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The contents of this report reflect the views of the 
authors, who are responsible for the facts and the accuracy 
of the data presented herein. The contents do not necessarily 
reflect the official views or policies of the Texas State 
Department of Highways and PublicTransportation. This 
report does not constitute a standard, specification, or regu­
lation. 
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There was no invention or discovery conceived or first 
actually reduced to practice in the course of or under this 
contract, including any art, method, process, machine, 
manufacture, design or composition of matter, or any new 
and useful improvement thereof, or any variety of plant 
which is or may be patentable under the patent laws of the 
United States of America or any foreign country. 
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APPRAISAL OF CONTRACTS FOR IMPROVEMENTS ON U.S. 59 
IN DISTRICT 12, HARRIS COUNTY 

1. BACKGROUND AND SIGNIFICANCE 
The State Department of Highways and Public Trans­

portation represented by District 12, with the cooperation, 
assistance, and fmancial participation of the Harris County 
Metropolitan Transit Authority, proposes major improve­
ments to and along U.S. 59 (Southwest Freeway) between 
Beltway 8 and I.H. 610 (West Loop) (see Fig 1). The im­
provements provide for: adding lanes to the freeway, con­
struction of a transitway and transitway interchanges along 
the freeway, widening and overlaying the existing freeway 
pavement, frontage road improvements, improving the free­
way interchanges, improving the frontage road intersec­
tions, and adding a freeway interchange at Fountainview. 
The proposed improvements are planned to be constructed 
in three contracts (Segments I, II, and III) at an estimated 
total cost of $200 million. The project lengths of Segments 
I, II, and III are 2.910, 2.699, and 2.571 miles respectively 
and tota18.18 miles. It is estimated that upon completion of 
these improvements that the user's benefits accruing there­
from will be about $400,000 per day. 

Construction operations will be difficult because of the 
confined working room which will be further aggravated 
because the construction is to be performed adjacent to the 
exi~ting freeway traffic, which averages about 200,000 
vehicles per weekday, and also accommodate crossing traf­
fic at nine major intersecting thoroughfares. Existing traffic 
is proposed to be maintained within the freeway right of way. 
There are two major shopping centers along the route plus 
numerous other shopping and business enterprises which are 
traffic dependent for which access will have to be main­
tained. Proposed traffic handling schemes for each of the 
three segments have been planned to conform with adjacent 
segments such that the construction work causes a minimum 
of inconvenience to the traveling public passing along and 
across the freeway. 

Preliminary analysis of the construction requirements 
for Segment III, as constrained by a required traffic control 
plan, indicates that the contract can be completed in about 
three calendar years. This analysis included allowances for 
average weather conditions and considered that the contrac­
tor would be required to work a two-shift per day five-day 
week. The construction requirements for Segments I and IT 
are of slightly less scope and magnitude than for Segment III 
and it was assumed that these could also be completed in 
three years. 

The magnitude and proximity of the proposed construc­
tion operations are such that the movement of people, goods, 
and services along the projects will be restrained as will 
access to abutting property and intersecting city streets. It is 
the objective of the Department of Highways and the Harris 
County Metropolitan Transit Authority that the improve­
ments be constructed in an orderly manner as soon as 
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practicable with a minimum of interference to the traveling 
public and abutting property. It is important that the con­
struction plans and specifications be comprehensive, com­
plete, and correct in order for the three segments to be 
completed expeditiously and coordinated in time, space, and 
detail. Consequently, the Center for Transportation Re­
search was asked by the Department to appraise the plans 
and specifications and critical path schedules provided for 
each of the three segments. Along with and following the 
appraisal C1R was to advise and report the occurrence of 
errors or omissions which could inhibit the orderly, coordi­
nated, and expeditious completion of the improvements. 

C1R was first notified of the Department's desires for 
the appraisal at a meeting on February 28, 1988 among rep­
resentatives from the Department, the MT A, and CTR. At 
that time the Department planned to let Segment III to 
contract in July 1988 followed by Segments I and II within 
a month or two. In order for an appraisal to be useful to the 
Department such fmdings would have to be communicated 
before a May 1, 1988 deadline for making changes in the 
plans and specifications. At the meeting the objectives of the 
appraisal and specifics issues to be investigated were dis­
cussed. As a consequence of the February 28 meeting a 
study proposal covering the principal objectives and issues 
was prepared by C1R and submitted to the Department on 
March 7, 1988. The Department subsequently approved the 
proposal March 16, 1988 with the condition that C1R 
address, in the fmal report, three issues cited by District 12 
in their approval transmittal letter of March 11, 1988. These 
three issues were included in a modified study proposal 
submitted by C1R on March 24, 1988. 

Completed plans for Segments I1 and III were made 
available by the Department at the beginning of the study 
and those for Segment I were received within two weeks. 
Specification item dealing with traffic control, working 
time, and working sequence were available for Segments I1 
and III but not for Segment I. However, this omission was 
not considered as inhibiting the appraisal since recommen­
dations by C1R affecting Segment II and III specifications 
would be applicable to Segment I. The number of plan sheets 
for each set of plans were as follows: Segment I - 886, 
Segmentii-762,andSegmentiii-1,114,foratotalof2,762 
sheets 

2. BENEFITS 
A well planned and executed scheme of construction 

and traffic handling will reduce the amount of congestion 
and user's operating costs during the period of construction 
and will decrease the total time of construction such that the 
user's benefits to be derived from the completed improve­
ments may be returned sooner. The economic benefits 
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Fig 1. Locations of Proposed Improvements to U.S. 59 
(Southwest Freeway) 
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accruing to highway users from good traffic operations, 
during the construction period and from an early completion 
date, that can be achieved by superior planning, can be 
substantial, and may be greater than the construction cost of 
the improvements. Additional benefits from orderly and 
coordinated construction operations would be the reduction 
of the jeopardy relating to contractor's claims and lawsuits 
due to interference and conflicts between the adjoining 
contracts. 

3. OBJECTIVES 

The principal objectives of this study are to review the 
Department's plans and specifications to appraise 

(a) the quality of the planning with respect to claims­
free, orderly, and coordinated construction and 
traffic handling sequencing for all three contracts; 

(b) the sequencing of the letting dates for the three 
contracts; and 

(c) the proposed working time and related milestones 
for assessing liquidated damages for each project. 

4. IMPLEMENTATION 

The fmdings of this study of the Department's planning 
may, if necessary, be used as a guideline by the Department 
to make necessary modifications to the plans and specifica­
tions in order to achieve the objective of orderly and coordi­
nated construction operations among three adjoining con­
struction contracts. 

5. ORGANIZATION OF STUDY AND 
WORK 

The appraisal was performed by a team composed of 
C1R staff and part-time former SDHPT employees. The 
team composition was as follows: Dr. Jim O'Connor, 
AssistantProfessorofCivilEngineering at the University of 
Texas; William V. Ward, C1R staff, P.E.; Ken Hankins, 
C1R staff, P.E.; Gerald Peck, part-time, retired SDHPT, 
P.E.; John Mounce, retired SDHPT, P.E.; Dennis Smalley, 
part -time, retired SDHPTright -of-way and utility agent and 
public affairs officer; and Beth Loy, part -time, technical and 
administrative assistant. The three part-time, former 
SDHPT employees have long,varied, and wide experience 
in freeway plan preparation and problems attendant there­
with and are familiar with the subject segment of the South-
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west Freeway and surrounding environment. Team member 
Smalley lives in Houston and is particularly knowledgeable 
about the Southwest Freeway and the likely effects of the 
proposed construction on traffic and abutting property and 
provided useful insight on these effects. In the study 
proposal the budget included provisions for two other fac­
ulty professional engineers to be part of the study team; but 
during the time of the appraisal process between March 16 
and May 1, 1988, their services were not available and some 
of the work related issues were not evaluated to the degree 
originally held to be desirable. 

The study team reviewed the Segment III plans first as 
this segment was scheduled to be let to contract first. The 
general procedure in appraising the plans was to assign a 
team member to review one or more critical issues from the 
list contained in the study proposal work plan. The team 
spent approximately the same amount of time in reviewing 
each segment. In pursuing the inquiry into certain issues the 
team members also reported on any other significant defects 
or omissions they happened to uncover. As a consequence 
of the time available and the resources, the scope of the 
review was wider than it was deep. It is concluded, however, 
that a much more intense review and the application of more 
time and resources would probably not have uncovered any 
additional revelations of substance or the likelihood of 
discovering a "fatal flaw." 

6. SUMMARY OF FINDINGS 

_ A number of potential issues to be reviewed were listed 
in the work plan in the study proposal. It was anticipated that 
inquiry into these issues would reveal whether or not the 
planning for the subject segment of U.S. 59 (Southwest 
Freeway) was adequate; and if not, what sort of changes 
should be made to the plans and specifications? During the 
appraisal process CTR communicated to District 12, orally 
and in writing, with the results of the appraisal, which were: 
suggestions relating to specific changes in the plans and 
specifications, the identification of apparent errors, incon­
sistencies and omissions in the plans and specifications, and 
comments responding to particular issues put forth by the 
Department. The summary of findings is presented as a 
series of comments displayed side by side with the issues 
listed in the proposal work plan. Some other issues came up 
during the appraisal process and these have been added to the 
study proposal list. The issues and associated comments are 
as follows: 
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ISSUES AND COMMENTS 

A. Logic of sequence 
(1) Traffic control 

ISSUES 

(2) Dependent and adjoining construction 

B. Activity durations for critical path scheduling 

C. Sequencing of letting dates 

COMMENTS 

Only one alternative general traffic control plan was con­
sidered or was even apparent assuming the general desid­
eratum to accommodate all existing traffic within the U.S. 59 
ROW. The alternate would be to use the entire median area 
for temporary traffic lanes for each direction of freeway 
travel as alternate sides of the freeway are re-constructed. 
This would be accomplished by moving the Concrete Me­
dian Barrier to the far edge of the existing median as each 
side of the freeway is worked on. We were told that this 
scheme was considered and rejected because it required 
more traffic diversions. This scheme would, however, pro­
vide more working room than the general scheme required 
by the plans. 

Provisions should be made in each contract such that traffic 
can be "handed off' to the adjoining contract regardless of 
the phase of construction or traffic operations underway on 
the adjoining contract. Such provisions, if needed, should be 
paid for as extra work. To do otherwise may make one 
contractor liable for the actions of a third party (the 
adjacent contractor) for the "on time and in phase" per­
formance. 

There was insufficient time to make a detailed check of each 
construction activity. The overall critical path scheduling 
analysis performed by METRO appeared to be satisfactory 
and resulted in a reasonable estimate of contract working 
time. However an assumption was made that the contractor 
would be allowed to pursue an 80 -hour, 2-shift, work week. 
The general opinion of the contractors, to whom we ad­
dressed this matter, was that a 60 to 70 -hour,l-shift, 6 -day 
work week would be more efficient and less taxing on the 
productivity and personnel turnover rate. As a result, the 
contract working time may be extended beyond that of 
METRO's original analysis. 

Each segment appears to have sufficient options andflexi­
bilities in the sequence of construction activities and within 
the conditions set out in the contracts that an able contractor 
should be able to conform to the construction phases on the 
abutting contract even if the abutting contract fails to per­
form as predicted and directed. The order of letting 
Segments I and II is not considered critical if the interval 
between lettings does not exceed two months. It is agreed 
that Segment/// should be let first since it is the largest of the 
three contracts and on completion will provide substantial 
traffic benefits should the completion of the adjacent seg­
ments be delayed. In any case lettings should be delayed 
until it is reasonably certain that the right of entry dates for 
needed rights of way are firm. Unanticipated delays for 
critical parcels of ROW will make it difficult to enforce strict 
compliance with a prescribed critical path schedule. 



D. Assumptions as to unit productivity of various 
construction activities 

E. Selection of milestone events 

F. Resource demand 
(1) Manpower loading charts for both early start and 

levelling of resources 

(2) Pavement materials requirements per day 

G. Criticality of schedule 
(1) Percent critical path activities 

(2) Float time histogram 

(3) Sufficiency of lead time for acquiring 
materials and fabrication 

H. Effectiveness of contractual schedule management 
requirements placed on the contractor 

I. Adequacy of staging and storage areas, both on 
and off site 
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The assumed unit production rates in METRO'S schedule 
analysis appears to be optimistic for the frontage paving and 
intersection operations. As discussed previously, these op­
erations require special attention in order to come up with 
some special designs and details that will help the contrac­
tor. The assumed unit production rates for two-shift opera­
tions may be optimistic. Some authorities report productiv­
ity losses as much as 25% for the second shift. 

Did not have sufficient time to identify or justify additional 
milestone events. The Phase I, II, and III milestones re­
quired in the plans appear to be satisfactory. 

Not addressed. 

The assumptions made by METRO as to the sequence of 
construction activities inPhasei, of Segment III are consid­
ered extremely parallel in character (64% of all activities 
are deemed critical). This sequencing may be overly 
conservative. The assumptions as to the sequence of activi­
ties for Phase II, Segment II are serial in character (only 
17% of the activities are critical). This may indicate a 
schedule that is too tight. The sufficiency of lead time for 
procurement of materials was found not to be a problem if 
the contractor appropriately plans his work. Initial con­
cerns related to the delivery of structural steel and high-mast 
lighting equipment. 

Requiring the contractor to furnish and maintain a micro­
computerized Critical Path Method system is well taken. 
However, for the system to effective, it must be regularly 
updated. Unfortunately, some sort of motivation is needed. 
An economic analysis of contractor costs indicates that a 
withholding penalty of25% (in addition to the regular 5%) 
of the monthly construction progress payments will be 
needed to encourage a contractor to maintain and update 
the system. 

It would be highly desirable for the state to acquire vacant 
land, as near as possible to the construction sites, to be made 
available to the contractor for the duration of construction 
for each segment. This land should be used for the storage 
and processing of construction materials, storage of con­
struction equipment, and parking for the contractor's em­
ployees. The benefits would be to reduce the adverse impact 
of construction operations on the abutting property and the 
street system furnishing access to the construction sites. 
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J. Effectiveness of liquidated damages 

K. Use of bonus/penalties 

L. Potential problems 
(1) Interfaces between contract segments 

(2) Weather effects 

(3) Third party interference 

(a) Right of way 

(b) Utilities 

(c) . Property access 

Since the public benefits derived from the completed con­
tracts are very large, almost any reasonable (within the 
ordinary capabilities of the Department and of the most 
efficient highway contractors as conditioned by state and 
federal regulations) approach of securing early completion 
would be justified. Our opinion is that liquidated damages 
at the ends of Phase lin the range of$5,000 to $10,000 per 
day and at the end of Phase III in the range of $15,000 to 
$25,000 per day would be justifiable and defensible. Refer 
to our Technical Memorandum of Apri/25, 1988,for more 
about this issue. 

The contractors we discussed this matter with seemed recep­
tive to idea of bonus payments particularly if they are liable 
to large liquidated damages. /fit is decided to permit bonus 
payments it should, however, be clearly stated in the speci­
fications that the Department will have to limit the amount 
of time a contractor will be permitted to work because of the 
Department's limited administrative resources. We believe 
that the most manageable manner of using the bonus/penalty 
approach would be to require the contractor to include in his 
bid the product of the given bonus value (to the state) of the 
working day and the number of working days the contractor 
believes he can perform the work. 

Provisions should be made to uhand off' traffic to adjacent 
segments in order to match any phase of work on the 
adjacent segment. 

An independent analysis was made of the estimated amount 
of working days not available due to weather. We used the 
only weather data available which was collected at Houston 
Intercontinental Airport , about 20 to 25 miles removed from 
the subject segment of the Southwest Freeway, as represen­
tative of the construction site. We agree that the 200 working 
days available per year assumed by METRO in their analy­
sis of the working time is reasonable assuming that the 
contractor is permitted work 6 days a week. It is difficult to 
estimate the effects of the rain on working days since the 
effect is much more pronounced on some items of work than 
others. Since only a relatively small part of the construction 
operations involve dirt work and excavation, these projects 
are not considered particularly sensitive to marginal 
weather conditions. 

The bigeest effect will be on the Department's ability to re­
quire of the contractor a minimum working time schedule 
and administer same without excessive difficulties. I nterfer­
ence will be more critical where large bonuses or damages 
are involved which suggests that third party problems 
should be anticipated and resolved as far in advance as 
possible. 



(4) Multi-shift productivity losses 

(5) OW11er indueed changes 

(6) Compatibility of design with traffic control plan 

(7) Completeness of plans 

(8) Responsibility for maintenance of facilities under 
traffic 

(9). Need for special Force Accounts to take care of 
unpredictable events 

(10) Site drainage 

(11) Operation of traffic signals 
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One . autlwrity we consulted with said that productivity 
losses for the second shift oj a two shift a day highway 
construction operation may be expected io be 25 percent. 

This has to do with correcting errors or omissions in the plan 
or improving the design through field changes and how to 
mitigate the effect. This problem could in some instances be 
mitigated by having it clearly understood in the specification 
that the "ownership" of float time as determined by the 
Critical Path Metlwd would belong to the state. The state 
slwuld not lwnor any claim from a contractor with respect 
to working time due to state-caused delays unless such 
delays can be slwwn to affect the critical path. The necessity 
for making changes that may affect the critical path slwuld 
be considered carefully before being executed. 

Overall this appeared to be satisfactory. In our review notes 
we picked up a few details that may conflict. 

The plans appeared to be of satisfactory quality and com­
plete. Our exceptions are contained in our technical memo­
randums slwwing the results of our review. 

Our recommendation is to make this the contractor's re­
sponsibility and reimburse him for same. 

Recommend establishing special Force Account funds to 
handle urgent construction needs such as that associated 
with property access or safety needs andforwhich appropri­
at{! bid items are not predictable. 

We saw no problems as the drainage is straightforward. The 
only drainage dependency we noted was between Segment I 
and Segment II. Segment II provides the outfall for part of 
the Segment I drainage system. This should not be critical 
if there is any reasonable amount of cooperation between the 
respective contractors. 

It is our understanding that the Department and the City of 
Houston are working on an agreement whereby the state will 
reimburse the City for operating and maintaining all the 
traffic signals affected by and that affect the construction 
and traffic operations along Segments I, II, and III. 
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M. Consultation with Attorney General regarding 
legal aspects, reducing potential for future 
litigation 

N. Sensitivity of letting dates to provide ''window" 
during which construction operations can be 
scheduled so as to not interfere with the frontage 
road traffic during the Christmas holiday 
shopping season 

0. Can the segments be let in the order offfi, I, and 
then IT 

P. Consideration for bonus/incentive contacts 
provided that there is a reasonable limit to daily 
and weekly working time conceded to the 
contractor such that the Department can provide 
adequate personnel to administer each contract 

We briefed Mr. Grady Click, assistant Attorney General, 
respecting the subject projects and related legal matters. 
Mr. Click suggested several additions to the specification 
which he thought would reduce the potential claims by 
contractors or make the resolution of such claims more 
expedient. Suggested were additions to the specifications to 

( 1) require the use of Administration Contested Case 
Procedure as cited in Title 43 of Texas Register; 

(2) specify limits of Department's personnel commit 
ment where related to administering contractors 
work; and 

(3) require escrowing of bid documents. Mr. Click 
also urges Department to operate and maintain a 
microcomputer system to record progress of work 
and all other events relevant to construction opera 
tions. Refer to our TM datedApri/26, 1988. 

It is recommended that, during the Christmas season, the 
contractor be prohibited from doing any construction work 
in or adjacent to the intersections of all (9) streets crossing 
and interchanging with the Southwest Freeway within the 
limits of the subject contracts. It is expected that the 
operations of the intersections will have a greater effect on 
accessibility to the shopping areas than work parallel to the 
frontage roads. The timing of the lettings did not appear to 
be very sensitive in that the variety and volume of work in 
each segment is such that a contractor should be able to 
schedule critical work, other than that affecting access to the 
shopping areas, around a holiday "window" regardless of 
the letting date and without unduly delaying the overall time 
to complete each segment. 

Refer to Item C,preceding, "Sequencing of Letting Dates." 

Refer to ItemK,preceding," Use ofBonus!Penalties." and to 
Item!, "EffectivenessofLiquidatedDamages." Inaddition 
it should be made clear in the specifications that the Depart­
ment' s commitment of resources and to timely responses 
with respect to materials testing and approval, inspection, 
field layout, measurement of quantities, and general con­
struction administration is limited and that the contractor's 
permitted work schedule will have to take into account these 
limitations. It will also have to be spelled out under what 
conditions the state will permit a claim due to the Depart­
ment's late-performance in administering the contract. 



Q. In depth consideration as to the frequency of 
driveways and street intersections and the effect 
this may have on the duration of construction 

R. Anticipation of particular construction problems 
and/or delays which could be a consequence of 
lack of quality in plan preparation 
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Perhaps the most critical construction activity with respect 
to early completion, meeting schedules, accommodating of 
third parties and abutting property, sensitivity to adverse 
weather, and the effect on congestion will be the reconstruc­
tion of the frontage roads,particularly during Phase/, Step 
2. It is recommended that special consideration be given to: 
(1) means of speeding up construction as: suggested in Item 
Q,preceding; (2) making and updating a complete inventory 
of driveways; (3) identifying the various abutting property 
owners and tenants and negotiating for their cooperation 
and minimum access needs during construction; and ( 4) 
preparing detail plans for handling access and intersection 
traffic with the objective providing the contractor with as 
much working room as possible. 

During discussions about working time and the effect 
thereon of field changes it was suggested that a review of the 
adequacy of past construction plans prepared by the same 
consultingfirms responsible for the preparation of the plans 
forSegmentsl,II,andii!mightsuggestawaytoavoidfuture 
repetition of errors or omissions found in the past plans. The 
consequences of the adequacy of construction plans on 
thirteen projects were investigated. These project plans 
were prepared by the five consultants responsible for plans 
for Segments I, II, and III. Adequacy was judged by the 
number of and causes for field changes executed during 
construction operations on the thirteen projects investi­
gated. A summary of the findings was conveyed by our TM 
ofApril27,1988. The total number(53) of field changes for 
thirteen projects did not appear to be unusual or to warrant 
the prediction that history would repeat itself The most 
likely type of error or omission of any significance which 
precipitated field changeswas associated with utility adjust­
ments. However, there was insufficient time to trace back 
the origins and causes of this type of field change and con­
sequently it would be difficult to predict whether or not to 
expect utility adjustment problems due to plan errors in the 
Segments I, II, and III construction plans. 
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7. LISTING OF TECHNICAL 
MEMORANDA PREVIOUSLY 
SUBMITTED 

A. "Meeting with selected contractors to discuss the 
proposed construction contracts (Segments I, II, 
and III) providing for improvements along U.S. 59 
(Southwest Freeway) between Beltway 8 and I.H.-
610 (West Loop)," by Bill Ward, April15, 1988. 

B. "Notes on review of plans for improvements on 
Segments I, IT, and ill of U.S. 59 (Southwest 
Freeway)," by John B. Mounce, April21, 1988. 

C. "Qualitative determination of benefits and costs to 
SDHPT (owner) and highway users due to pro­
posed improvements along U.S. 59 (Southwest 
Freeway)," by Bill Ward, April25, 1988. 

D. "Suggested measures to be taken to enhance pre­
vention of claims and defensibility of specifica­
tions, "by Bill Ward, April26, 1988. 

E. "Subjective groupings of environmental items and 
the intensity of inspection demands affecting con­
struction bid items related to job completion," by 
Bill Ward, Jim O'Connor, and Ken Hankins, 
April26, 1988. 

F. "Studyofpastfieldchangesasassociatedwithcon­
sulting engineering fmns and resident engineers," 

by Bill Ward, Jim O'Connor, and Ken Hankins, 
April 27, 1988. 

G. "Issues for investigation," by Gerald B. Peck, 
April 27, 1988. 

H. "METRO'S schedule, liquidated damages, and the 
use of a bonus," by Jim O'Connor, April27, 1988. 

I. Histograms for each month in the year of 1978-87 
for average rainfall by categories of rainfall, by Jim 
O'Connor and Bill Ward. 

J. Worksheets for comparing various estimates of 
rain days and workdays for typical year in Houston, 
by Jim O'Connor. 

8. RECOMMENDED ISSUES FOR 
FURTHER STUDY 

A. A microcomputer-based system for recording the 
progress of work and other information relevant to 
the defense of claims should be developed. 

B. Decreasing the construction time for street inter­
sections and driveways and in general reducing the 
duration of the "down time" during construction 
operations contribute to the degradation of traffic 
operations. 
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