ea/day (Cylinder) *
t t t t * 350 1f/day (H-piles) *
tClens, Caps, Abtantst t t t t
tstruct. Steel t t t t o 350-450 1f/day ¢t
tpstress.Conc.I-Bmst t t t 3-4 ea/day t
tBean Erection t t t t ¢
tSuperstructure ¢ t t t 3$-50 cy/day t
tSdvlk & Parapet ¢ t t t t
tS1p.Form Barrier ¢ t t t t
tLaytex Overlay ¢ t t t 1.5 cy/day t
tRailing Reconstr. t £ t s '
tReplc.or Widn.Deck? t ot t t
toverlay Deck t t t t t
thov Slump Overlay t t t t t
tHill Deck t ¢ t t t
tClean Struct.Steelt t t £6400 sf/day (by hand) ¢
tpaint t t t 120000 sf/day or  6000-32000 sf/day (bu)t
t t t t 13333 sy/day t t
tSandblasting t t t t 12800 st/day t

trteeeasattttataasaoaeaaaaaaatattttantttaieteteattpettottasnettttttttosannettpttpnettsnanntttoenepritetsnst
Notes begin on page 112
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TABLE A-3.b - STAXDARD PRODUCTION RATES FOR ESTINATING VWORKING DAYS

ttittedteeaepestatateasaat et etaneteetntateatannttttteaattanannsetastnteeetaatentottetetptonsttesatits

t VORK [TEN ¢ HICHIGAN t MINNESOTA t NEW JERSBY * NORTE CAROLINA (cc)
1332332833822 328288228228 2823822228282 23 22322223802 8222¢28% 882282232822 3¢828¢8232 888238232322 82388023233281
tBRIDGE WORK t t t t t
t H t t t t
tRemove Timb.Bridqet t t t t
tRemove Conc.Bridget t t t t
tConstruct Bridge * t t {bs) t !
*Conc. Footings * 2 days/struct. ! t t '
tSubstructure t $ days/unit t t t t
*Piling t  15/day (40 £t} 600 ft/day (ad) t t 15-25/day '
t t ¢ 4 t t
¢ t t t t t
tClmns,Caps,Abtuntst t | day/stroct. (ad) t t
tstruct. Steel t 3 days/span t t t ¢
tpstress.Conc.1-Bast t t t t
tBeam Erection t t 1 day/span (ad) ¢ t ¢
tSuperstructure t t ¢ days/span (ad) t t
tsdwlk & Parapet ¢t § days/span t t t ¢
tS1p.Porm Barrier t 7 days/bridge t t t t
tLaytex Overlay ¢ ¢ t ¢ t
tRailing Reconstr. t t 30 1f/day t t t
tReplc.or Vidn.Deckt t 200 sf/day ot t t
toverlay Deck t 13-15 days (bt) ¢ t t t
thov Slump Overlay ¢t t 8000 sf/day (ad) % t t
tHill Deck t t 8000 st/day (1/4*) ¢ t t
tClean Struct.Steelt t t t ¢
tPaint t 5 spans/day t 3 spans/day t t 1 spans/day t
¢ t ] t t | 4
t5andblasting t t t t ¢

teteeereeeasRnet ettt seateeaaateaesaseeeteeeasaeteaRese st eseaaetassateasaaneaetensanetatosatareettsnt
Notes begin on page 112
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\ w TABLE A-3.c - STANDARD PRODUCTION RATES FOR ESTIMATING YORKING DAYS
?
1332222282228 42 228222222 82233 2323228222823 328230322 4438282232822 3 2283383222 222282 8322322220802 8822338082¢8¢
i t  WORK ITEK  t  NORTH DAKOTA ¢t OKLABOKA t VISCONSIN 1 VIOKIKG t
: 1288222282582 228222022 8222282222883 2022222202022 R2R83 222 2232222222228 2222 222288322 8288288%3]
’ BRIDGE WORK t t t t t
: t t t t 1 t
R tRemove Timb.Bridget t t t 2-3 days t
tRemove Conc.Bridge? t t t 31-5 days t ‘
tConstruct Bridge * t t t t ;
| tConc. Footings * t t t t ly
% tSabstructure t t t 10 cy/day t t ’
) fpiling t t t t t
1 t t t t t
t 1 t t t t
v tClans,Caps, Abtantst t t t t
tStruct. Steel t t t 25000 1b/day t t
: tpstress.Conc.[-Bast t t t t
! tBean Erection t ¢ t t
-# tSuperstructore ¢ t t 10 cy/day t t
tsdvlk & Parapet ¢ t t t t
. tS1p.Porm Barrier * t t t t
. thaytex Overlay ! t t t t
" tRailing Reconstr. * t t t t
N tReplc.or Widn.Deck? t ¢ t t
W 2,9 t0verlay Deck t t t t '
) g thov Slump Overlay t t t ' t
K ’ tNill Deck t t t t t
1 tClean Struct.Steelt t t t t
K tPaint t t t t 400 sf/br/qun ¢
' t 3 t t t t
! tsandblasting t t t t 2000 st/day t
teeteeeaeteseeeea ettt eatetatednnesattseeeaneteenseeeaesseaseteatanateaeaeaeasateeesesseaeeaseatttesesss
f Notes beqin on page 112 h
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R0 NOTES FOR STANDARD PRODUCTION RATE TABLES

15 days (normal), 25 days (resurfacing)

"Small" jobs

"Large" Jjobs

Major projects: 1-10 acres/day not to exceed 16 days
Grading/Paving projects: 1-8 acres/day not to exceed 16
Small rural widening pro;ects 1 acre/day

Small urban grogects 1/4- acre/day

Qanooe

§e§ Not to excee ays
f) Major projects: 1-3 acres/day not to exceed 16 days
Grading/Paving projects same as major pro ects
Small rural widening & small urban projec -2 ac/day
g wWoven wire
) Chainlink
i) Major projects: 1000-2000 lf/da

Grading/Paving _projects: 500—10%0 l1f/day
Small rural widening & small urban projs: 300-500 1f/da
(j) 2000 1lf/day (R/W fence), 640 1lf/day (12ft snow fence-6w
de11very¥ 70~-100 lf/éay (screen fence w/6X6 posts-6wk
delivery 1200-1600 lf/day SEélter fabric)
m

(k) Add 5 days Eure time (minimu ays)
(1) T&&ﬁ'}é"‘ ag%%m%%mh%mu;un
Barr. N/A
k Vert. Type 500 400 300 200
&m; Munlcipal cons 1ncludes ipe, inlets, manholes, etc.
n) 120 /dag 214t & WS P86 12/day’ (0-14ft over
60 1f/da¥ ft+ u to 60"), 60 1f/day (14ft+
over 60") f/day (jacked in Biace&
(o) Major & Grad 1ng/Pav1ng pro:ects 100-300 1f/day
Small rural widening projects: 100-200 l1f/day
Small urban projects: 50-200 if /day
10N (p) Rural highways
- q) Expressways
d Y Large hea walls
’ s Sing e cel
\ t) Dou le/trl le cell
b (u) 80 1f/day (20"-42"), 300 lf/day éup to 16"), add 4-5
ays_ for flushin ng chlorlnation
Ev Installation tim ?éoes not {nclude delivery time)
w) When slgnificant part of Bro ec
&x 500/day (0-20000 ea), 100 /da{ 62000 ea)
y) 1000/day ;tra fi resenti /day (no traffic)
(z) Major projects: 500 1f/4

Grading/Paving proaects 300 530 1f/day
Paving projects: 0-1500 1£/ aX
Small rural widening pro;ects 00-500 1f/day
Small urban 8ro:ects 50-300 1f/da
(aa) Remgve (30001f/day), remove corrugated beam

E

lf/daX), Corrugated beam (single blocked out)

0lf/day block out & add posts (7501f/day),

Reset block out and add posts to corrugated beam
(slngie% 65001£{dag , box beam (500-10001f/d4ay),

(ab) Friewsy {13000 cy/dayiy grading (25 sta./day),

a reewa c a rading sta./da
embag ment lt—%t f¥1i ?800 cy/ éay), Recongtr (5000
cy/day), widenin g (20 sta. /da¥ en. excav. fo
bridges (1000cy/ ay), excav or oot1ngs (1day/un1t)

(ac) Sgﬁggﬁr gsggnagr.
Common exc.-plastic soils cy Eﬁ%ﬁ% 2 ay

~-gran. soils 10000cy 6000c§ 2000cy/day
Subgrade excavation 6 4000cy 2000cy/day

vad) For bridges over streams and three to four span grade

separation units ,
S (ae) Construction (2000 cy/day), reconstruction (500 cy/day) %i
N~

)
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(af) (Unclasalfled, dralnage ditch, undercut, borrow)
Major project: 6000-8000 cg/da (Rock : 500-2000cy/day)
Grading/Paving project: 0-6000 Z/da
Small fural widening projects: 200 00 cy/day
Small urban projects: 100-500 cy/day

(ag) 0-20000c¢ 1 scraper @ 150 yds/hr @ hrs.= 1200 cy/da
20000/80 00cy 2508crapers @ 180 yds/hr @ 8 hrs = 2880

c use y
5000§0106 00cy: usey3 scrgpers @ 200 yds/hr @ 8 hrs. -

4800 g /day
100000-2 0000cy use 4 scrapers @ 200 yds/hr @ 8 hrs.

6400
250000~ 550000c§ use 5 scrapers @ 200 yds/hr @ 8 hrs. ‘
8000 K ds/day N
-1 g09g0cy use 6 scrapers @ 200 yds/hr @ 8 hrs.
s/da
¥ooooogcy use 8 scrapers @ 200 yds/hr @ 8hrs.
yds/day
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(ai)
.o mi use 7,0
up to 1000 use 400
1000-2000 ft use 100
w, Rock excavation use 2,0
6 Solid rock exc. use 560

i a Egﬁgpgr Bgsgggtru%ﬁlgn
( j)Plastic solils cy Eﬁ%ﬁkby cy/day

Granular soils 10000 cy 6000 cy 2000 cy/day

£a§ %290 c¥/day/un1t (T-pull), 350 cy/day/unit (truck)
a
ay

a
or 20005y/day 15003y/day 10005y/day 2505y/da§

(am) Magor projects 1000-2500 tons/day(mainline), 500-1200
ons/day(Y- lines & ra mps &
Grading/Paving pro ects: 1000-3000 tons/day
Paving grojec s 00-2500 tons/dag(mainline if
.q > 40, 000 tons), 500-1200 tons/day (Y-lines &

300-5u0 tons/day
tons/day

o
o
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<
~
Q
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5
ramp
Small rural widening progect
Small urban projects: 200-50
(SOIL TYPE)

Major projects: 2000-3000 cg
Grading/Paving proaect 0

Paving projects t
Small "rural widening pr ct
Small urban projects: 50

a
2600 cy/day
S

é%o 500 /d
c a
cy/day Y o

d
n

s
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sy/day) widening (750 sy/day), intersectlions (225

(bi) A{{ pro:ects é3 000 5 Q00 sysday), Ramps {(1,000-1,500
- . day "turnout tapers
i (bj) Mun1c1pa1 pav1ng §400 sy/da % rural av1ng (800-1,000
1 sy/day), arge our-lane { 000 sy/ ay)
N (bk) One-lane, 24
$ bl) For 31dewa1k patchlng use 700 sf/day
X bm) Concrete, construction (225 sy/day), reconstruction &
X, widening (175 s¥/day resurfac ng (150 sy/day),
intersections (100 s /dag
(bn) Rural (4,300 sy/day or 1500 1f/day), urban (1,600

" g§§g (bh) Construction (2,500 sg/day), reconstruction (1,000

) sy/da
¥ (bo) Recgnstguction (500 lf/day) widening, resurfacing,
K intersections (250 )

10 days minimum

br) Based on 20ft. span (CIP)
ibs) See Figure a1l page 118
bt) Entire deck, trafflc removed

gbp; 4ft. wide, 4in. thick, w1tg curbs

( days), 1/2 deck with
traffic 1nterference 13 dgg

15

s)
¢ (bu) 4-man crew, brush (6,000-8,0 s {day/coat), roller
d (8 ooo 16,000 sf/day/coat), airless spray (32 000
Yy -4 sf ay/coat?, conventional spray (16 600
N —32 000 S /da /coat
W (bv) Not t0 exceed 10 days

(bw) Construction and reconstruction (4 acres/day), widening
and resurfacing (10 acres/day)

N (bx) Includes one structure. Construction (200 lf/day),
reconstruction élOO lf/day) widening and
Y intersections Y)
he (by) Construction 35 g/day) reconstruction (250 cy/day),
. widening g/ ntexrsections (50 cy/day)
e (bz) Major pro;ects an gav ng 8rojects 800-1500 tons/day
f":’ )(lmﬁlnline), less than 800 tons/day for ramps and
- r A -llnes
. i Grading/Paving projects: 300-1,000 tons/day
% Small rural widening projects: "200-600 tons/day
g Small urban gro:ects 200-500 tons/4d ag
Ve (ca) Major projects and av1n pro ects 0-1,000 1f/day
! (mainline), 200-400 g nes)
W Grading/Paving pro:ects 10
. Sm?%}drural widening and small urban pro:ects 1006-300
Af ay
W §Cb Temporary

cc) North Carolina describes Major ?rojects as "Ma%or Urban

s and Rural Projects" with in excess o
. 1,000,000 { and Gradin ZPaving 8: 3ects as those
;: type projec s with less 0 0 cy of grading
Y
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(ap)
(aq)

(ax)
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0-5,000 tons use 4 trucks @ 15 t/load @ 10
1oads/da5 tons/d4d a¥
5,000-10,000 tons use rucks @ 15 t/load @ 10
loads/éag = 900 tons/ ay
000-25,000 tons use8 trucks @ 18 t/load @ 10
ioads/d ay,c 1,440 tons/day
25,000-50,000 tons use 8 trucks Q@ 18 t/load @ 14
oads/day = 2. 000 tons/day
50,000-100,000 tons usel2 trucks @ 18 t/load @ 14
ioads/dag = 3,000 tons/day
100,000-200,000 tons use 16 trucks @ 18 t/load @ 14
lo ds/day = 4,000 tons/da{
200,000 tons and u 8 use 20 Trucks @ 18 t/load @ 14
loads/day = 5,000 tons/day
Stabilized A egate Base
Underxr 40 088 tons use 500 tons/day
40,000-75,000 tons use 750 tons/day
ovér 75,000 tons use 1,000 tons/day
Soil Asphalt Bas " yse 4 mi/day, 6" use 3 m1/day
add 1 day for each 000-2,500s8y of material haul 1ed.
PC Treated Base (Shouléers ), 1 day/2,000-2,500sy
Sand asphalt
Bituminous Base-Fine or Course gregate
Under 15,000 tons use 250 ton 3
15,000~ 36,000 tons use 500 tons/day
30 000-75,000 tons use 750 tons/day
ovér 175,000 tons use 1,000 tons/day
Plant mix base (4,000-6,000 tons/dag& streets (1,000
tons/day), 1.5 m1. haul 2,000-3, 6 tons/dag&
Large pro:ect (1,000 tons/ ay& overlay 8500-8
tons/d ay) friction course=- 61b/sy (7,000-10,000
{/d ’ w1den1ng one-side (50 sta./day),
1l6f wide ramps, add 5 days cure time-minimum 7 days
Rural or minimum’ degree of difficultg: Leveling course
(2,000 tons/da¥% base course (2,400 tons/day),
Binder course 00 tons/dayl, ﬁearing course (>1"
use 2,000 tons/da <=1" use 500 tons/day)
Construction, widen ng, resurfacing (1,000
tons/day), reconstruction (750 tons/éay), inter-

sections (50 tons/day)

0-20,000 tons(lOOt/hr& 888 Eons/day 568 %ons?Say

20,060—40,000 tons(150t/hr) 1200tons/day 900 tons/day

40,000-80,000 tons(225t/hr) 1800tons/day 1350 tons/day

80,000 tons and up(250t/hy) 2000tons/day 1500 tons/day

Under 15,000 tons use 250 tons/day

15,000—36,000 tons use 500 tons/day

30,000-75,000 tons use 750 tons/day

Over 75,060 tons use 1,000 tons/day

Bituminous surface treatment-small urban projects use
2 000—5,000 sy/day, all other projects use 5,000
-10,000 sysd4 ay

For recycling (24 ft) .

Reconstruction & widening (1,000 y/dag resurfacing
(500 sy/dag) intersecfions (150 /

Not to exceed 20 days

Urban reconstruction

Up to 2" thick, Reconstructlon, widening, resurfac1ng
2,500 sy/day% intersections (1,000 syéd

24ttt wide, days cure time, minimu days

Standard width

Non-standard width
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APPENDIX B
FDOT SPECIFICATIONS
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FNOT SPECIFICATIONS (1986 edition)

1-7 Calendar Day.

Fvery day shown on the calendar, ending and beginning at Midnight.

1-11 Contract Time.

The nunber of work days or calendar days allowed for completion of
the contract, including authorized time extensions.

In case a calendar date of completion is stipulated in lieu of a
number of 'rork or calendar days, the contract shall be completed by such
calendar date.

5-8 Contractor's Supervision.

5-8.1 Prosecution of Work: The Contractor shall give the work the
constant attention necessary to assure the scheduled progress and he
shall cooperate fully with the Engineer and with other Contractors at
work in the vicinity.

5-8.2 Contractor's Superintendent: The Contractor shall at all
times have on the work as his agent, a competent superintendent capahle
of thoroughly interpreting the plans and specifications and thoroughly
experienced in the type of work beina performed, who shall receive the
jnstructions from the Engineer or his authorized representatives. The
superintendent shall have full authority to execute the orders or
directions of the Engineer and to supply promptlyv any materials, tools,
eauipment, labor and incidentals which may be required. Such
superintendence shall be furnished regardless of the amount of work
sublet.

5-8.3 Supervision for Emergencies: The Contractor shall have a
responsible person available at or reasonably near the wviork site on a
24-hour basis, seven days a week, in order that he may be contacted in
erergencies and in cases where immediate action must be taken to
maintain traffic or to handle any other problem that might arise. For
compliance with this requirement outside of working hours, the
furnishing of the telephone nunber where such person can be reached will
suffice. :

5-10 Final Construction Inspection.

5-10.1 Maintenance until Final Acceptance: The Contractor shall
maintain all work in first-class condition until it has been completed
as a whole and has heen accepted by the Engineer under the provisions of
5-11, provided that on non-Federal-Aid projects the work may be accepted
in sections as designated by the Engineer, and the Contractor relieved
of maintenance of such sections after acceptance.
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5-10.2 Semifinal Inspection: The Engineer will make a semifinal
inspection within seven days after notice from the fontractor of
presumptive completion of the entire project. If, at the semifinal
inspection, all construction provided for and contemplated hy the
contract is found completed to the Engineer's satisfaction, such
inspection shall constitute the final inspection, as prescribed below.
If, however, at any semifinal inspection any work is found
unsatisfactory, in whole or in part, the Engineer shall give the
Contractor -the necessary instructions as to replacement of material and
performance or reperformance of work necessary and prerequisite to final
completion and acceptance, and the Contractor forthwith shall comply
with and execute such instructions. Upon satisfactory replacement of
material and performance or reperformance of such work, another
inspection shall he made, which shall constitute the final inspection if
the required material is found to have been replaced and the work
completed satisfactorily.

5-10.3 Final Inspection: Whenever all materials have been
furnished, all work has been performed, and the construction
contempiated by the contract has been satisfactorily completed, the
Engineer will make the final inspection.

5-12 Claims by Contractor.

Where the Contractor deems that extra compensation is due him for
work or materials not clearly covered in the contract or not ordered by
the Engineer as extra work, as defined herein, the Contractor shall
notify the Fngineer in writing of his intention to make claim for extra
compensation, hefore he begins the work on which he bases the claim. If
such notification is not civen, and the Engineer is not afforded proper
opportunity for keeping strict account of actual cost, as defined for
force account, then the Contractor thereby agrees to waive the claim for
such extra compensation. Such notice by the Contractor, and the fact
that the Engineer has kept account of the cost as aforesaid, shall not
in any way be construed as establishing the validity of the claim. 1In
case the claim, after consideration by the Engineer, is found to be
valid, it shall be allowed and paid for as an extra as provided
herein. Mothing in this Article shall be construed as establishing any
claim contrary to the terms of 4-3.

SECTION 8
PROSECUTION AND PROGRESS

8-1 Subletting or Assigning of Contracts.

8-1.1 General: The Contractor shall not sublet, sell, transfer,
assign or otherwise dispose of the contract or contracts or any portion
thereof, or of his riaht, title, or interest therein, without written
consent of the Department. MWith the Engineer's written consent the
Contractor will be permitted to sublet a portion of the work but shall
perform with his own organization work amounting to not less than 50
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percent of the total contract amount less the total amount for those
contract items desianed as "Specialtv Work."

The total contract amount shall include the cost of materials,
manufactured component products and their transportation to the project
site. Off-site commercial production of materials and manufactured
component products opurchased by the fContractor and their transportation
to the project shall not be considered subcontracted work.

If a part of a contract item is sublet, only its proportional cost
shall be used in determining the percentage of subcontracted normal
work.

A11 agreements to sublet work shall be in writing and must contain
all pertinent provisions and requirements of the contract. Upon
request, the Contractor shall furnish to the Department a copy of the
subcontract. Subletting of work shall not relieve the Contractor or the
surety of their respective liabilities.

A subcontractor shall be recognized only in the capacity of an
employee or agent of the Contractor, and his removal may be required by
the Engineer, as in the case of an employee.

8-1.2 Specialty Work: For normal road and bridge contracts
Specialty Work is defined as work of a type not normally performed by
road and bridge contractors with their own organizations.

The following work is specifically designated as Specialty Work for
normal road and bridge construction. (Mote: This 1isting does not
apply to Federal Aid contracts. The Specialty Work for these contracts
will be shown in the special provisions for the individual johs.)

Grassing and Sodding Hork.

Reworking Shoulders

Milling Existing Pavement

Removal of Ruildings.

Fencing Work.

Painting.

Electrical Work.

Roadway and Bridge Lighting.

Navigation Lights.

Buildings, including Control House and Operator's House.
Sanitary Sewers.

Water Lines and Appurtenances.

Machinery and Castings for Movable ®ridges.
Auxiliary Power Unit.

Pumping Equipment.

Riprap.

Landscaping Work.

Signalization System.

Installing Pipe or Pipe Liner, by jacking.
Installing Structural Plate Pipe Structures.
Roadway Signing and Pavement Marking.

Pit Scales.
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Plugging Water Wells.

Vehicular Impact Attenuator.
Guardrail.

Temporary Traffic Control Devices.

Wnhen the major work under the contract is of a type not
normally performed by road and bridge contractors, the above-listed
work will be considered as Specialty Hork only as so listed in the
special provisions.

8.2 Hork Permormed by Equipment-Rental Agreement.

The Timitations set forth in 8-1, as to the amount of work that may
be sublet, do not apply to work performed by equipment-rental
agreement. However, for any work proposed to be performed by
equipment-rental agreement the Contractor shall notify the Engineer in
writing of such intention before using the rented equipment, and shall
indicate whether the equipment is being rented on an operated or
non-operated basis. The Contractor's written notice shall contain a
listing and description of the equipment and a description of the
particular work to be performed with such equipment. As an exception to
the above requirements for a written notice to the Engineer, such notice
will not be required for eauipment to be rented (without operators) from
an equipment dealer or from a firm whose principal business is the
renting or leasing of equipment.

The operators of all rented equipment, whether rented on an
operated or a non-operated basis, will be subject to all waae rate
requirements applicable to the project. If equipment is being rented
without operators the Contractor will be reouired to carry the operators
on his own payroll. When eauipment is rented on an operated basis the
Contractor, when reauired by the contract or requested by the Engineer,
shall furnish payrolls from the lessor with the names of the operators
shown thereon.

Where rentals of equipment on an opnerated bhasis, from the same
lessor, exceed $10,000, such lessor will he subject to any Foual
Employment Opportunity ieauirements which may be applicable to the
project.

8-3 Prosecution of Work.

8-3.1 Compliance with Time Requirements: The Contractor shall
commence work in accordance with his approved working shedule and shall
provide sufficient labor, materials and equipment to insure the
conmpletion of the work within the time 1imit set forth in the
proposal. Should the Contractor fail to furnish sufficient and suitable
equipment, forces and materials, as necessary to assure the proaress of
the work in accordance with the required schedule, the Enqineer may
withhold all estimates which are, or may become due, or may suspend the
work until such deficiencies are corrected.

8-3.2 Submission of Working Schedule: Within 30 days after the

contract has been awarded, the successful bhidder shall submit to the
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Nepartment, on a prescribed form, a working schedule for the project,
showing in detail the working day on which he expects to beqin and
complete each of the various major items of the work.

8-3.3 Beginning Work: The Contractor shall notify the District
Engineer of his intention to beqin work, not less than five days in
advance of the date on which he proposes to begin and, upon the receipt
of such notice from the Contractor, the District Engineer may give the
Contractor notice to proceed, and may desianate the point or points at
which the work is to be started. In the notice to proceed the Engineer
may waive the five-days advance notice from the Contractor and authorize
him to begin immediately. The Contractor shall notify the Engineer in
writina at least two days in advance of the date on which he expects to
begin important features of the work. Mo work under the contract shall
be commenced until after the notice to proceed has been issued. The
notice to proceed will be issued within 30 days after execution of the
contract by the Department.

8-3.4 Provisions for Convenience of Public: The Contractor shall
schedule his operations so as to minimize any inconvenience to adjacent
businesses or residences. Where necessary, the Engineer may require the
Contractor to construct first the work in any areas along the project
where restrictions caused by construction operations would present a
more serious handicap, before beginning construction in the
less-affected areas. In such critical locations, where there is no
assurance of continuous effective prosecution of the work once the
construction operations are begun, the Engineer may require that the
work of removal of the existing (usable) facilities in such areas be
delayed as is necessary and practicable.

8-3.5 Preconstruction Conference: Immediately after the Contract
has been awarded, the Engineer will call a preconstruction conference to
be held before any work is bequn at a place designated by him, to go
over the construction aspects of the project. The meeting will be
between the Contractor, the Department, and the various utility
conpanies vwhich will bhe involved bv the road construction. The
Contractor shall have on hand for this meeting, a tentative working
schedule for the project, in detail, showing his proposed operations for
the various items of work which would affect or he affected by utility
or railroad adjustments. The various utility or railroad companies will
then establish their own working schedule under the direction of the
engineer so as to coincide to the greatest dearee practical with the
schedule of the Contractor so that all work under the Contract may be
diligently prosecuted. Mo work under the Contract shall be commenced
until after the notice to proceed has been issued by the Engineer.

8-4 Limitations of Operations.
8-4.1 Night Work: In general, all work shall be performed during
daylight hours. For special operations, night work may be done if so

authorized in writing. Mo night work shall be performed unless adequate
artificial lighting has been provided and has been approved.
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work to the prejudice of work already started, and the Engineer may
require the Contractor to finish a section on which work is in progress
before work is started on any additional section.

% 8-4.2 Sequence of Operations: The Contractor shall not open up

8-4.3 Interference with Traffic: The Contractor shall at all
times conduct the work in such manner and in such sequence as to insure
the least practicable interference with traffic. The Contractor's
vehicles and other equipment shall be operated in such manner that they
will not be a hazard or hinderance to the traveling public. Materials
stored along the roadway shall be placed so as to cause as little
obstruction to the traveling public as possible.

To prevent any open trench remaining after working hours where
existing pavement is to be widened and stabilizing is not required the
Contractor shall schedule his operations such that at the end of each
work day the full thickness of the base for widening will be in place.
Construction of the widening strips will not be permitted simultaneously
on both sides of the road except where separated by a distance of at
Teast one-fourth mile along the road, where either the work of
excavation has not been started or the base has been completed.

8-4.4 Coordination with other Contractors: The Contractor shall
arrange his work and dispose of his materials so as to not interfere
with the operations of other contractors engaged upon adjacent work and

' to join his work to that of others in a proper manner, in accordance
4 with the spirit of the plans and specifications, and to perform his work

in the proper sequence in relation to that of other contractors, all as

may be directed by the Engineer. ﬁ
Each contractor will be held responsible for any damage.done by him
or his agents to the work performed by another contractor. E
' .
8-4.5 Drainage: The contractor shall so conduct his operations o
and maintain the work in such condition that adequate drainage will be “
in effect at all times. Existing functioning storm sewers, gqutters, :
ditches, and other run-off facilities shall not he obstructed. N
N

8-4.6 Fire Hvdrants: Fire hydrants on or adjacent to the highway
shall he kept accessible to fire apparatus at all times and no material
or obstruction shall he placed within 15 feet of any such hydrant.

't)f;‘"

2

8-4.7 Protection of Structures: Heavy equipment shall not be
operated close enough to pipe headwalls or other structures to cause
their displacement. '

>a

8-4.8 Fencing: On all projects which include fencing and where
the Engineer determines it to be necessary for maintaining the security
of livestock or adjacent property, or for protection of pedestrians who
are likely to gain access to the project from adjacent property, the
Contractor shall erect permanent fence as a first order of business.
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8.5 Qualifications of Contractor's Personnel.

The Contractor shall assure that all superintendents, foremen and
workmen employed by him are competent, careful and reliable. Al1l
workmen must have sufficient skill and experience to properly perform
the work assigned them. A1l workmen engaged on special work, or skilled
work such as bituminous courses or mixtures, concrete bases, pavements,
or structures, or in any trade, shall have had sufficient experience in
such work to perform it properly and satisfactorily and to operate the
equipment involved, and shall make due and proper effort to execute the
work in the manner prescribed in the specifications, or the Engineer may
take action as prescribed below.

Whenever the Engineer shall determine that any person employed by
the Contractor is incompetent, unfaithful,intemperate, disorderly or
insubordinate, such person shall, upon notice, he discharged from the
work and shall not again be employed on it except with the written
consent of the Engineer. Should the Contractor fail to remove such
person or persons the FEnqgineer may withhold all estimates which are or
may become due, or may suspend the work until such orders are complied
with. The Contractor shall protect, defend, indemnify and hold the
Department, its agents, officials and employees harmless from any and
all claims, actions or suits arising from such removal, discharge or
suspension of employees.

8-6 Temporary Suspension of Work.

8-6.1 Authority to Suspend Hord: The Engineer shall have the
authority to suspend the work, wholly or in part, for such period or
periods as may be deemed necessary, due to unsuitabie weather or other
conditions which are considered unfavorable for the prosecution of the
work, or for such time as is necessary due to the failure on the part of
the Contractor to carry out orders given or to comply with any or all
provisions of the contract. Such suspension shall be ordered in
writing, giving in detail the reasons for suspension.

8-6.2 Prolonged Suspensions: If for any reason it should become
necessary to stop work for an indefinite period, the Contractor shall
store all materials in such manner that they will not obstruct or impede
the traveling public unnecessarily, nor become damaged in any way, and
he shall take every reasonable precaution to prevent damage to or
deterioration of the work performed, shall provide suitahle drainage of
the roadway hy opening ditches, shoulder drains, etc., and shall provide
any temporary structures necessary for public travel or convenience.

8-6.3 Permission to Suspend Work: The Contractor shall not
suspend operations or remove equipment or materials necessary for the
completion of the work without the permission of the Engineer.

8-6.4 Contractor's VYacation:
8-6.4.1 Length of Vacation: The Contractor will be allowed to
suspend operations for a period not to exceed 14 days annually, in order
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to provide vacation time for his employees. These 14 days may be .

. divided into no more than two separate periods of vacation time. N
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ji& 8-6.4.2 Automatic Time Suspension: Two periods of time are

' established for automatic time suspension. These periods are
Thanksgiving, which includes Thanksgiving Nay and the following Friday,
Saturday and Sunday; and Christmas, which includes December 24th through
January lst. Vacation days other than provided at Thanksgiving and
Christmas will require written request as specified in 8-6.4.3.

These automatic time suspensions may be approved verbally by the
Project Engineer upon notification by the Contractor of his intent to
shut down his operations for one or both of these periods. If the
Contractor does not shut down his operations during these periods,
contract time will be charged as usual.

8-6.4.3 Request for Vacations at Other Times: The Contractor
shall submit written reauest to the District Engineer for permission to
suspend operations, other than those specified in 8-6.4.2, at least 30
days in advance of the date of suspension.

8-6.4.4 Refusal of the Request: The Nepartment reserves the
right to Trefuse permission for a suspension (including automatic
suspensions) when it might cause undue inconvenience to the traveling
public or when, because of other factors, uninterrupted prosecution of
the work is essential.

A 8-6.4.5 Minimum Staffing Nuring Suspensions: The Contractor
AN shall retain sufficient personnel at the Job site to properly maintain
all signs, warning devices and lights.

8-6.4.6 Contract Time Mot Charged: Contract time will not be
charged during the period of any approved suspension for vacation, as
Tong as no work (with the exception of that specified in 8-6.4.5 is
accomplished on the project.

8-7 Computation of Contract Time.

8-7.1 General: The Contractor shall perform fully, entirely and
in accordance with the specifications, the contracted work within the
contract time specified in the proposal, or as may be extended in
accordance with the provisions hereinbelow.

The allowable contract time is calculated with consideration given
that significant work {s not normally accomplished on Saturdays,
Sundays, State Leqgal Hc¢'idays and during seasonal inclement weather
- conditions with accomp- wing normal delays in prosecution of work on

controlling items.

=

The effect on job proqress of utility relocation and adjustments
and the schedulina of construction operations required in order to
adequately maintain traffic, as detailed in the plans and/or scheduled
in the special provisions, has also been considered in the computation

J of the allowahle contract time.
w»
E %‘ 8-7.2 Date of Beginning of Contract Time: The date on which

contract time will begin shall be either (1) the date of which the
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Contractor actually bhegins work or (2) the date for beainning the
charging of contract time as set forth in the proposal, whichever is
earlier.

8-7.3 Adjusting Contract Time:
8-7.3.1 Increased Hork: If the amount of the contract is
increased due to net variations in estimated quantities or due to work
added or extra work, then the contract time will be increased in the
same proportion that the increased amount bears to the original contract
amount.

8-7.3.2 Contract Time Extensions: The Department may grant an
extension of the allowable contract time when a controlling item of work
is delayed by factors determined to be beyond the Contractor's control
which could not be reasonably anticipated at the time bids for the
project were received. When failure by the Department to fulfill an
obligation under the contract results in delays in the controlling
construction operations, such delays will be considered as a basis for
granting credit to the contract time. Extensions of contract time will
not be granted for delays due to the fault or neqligence of the
Contractor.

Rains or other inclement weather conditions and related adverse
soil conditions will be considered as the hasis for grantina of a time
extension only when such conditions are unseasonable, provided that the
project records indicate that thev did in fact delav one or more
controlling items of work.

Delays in delivery of materials or component equipment which
affects progress on a controlling iten of work will he considered as
basis for granting a time extension if such delays are beyond the
control of the Contractor or supplier. Such delays might be an
area-wide shortage, an industry-wide strike or a natural disaster which
affects all feasible sources of supply. In general, the Contractor
shall furnish substantiating letters from a representative number of
manufacturers of such materials or equipment clearly confirming that the
delay in delivery was in no way the fault of the Contractor.

Requests for time extension due to delay in the delivery of custom
manufactured equipment such as traffic signal equipment, highway
lighting equipment, etc., will not be considered unless the Contractor
furnishes documentation that his order for such equipment was placed in
a timely manner, the delay was caused by factors over which the
manufacturer could not be reasonahly expected to exercise control and
the lack of such equipment did cause a delay in progress on a
controlling item of work.

The affect of utility relocation and adjustment work on job
progress will he considered as the basis for arantinag a time extension
only if all the following criteria are met:

1. DNelays are the result of utility work not detailed in the plans
or utility work detailed in the plans which is not accomplished
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&, in reasonably close accordance with the schedule included in
the special provisions.

2. MUtility work actually affected progress toward completion of
controlling work items.

3. The Contractor took all reasonable measures to minimize the
effect of utility work on job progress including cooperative
scheduling of his operations with the scheduled utility work at
the preconstruction conference and providing adequate advance
notification as given to utility companies as to the dates on
which their operations rust be coordinated with the
Contractor's operation to avoid delays.

S - e -

It is incumbent on the part of the Contractor to request
any extension of the allowable contract time which he deems
appropriate promptly after completion of the controlling work
items which were delayed. Requests, if made after completion
of the project, shall he submitted within 45 calendar days from
the date of final acceptance of the project. The request must
contain a detailed tabulation including dates and events fully
describing the magnitude of the delays to controlling items of
work caused hy unanticipated factors beyond the control of the
4 Contractor. The tabulation must consider overlapping periods
] of delay when there is more than one delaying factor.
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n 8-7.3.3 Suspension Mot Caused by Contractor: Whenever
8 the work is suspended hy the Engineer as provided in R-€, for
e?!' reasons other than the fault of the Contractor, allowance for
any delay in completion of the work due to such suspension
shall be made.

' <

8-8 Failure of Contractor to Maintain Satisfactory Progress.

8-8.1 General: Time is an essential element of the contract and,
as delay in the prosecution of the work will inconvenience the public,
obstruct traffic, and interfere with husiness, it is important that the
h work be pressed vigorously to completion. Moreover, the cost to the
Department for the administration of the contract, including
engineering, inspection, and supervision, will be increased as the
construction period is lengthened.

Chapter 337 of the Florida Transportation Code and Rules of the

b Department estahlish certain requirements pertaining to the suspension
f or revocation of a Contractor's certificate of qualification because of
) delinquency on a previously awarded contract.

8-8.2 Interpretation of Terms: Whenever in this Section the terms
"delinquent" and "disaualified" appear, they are intended to mean
disqualification only from bidding on other of the Department's
contracts, and from approval as a subhcontractor.

8-8.3 Regulations Governing Disaualification:

“yﬁg {(a)A fontractor may be declared delinauent because of
unsatisfactory progress on a contract with the Nepartment, when the

R e et
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contract time allowed has not heen entirely consumed, but the
Contractor's proaress at any check period does not meet at least one of
the following two tests: -

(1) The percentage of dollar value of completed work with respect
to the total amount of the contract is within ten percentage
points of the percentage of contract time elapsed.

(2) The percentage of dollar value of completed work is within ten
percentage points of the dollar value which should have been
performed accordina to the Contractor's own progress schedule
previously approved by the Engineer.

In Tieu of the “ten percentage points" stipulated in the two
preceding paragraphs, 20 percentage points may be allowed for a
Contractor who, in the opinion of the Director, Division of
Construction, has adequate organization, equipment, and financial
resources to undertake other contract or subcontract work without
conflict or delay in prosecuting work under existing contracts let by
the Department.

{(b) A Contractor will be declared delinquent because of
unsatisfactory progress on the contract with the Department, under
either of the following circumstances:

(1) The Contract time allowed has been consumed and the
work has not been completed.

(2) The contract time allowed has not been entirely
consumed, but the Contractor's progress at any check
period does not meet either of the two tests described
under the paragraphs headed (a) above.

(c) A Contractor declared delinquent under the provisions of 8.8
will be disqualified from further bidding and also will not be approved
as a subcontractor so long as the delinquent status exists. Also, any
individual, firm, partnership or corporation, affiliated with a
delinquent Contractor to the extent that it is dependent upon the
delinauent Contractor for either personnel, eauipment or finances, shall
likewise be disqualified.

(d) The Contractor may appeal to the Secretary of the Department
for relief from his disaualification status. The Secretary will act
upon any appeal within 30 calendar days after the filing thereof, and
will promptly notify the appellant of the action taken.

(e) A Contractor disqualified under the requirements of this
Article will be removed from such status upon receipt of evidence from
the Department's District Engineer that his progress is no longer
delinquent, provided the contract time has not elapsed.

(f) The principal progress check period will occur monthly, upon
receipt in Tallahassee of the Contractor's monthly estimates. Postings
will generally be completed by the first week of each month, and
preliminary notices of delinguency will be sent to the Contractor by
telegram immediately thereafter, and confirmed by certified mail.

(g) No Contractor given such a preliminary notice of delinquency
will be finally declared delinquent until a period of ten calendar days
after the.preliminary notice has elapsed. Nuring this ten-day period
the affected Contractor may request any extensions of time, or other
considerations which would affect his delinauencyv, which he feels he is
entitled to.
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: w (h) Final notification of delinquency will be made by telegram and
) certified mail after the expiration of this ten-day period, provided no
extensions of time or other considerations are deemed proper by the
Department, and provided the delinauency status has not heen corrected.
(i) The Department may arant extensions of time during the
prosecution of the work, as allowed under the Standard Specifictions and
special provisions for the work, regardless of the Contractor's
delinquency status.
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8-9 Default and Termination of Contract.

-

ia " B > -
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8-9.1 Determination of Default: If the Contractor fails to begin
R the work under the Contract within the time specified in the "Motice to
Proceed," or fails to perform the work with sufficient workmen and
equipment or with sufficient materials to assure the prompt completion
of the contract, or performs the work unsuitably or neglects or refuses O
to remove materials or to perform anew such work as may he rejected as Q
unacceptable and unsuitable, or discontinues the prosecution of the g
viork, or fails to resume work which has been discontinued within a "
reasonable time after notice to do so, or becomes insolvent or is
declared bankrupt, or files for reorganization under the hankruptcy
code, or commits any act of bankruptcy or insolvency, either voluntarily

-

By

4 or involuntarily, or allows any final judgment to stand against him ﬁ
i unsatisfied for a period of ten calendar days, or makes an assignment o
1 » for the benefit of creditors, or fails to comply with contract V'
- %‘: requirements regarding minimun wage payments or EEQ requirements, or for '
v any other cause whatsoever, fails to carry on the work in an acceptable <
manner, or if the surety executing the bond, for any reasonable cause .
: becomes unsatisfactory in the opinion of the Nepartment, the Fngineer !
Y will give notice in writing to the Contractor and his surety of such p
M delay, neglect, or default. N
g If the Contractor, within a period of ten calendar days after the X
4 notice described ahove, shall not praceed to correct the conditions of ¢
; which complaint is made, the Nepartment shall, upon written certificate \
5 from the Engineer of the fact of such delay, neglect or default and the .
¥ Contractor's failure to correct such conditions, have full power and "
. authority, without violating the contract, to take the prosecution of :
3 the work out of the hands of the Contractor and to declare the contract .
in default. -
h 8-9.2 Termination of Contract: The Department may by written ﬂ
f notice, with the approval of the Federal Highway Administration where -
applicable, terminate ‘the Contract or a portion thereof after
" determining that for reasons beyond either Department or Contractor 3
) control, he is prevented from proceeding with or completing the work as v
; : originally contracted for, and that termination would therefore be in p
Y the public interest. Such reasons for termination may include, but need
' not be necessarily limited to, executive orders of the President 2
Y relating to prosecution of war or national defense, national emergency a
3 , wnich creates a serious shortage of materials, orders from duly ™
! Qﬁﬁgk constituted authorities relating to energy conservation, and restraining
p) NV order or injunctions ohtained by third-party citizen action resulting ‘
' from national or local environmental protection laws or where the b,
[}
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issuance of such order or injunction is primarily caused by acts or
omissions of persons or agencies other than the Contractor.

\then contracts, or any portion thereof, are terminated before
completion of all items of work in the contract, payment will be made
for the actual number of units or items of work completed, at the
contract unit price, or as mutually agreed for items of work partially
completed or not started. Mo claim for loss of anticipated profits will
he considered.

Reimbursement for mobilization expenses (when not otherwise
included in the contract) includina moving eauipment to the job, will be
considered where the volume of work completed.is too small to compensate
the Contractor for these expenses under the contract unit prices; the
intent being that an equitable settiement will be made with the
Contractor.

Acceptable materials procured by the Contractor for the work, that
have heen inspected, tested, and approved by the Department, and that
are not incorporated in the work, may be purchased from the Contractor
at actual cost, as shown by receipted hills and actual cost records, at
such points of delivery as may be designated by the Engineer.

Termination of a contract or a portion thereof, under the
provisions of this Subarticle, shall not relieve the Contractor of his
responsibilities for the completed portion, nor shall it relieve his
surety of its obligation for and concerning any just claims arising out
of the work performed.

8-9.3 Completion of Work by Department: Upon declaration of
default the Department will have full power to appropriate or use any or
all materials and equipment on the site which are suitable and
acceptable, and may enter into an agreement with others for the
completion of the work under the contract, or may use other methods
which in the opinion of the Engineer are reauired for the completion of
the work in an acceptable manner. A1l costs and charges incurred by the
Nepartment because of the Contractor's default, including the costs of
completing the work under the contract, shall bhe charged against the
Contractor. In case the expense so incurred by the Department is less
than the sum which would have been pavable under the contract if it had
heen completed by the defaulting Contractor, the defaulting Contractor
shall be entitled to receive the difference. In case the expense
exceeds the sum which would have been pavahle under the contract, then
the Contractor and the surety shall be liable and shall pay the State
the amount of the excess.

If after the ten-day notice period, and prior to any action by the
Department to otherwise complete the work under the contract, the
Contractor should establish his intent to prosecute the work in
accordance with the Department's requirements, the Department mav elect
to permit the Contractor to resume the work, in which case any costs to
the Department incurred by the delay, or from any reason attributable to
the delay, will be deducted from any moneys due or which may become due
under the contract.
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8-10 Liquidated Damages for Failure to Complete the Hork.

8-10.1 Highway Code Requirements Pertaining to Lidquidated
Damages: The Florida Highway Code, Section 337.18, paragraph (2),
requires that the Department shall adopt regulations for the
determination of default and provides that liquidated damages be paid to
the Department by the Contractor for any such default. These Code
requirements shall govern, and are herewith made a part of the contract.

8-10.2 Amount of Liquidated Damages: Such liquidated damages are
established in the following schedule:

Original Contract Amount Daily Charge Per
Calendar Day

$50,000 and under $ 50
Over $50,000 but less than $250,000 $100
$250,000 but less than $500,000 $200
$500,000 but less than $2,500,000 $300
$2,500,000 but less than $5 million $600
$5 million but less than $10 million $750
$10 million but less than $15 million $1,000
$15 million but less than $20 million $1,250
$20 million and over $1,250 plus

5/1000 of 1 percent per day for
any amount over $20 million

8-10.3 Determination of Number of Days of Default: For all
contracts, regardless of whether the contract time is stipulated in
calendar days or working days, default days shall be counted in calendar
days.

8-10.4 Conditions under which Liquidated Damages are Imposed:
Should the Contractor or, in case of his default the surety fail to
complete the work within the time stipulated in the contract, or within
such extra time as may have heen granted by the DNepartment, the
Contractor or, in case of his default, the surety shall pay to the
Department, not as a penalty but as liquidated damaaes, the amount so
due as determined by the Code requirements, as provided ablve.

8-10.5 Right of Collection: The Nepartment shall have the right
to apply as payment on such liquidated damages any money which is due to
the Contractor by the Nepartment.

8-10.6 Permitting Contractor to Finish Work: Permitting the
Contractor to continue and to finish the work, or any part of it, after
the expiration of the contract time allowed, including extensions of
time granted to the Contractor, shall in no way act as a waiver on the
part of the DNepartment of the liquidated damages due under the contract.

8-10.7 Completion of Work by Department: In case of default of
the contract and the completion of the work by the Department, the
Contractor and his surety shall be liable for the liquidated damages
under the contract, but no liquidated damages under the contract, but no
liquidated damages shall be chargeable for any delay in the final
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€§g§$ completion of the work by the Department due to any unreasonable action
or delay on the part of the Department.

8-11 Termination of Contractor's Responsibility.

e e

The contract will be considered complete when all work has been
completed and has been accepted by the Department. The Contractor will
then be released from further obligation except as set forth in his
bond, and except as provided in 5-13.
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W CRITICAL PATH METHOD - ESSENTIAL ELEMENTS AND TECHNIQUES
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THE CRITICAL PATH METHOOD

During recent years the critical path method of plunning, nnalyzing, and
contrulling & construction project hus become a useful tool for engincers,
architects, contractors, and others who are associated with cunstruction.
Many government and private agencies require the preparation and use
of this method whea planaing the construction of a project.

In order to anslyze o pruject by using the critical path method it
is necessary to divide the project into uctivities. The number of units
of work required to complete each activity.should be determined. Then
the time required to complete euch sctivity, cousidering availuble equip-
ment und lubor, should be estimated in appropriate units, such as days,
weeks, or months., Also, it is necessary to determine the time sequeace
in which the uctivities should be constructed. For example, concrete
for a beam can not be placed until the forms have been erected and the
reinforcing steel has beeu pluced.

Each activity shuuld be identified by a symbol or an appropriate
description or both, und then listed in column form, with the duration
of the uctivity, together with the activities which immedintely precede
snd follow it, given. (This procedure is illustrated in Table 2-1.) Then
the interrelationship of the uctivities can be indicated by a netwark or
arrow diagram, in which cach arrow represents an activity. IFigurc 2-1
illustrates an arrow disgram for a simple project involving five activitics,
designated by the letters, 4, B, C, D, and E, for which the durations are
estimated to be 4, 5, 3, 6, und 8 days, respectively.

Activities 4 and B can be started at the same time. Activities C
and D cannot be started until 4 is completed. Activity £ cannot be
started until B and C are completed. An examination of Fig. 2-1

== Crificat poth

-4 Activity
E] Ouration
k4 Eartiest stoet tor £

Flg. 21 An'-ow disgram.

Tabte 2-1 List of activities, Suratieons,
and precadences

A riwiids: “"‘* 3 fsal. l.',
Actinity  Duration preceds Jollvw
A 3 Noae 8,C,D
B H A E
(o 4 A ¥ C
D [} A G H
B 4 8 I
14 H (o4 J
[} 3 C. D K
/] [} D L
! 5 £ N
J 7 F )]
K [} ¢ »
L H H M,Q
M 3 L P
N 4 { S
[] S J s T
P (] K, M T
Q 4 L n
R 4 Q T
N S N, 0 v
T 4 0,P R v
[/ 3 ST None

reveals that the minimum totul time required to complete the project
is the sum of the durations of activities A, C, and £, which is equul to
15 days. This is the critical path fur the network.

1f the project illustrated in I'ig. 2-1 is modified by eliminuting
activity C, with the condition that activity E cunnot be started until
activities A and B sre completed, a method must be used to indicute
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= Cruico! path
Activity

Bvlalloﬂ

Eorliest stoet tor £
—~=— Dymmy

PN

Flg. 22  /Arrow disgram,

this requirement in the network.,  Sinee activity C does nut appeuar in
the network, it must be replaced with a dummy arcow, as illustruted in
IFig. 2-2. A duiamy is not a true uctivity, and it requires no time for
cowmpletion. ‘The criticul path uow lies along activities 8 nad .

DEFINITIONS OF TERMS AND SYMBOLS

Becuuse terms and symbols are used in analyzing a pruject and con-
structing the urrow diggram, it is uccessury to detine these items.

Activity  Au activity is the performance of a specific task, such us placing
reinfurcing steel. [t requires time tu perform un activity.

Lveat  An event represents the completion of an activity. It requires
no time in itself. It iy usually indicated on the arrow dingram by
4 number enclosed in a circle.

Arrow  An arrow is drawn to represent cach activity included in the
network for a project, joining two events.  An arrow is designated
by two numbers, one ut the tail and vne at the head, with the
number at the head slways lurger than the number at the tail.
Thelength of the arrow has no relation to the durative of the uctivity
which it represents.

Network This is an arrow diagram deawn to represent the relations of
the activitics uud events. It is commmoun practice to start time «nd
the first arcow or urrows at the left end of the nctwork sud to proceed
to the right.

Dummy A dummy is un artificial uctivity, represented on the arrow
diagram by a dotted line, which indicates that an activity following
the duminy cunnot be started uatil the activity or sctivities preced-
ing the dummy are completed. A duinmy activity does not require
any time.

Duration  This is the estimuted time, expressed in uny desired unit,
required to perform an activity.

Earliest sturt: ES This is the earliest time that an activity can be
started.

Earliest finish: EF This is the earliest time thut an sctivity can be
finished. It is the earlicst starting time plus the duration of un
activity: EF = ES 4+ D.

Latest start: LS This is the lutest time thut an activity may be started
without delaying the completion of 8 project: LS = LF — D.
Latest finish: LF  ‘This is the lutest time that un activity. cun be finished
without delnying the completivn of a project: LF = LS + D.

Total flost: TF  This is the amount of time that the start or fnish of un
activity cun be deluyed without delaying the cumpletion of u
project: 1F = LK — EF w LS — ES. In Fig. 2-1 the eatliest time
fur event 3 is the sum of the durations for sctivities A and
C = 4 43 = 7 days. Becsuse activity B has a duration of only
5 days, it can be completed 2 days prior to event 3. Thus its
total float is 7 — 5 = 2 days. If the start or finish of activity B
is delayed 2 days, it will not delay the completion of the project.

Free float: FF This is the amount of time that the finish of an activity
can be delayed without delaying the carliest starting time for a
following activity. FF = ES (following activity) — EF (of this
activity).

Critical path The critical path is the series of interconnected activities
through the network for which each activity has zero float time.
The critical path determines the minimum time required to com-
plete a project.

The uses of these terms and symbols arc illustrated more fully in
the examples which appear below.
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I'ersons who wish more comprehensive information on this subject
L ¥may obtain such information frum books devoted W the treatment of
the critical path method.

STEPS IN CRITICAL PATH SCHEDULING

For persons.who wish to apply the critical path mcthod of scheduling
the construction of a projcct it is suggested that the following steps be
used. .

. Prepare a list of activities for the project.
. Estimate the duration of cach activity.

[

3. Determinc which sctivity ar activities immediutely precede cach
activity.

4. Determine which activity or activities immediately follow cach
activity.

5. Draw & network with the activities and events properly intercon-
nected.

G. Assign numbers to the events, being sure that the number nt the head
of cach arrow is larger than the number ot the tail of the arrow.
7. Prepare & chart with vertical columas and horizontal lines on which
to list cach activity with an appropriate designation: duration,
carliest start, earliest finish, latest start, latest finish, and totu! float.
A column for free float may be included, i this information ix desired.
8. Dectermine which activities lic on the critical path.

DEVELOPING A CRITICAL PATH SCHEDULE

The following example illustrates & method of scheduling a project by
the critica! path method. Table 2-1 illustrates & form that can be used
to tabulate the activities, together with the estimated durations, and
the activities that immedistely precede and follow cach activity.
.. Although the activities are designated by letters in this cxample, it is
I\ desirable in actual practice to designate each activity by appropriate
@ descriptive words. Thus this example is intended to demonstrate how
5 an arrow diagram and the related information are developed. This
table provides the informution specified in steps 1 through 4 of the pre-
ceding seclion.

Steps § and G arc illustrated by Fig. 2-3. In this figurc it will be
noted that there arc four dummies. The dummies C' and D' indicate
that activities C and D, respectively, must be completed before activity
G can be started. I activity G is drawn directly from cvent 4, without
dummy C7, it will be nccessary to draw dummy D’ from event § to event
4. This then will indicate that activily F cannot be started umntil

activity D is completed, which is not true. Thus the two dummies O’
and O” are required for the same reusons.

o Criticot poth

Activity

Owrotion

Cerkest stort for £

Lotest stort tor £

AN doys shown are end of doys

xR "lh

;" flg. 2.8  Arrow diagram.

In the figure the heavy lines representing activities 4, D, H, L,
M, P, T, and U lie on the criticai path. Thc estimated time required
10 cuinplete the project is 36 v-orking days.

Table 2-2 lists the activities, events, durstions, starts, finishes,
total floats, and free floats. Numbers appearing in the events columns
should be taken from the arrow diagram afier it is completed and the
events numbered thereon.

Perhaps the easiest method of completing this table is to determine
and record the earliest gtart time and finish time for each activity,
including the dummies. The earliest start time for an activity is the
controlling earliest finish time for the one or more immediately preceding
activities. If two preceding activities have earliest finish times of 12

Table 22 List of activities sad related infermation

Adisity Events D ES EF LS LF TF FF
A* 1 2 3 0 3 0 3 0 0
B 2 3 5 3 8 10 15 7 ]
(o 2 4 4 3 7 7 1 4 ¢
< 4 6 0 7 7 16 16 9 2
D* 2 S 6 3 9 3 9 0 0
o 3 6 0 9 9 16 16 7 0
£ 3 7 4 8 12 18 19 7 0
F L3 8 5 7 12 1 16 L4 0
G 6 9 3 9 12 16 19 7 0
He 5 10 6 L] 15 9 15 0 o
{ 7 11 S 12 17 19 24 7 0
J 8 12 7 12 19 16 23 4 0
K 9 L9 4 12 16 19 23 7 7
L 10 13 S 15 20 15 20 0 0
M 1 4 3 20 23 20 =] [ 0
N n 18 4 17 21 24 28 7 3
[¢] 12 15 $ 19 2 3 28 < [
o 15 17 0 24 ¢ 29 2 5 (]
a” 18 18 [ 24 24 P 28 4 0
pe i« 17 6 23 29 a3 29 0 o
Q 13 16 4 20 k2 b3 25 1 [
" 16 T 4 2« 26 25 29 1 1
S 18 19 5 24 2% 28 33 [} 4
T 17 19 4 29 3 29 I ¢ ]
[/Ad 19 20 3 33 6 3 36 0 0

* These activitics arc on the critical path.
Neure: All daye shown are the ends of days.

and 16 days, respectively, the 16 days will determine the esrliest start
time for the fallowing activity.

After the minimum time required to construct the project is deter-
mined, 3G days for-this project, the latest finish times for esch sctivity
can be determined by working backward from the 36 days. Forexample,
the latest finish times for activities S and T are delermined by sub-
trocting the duration of ectivity U, namely 3 days, from 306 to give 33
days. The latest start time for activity S is its latest finish time minus
the duration of S, namely 5 days, to give s value of 28 days. This
procedure is applied along esch path of activities.

The symbul 19 appearing under event 12 in Fig. 23 indicates that
19 days is the earliest finish time for activity J and the enrliest start
time for uctivity O. The symbol 23 appenring abové event 12 indicates
that 23 days is the lutest finish time fur sctivity J and the latest start
time for activity O.

DETERMINING TOTAL FLOAT

The total float of an activity is the number of days or other appropriate
units of time that the start or finish of an activity may be delayed without
delaying the completion time for the overall project. Referring to Fig.
2.3 it will be noted that the earliest finish date for activity B is the end
of the cighth day, while the latest finish time is the end of the fifteenth
day: Thus there is-a lecway of 15 — 8 = 7 days for completing nctivity
B. ‘This is the totnl Aoat designated in Toble 2-2. The total float of
7 days may be aliocated to any one of the activities along the psth B,
E, I, N, or it may be allocated in parts to more than one activity, pro~
vided the total delays do not cxceed 7 dnys.
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APPENDIX D
SUMMARY OF CONTRACT TIME DETERMINATION - MISSISSIPPI
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SUMMARY OF CONTRACT TIME DETERMINATION —MISSISSIPPI

The Mississippi State Highway Department uses a prog-
ress schedule (bar chart) both to establish and to charge
contract time.The progress schedule is published in the pro-
posal so that a bidder can identify the items and rates of work
that were considered in determining the time and thus rea-
sonably estimate resources; i.e., personnel, equipment, etc.,
required to complete the work within the allotted time.

The progress schedule is developed by applying produc-
tion param~ters to the contract work items. Allied or similar
work items are grouped into phases that are positioned on a
bar chart in logical sequence. Tlie positioning allows for
mobilization and transition among the various phases. Addi-
tionally, applicable seasonal limitations are taken into con-
sideration. The resulting chart indicates the number of pro-
ductive days (termed time units) that are considered
necessary for the work.

Contracts are let on a completion-date basis. To establish
the completion date, a moathly allotment of time units is used
(sece Table E-1). This table was formulated by a review
of monthly contractor estimates for the various types of
projects and is indicative of the contractors’ ability to
earn money in any given month according to previous
performance.

These moathly divisions are graphically indicated on the
bar chart form. The work phase bars are entered on the chart
in their proper calendar position oriented to the beginning of
construction date. The end result after positioning the bars
establishes the specified completion date.

As previously stated, the contracts are let on a completion-
date basis. However, in recognition that abnormal weather
conditions may occur within the life of a contract that could
prevent the timely completion of the work, the contractos is
guaranteed access to the number of time units determined by
the state as necessary to do the work. If, on the completion
date, the contractor has not been afforded the time units, the
contract is automatically extended daily until the required
time units have occurred.

The progress schedules govern the daily assessment of
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contract time and, as uniformity is vital, they are all prepared
in the central office of the Construction Division where con-
sistent oversight can be more easily exercised.

It is recognized that the actual managemeant of a project
rests with the contractor. In order not to mandate the se-
quence of operations, the contractor is given the option of
either accepting the state’s progress schedule or submitting
his own. He may not, however, modify the specified comple-
tion date.

Examples of production parameters, a progress schedule
that shows the grouping of work items into phases and bar
interrelationships, and instructions relative to the daily time
assessments follow.

AR B B Ny N 2" K VA R R
PO LU S S N Nes T ARV B Rph

TABLE E-1
TIME UNITS

COLUMN COLUMN COLUMN COLUMN
MONTH A B c D
January S b} 6 7
February S 6 7 8
March 9 9 11 13
April 13 14 14 17
May 17 19 19 19
June 19 20 22 19
July 21 22 23 18
August 2] 22 23 18
September 20 20 22 17
October 15 17 17 15
November 10 11 11 12
December 5 S s 7
Calendar Year 160 170 180 170
Column A: Grading and Drainage Projects
Column B: Base and Paving Projects
Column C: Bridge or Specialized Projects
Column D: Widening and Qverlay (Asphalt) Projects
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PRGGUCTIQN PARAMETERS

Small Med{um Large

gl:?ggc;s 7253%':{;30 M ]_530'.021?22“"
1. Mob. 10T 127U 14
2. cs6 § TU (lead) 8 TU (lead) 10 TU (lead
3. Small Struct. 5 TU (lead) 8 TU (1ead) 10 TU (Vead)
4. ) Unclass. Exc. 2500-400 CY/TU 3500-600 CY/TU 6000-12000 CY/TU
5. Embankment (CF) 1500-3000 CY/TV 2000-3500 CY/TU 2500-5000 CY/TU
6. In-Gr. Mod. 10000 SY/TU 10000 SY/TU 10000 SY/TU
7. Lime Treat A 8000 SY/TY (+20 TU) 8000 SY/TU (+20 Ty) 8000 SY/TU (+20 TU)
8. Lime Treat B 8000 SY/TU (420 TV) 8000 SY/TU (+20 Ty) 8000 SY/TY (+20 TU)
9. Lime Treat C 10000 SY/TU 10000 SY/TU 10000 SY/TU
10. Lime Treat O 15000 SY/TU 15000 SY/TU 15000 SY/TU
11.  Cement Treat - 8000 SY/TU 8000 SY/TU 8000 SY/TU
12. Gran. Mat. (CF) 1000-2000 CY/TY 1500-2500 CY/TU 2000-3000 CY/TV
13.  Top Sofl 500 CY/TU 1000 CY/TU 1500 CY/TY
14, Plating Mat. 500 CY/TU 1000 CY/TU 1500 CY/TU
L 1+ 22,200 SY/TY 39,000 SY/TU 56,000 SY/TU 0.5 KI/TY
16. HB Base 700 Tons/TU 850 Tons/TV -+ 1000 Tons/TU 700 Tons/TU
17. HB Leveling 500 Tons/TU
18. Trench & Widen 1 Mile ea. side/TY
19, Grout. Slabs 150-300 holes/TV
20.  Rem. RCP 250 SY/WU
21. Clean & Seal Jts. 2000 FT/TU
22. Prelim. Rolling 2 M/TU
23. HB Binder 700 Tons/TU 700 Tons/TU 850 Tons/TU 700 Tons/TU
24. H8 Surface 500 Tons/TU 500 Yoas/TU 700 Tons/TU 500 Tons/TU
25.  DesT 0.5 MI/TU (2 Lane) 0.5 MI/TU (2 Lane) 0.5 MI/TU (2 Lane) 0.5 MI/TU (2 Lane)
26.  sast 1.0 MI/TU (2 Lane) 1.0 NI/TU (2 Lane) 1.0 MI/TU (2 Lane) 1.0 MI/TU (2 Lane)
27.  Sho. Mat. 500 CY/TU
28. RC Curd 100 FT/TU (min. § TU) 200 FT/TU (min. § TU) 300 FT/T (min. 5 ) 100 FT/TU (min. 5 TU)
29.  HB Curp 500 FT/TU 500 FT/TU 500 FT/TU 500 FT/TU-
30.  Curb & Gutter 100 FT/TU (min. § TU) 200 FT/TU (min. 5 TU) 300 FT/TU (min. 5 V) _. . 100 FT/TU (min. § TU)
1. Traffic Stripe 4 Hiigt’fss%we)m 4 KI/TUY (min, 5 TU) 4 HI/TU (min. 5 TU) 2 MI/TU (min. 5 TV)
32.  Detafl Stripe 2000 FT/TU 2000 FT/TU 2000 FT/TU 2000 FT/TV
i3. Legend Paint 500 SF/TU 500 SF/TU 500 SF/TU 500 SF/TU
. Conc. Base $000 SY/TU 8000 SY/TU 8000 SY/TU
35, CP (Platn) 5000 SY/TU 8000 SY/TU 8000 SY/TU
3. RCP 5000 SY/TU 8000 SY/TU 8000 SY/TU
37. CRCP 5000 SY/TU 8000 SY/TU 8000 SY/TU
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DAILY REPORT OF TIME UNIT ASSESSMENT

=Nk, m
®

©
(3)

(4)

(s
(6)

(7)
(8)

(9)

(10)

()

exceed 1,0 time unit per day.

EXAMPLE
z 3 Iz
=2Z2 Fa&
Ratio zeg ege
Work Phase to (6) 7 S;‘l fad woo
Daily! Work LI Pt
(1) (2} _ (3) [TotallCondition| Hours
Ne. Description AVIU] (5) |Sat.]Uns.|Worked (8) (3)
.2 | Excavation 5,935} .85 | X 4 4 2.2
3 | Granular Mat'l & Prime 3,030} .28 |1 X 7 8 2.2
5 | Minor Or Str, Etc 1,829] .13 |'x 10 10 1.3
8 | Erosion Control Items 3921.04 | X 0 8 0.3
(4)
Daily Total 10,786 (10) 6.0 0.7+ (11)
48=
+

Previously Assessed Time Unfts 69.9

Cumulative Time Units Assessed To Date 70.6

This s a 1ist of all the controlling phases of work that should be in progress on the
date shown. The phase numbers are as they are shown on the Progress Schedule.

This 1s a plain language description of each phase, also from the Schedule.

This is the Average Value per Time Unit (AVTU) to the closest dollar for the phases
shown. This value is determined by dividing the total value of all contract items
{n a phase by the total number of time unfts allotted to the phase.

This {s the AVTU total for all phases that should be in progress this day.
This s the ratio of the individual AVTY to the total-- (3)+(4).

These columns are where the Project Engineer must exercise unbiased judgement when
making entries. If soil and weather conditions are satisfactory for any part of the
day, enter an X under Sat. by each of the phases for which conditions were satisfactory
for work even if for only part of the day. If conditions were unsatisfactory during
the entire day, enter an X under Uns.

This column fs self-explanatory, it ts the hours actually worked on s phase.

This s another column where the Project Engineer must depend upon his judgement
to make an entry. [t shaws the total number of productive hours that the Con-
tractor could work on ealh phase. The hours for each phase should not exceed 8
unless the Contractor actually worked more than 8 hours. If he works more than
8 productive hours, the entry §s to be the hours actually worked. I1f the produc-
tive hours available are shown to be less than the hours worked, the Project
Engineer should make a note of explanation on the front sheet of the diary.

This columa shows the adjusted productive hours for each phase. The adjusted pro-
ductive hours for each phase {s determined by multiplying the ratio under (S) by
the productive hours available shown under (8).

This figure is the total Adjusted Productive Hours for the day'or the sum of the
Adjusted Productive Hours for each phase.

This figure {s the number of time units to charge for the day. It is the quotient
of

(10) + 8. For contracts awarded {n and after June 1975, this fiqure is not to

P N
e "
] * Round down to nearest tenth
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APPENDIX E
CONTRACT TIME DETERMINATION - WYOMING
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-CONTRACT TIME DETERMINATION—WYOMING

After completion of contract plans and determination of
a letting date, the Highway Department determines the con-
tract date of completion using the critical path method.

Contract time is determined independently by two indi-
viduals. Production factors and anticipated adverse weather
days are considered. The critical path is based on expecta-
tions of the contractor’s work methods. The time determina-

tion (contract completion date) of each analysis is revicwed
by a staff engineer who compares the analyses, reconciles
any differences, and determines the contract completion
dates to be used in the contract documents.

Two independent analyses, the engineer's review, and the
final time determination on a construction project in Wyo-
ming are presented here.

CONTRACT TIME DETERMINATION

District

Project - SCLL-O/2 -7 (27)

Letting Date LA,,;,, L /980

Road - 2 a2
County ~ _ Livrpesy

_2

Award Date . 0

Determination Made by

D) 7 agiieer

Starting Date 27 . . /F /550
77

Description

Date ﬂg;ﬁj/ (980

Working Days
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CONTRACT TIME DETERMINATION

District .5

Project - SCLE --p1 2~/ Czj) Letting Date s S

L0
Road - > - LS — Award Date /., , £y L4580
County - o veuiar Starting Date 4 ¢ 7 @ 7.4

Determination Made by /% / DL Date %1 id/%o

Description HWorking Days
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CONTRACT TIME DETERMINATION

District &

Project - _ S PLE-g/2-7(Z7) Letting Date 54‘@ [ 2f /980

Road - £ e FER @5_ (s s Award Date

County - Linvcoras Starting Date Z g pcr 4% (750
Determination Made by ,4, "///;;,254 Date TGS
Node Description Working Days
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CONTRACT TIME DETERMINATION

District 5

Project - _ SCRE-pr2-7(27) Letting Date v /7. /

Road - Kemmener. S¢-Zss Avard Date_ /Ly, /9 /950
County - _L,vecorn Starting Date 7, i (8 /980

Determination Made by 4,{_ S ol Date Fg /950
Node Description Working Days
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CONTRACT TIME DETERMINATION

District =&

Project - _SCLL - /2 (27D Letting Date \/,,-,LL/ /7(5’0
Road - K prpemrer e 5</ /‘9/7’55 Award Date

A
County - L/ nvcorn Starting Date ﬁ;ﬂa£ /8 (780
. e ————r
Determination Made by /4, L oopErR— Date %ﬁ!zd /Z?d

Node Description Working Days
—
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CONTRACT TIME DETERMINATION

District J
Project - . W L7/ //Z?j Letting Date 7/~ )
Road - Hgaris /%, /2zs Award Date_ 77 -/F - F)

County - 7 At/ Starting Date & /&~ £

oy
Determination Made by _Lmzz/ﬂp‘ /{//
7

Date S5 5L

Node Description Working Days
(-2 \STLbrrzalon /e
32 | Shppme - tpocey j(m// Gy /9
F-d \Crushing - 285000 Jan - 3/),%/09,/ %5~
£ el éj/p ~FB7II00 v /’5‘0/0/// a2y L5
27 | Foe - 847 LE - zm/%m/ 23
28 | fmare 32000 L. /?(70/7/(/// /9
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CONTRACT TIME DETERMINATION

District 3

Project - ‘if,fLA7~(24;7“yﬂ/i;7${/ Letting Date  77-//~ &
Road - S Zrmrorer /'ﬁ/ -FZss _ Mward bate__ 7~/ 2
County - ,<f4/v2;pl§1/ Starting Date &-/4-5/0

Determination Made by jfg;;‘4éfggé;242ﬁ4¢;/{géf7 Date S FI-EH
7/

Description Working Days
Dridge - 767 . 37
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