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BIJI LT -UP ROOF CONSTRUCTION Approach
QUALITY CONTROL This study (I) assessed the state of the art in roo fing

quality control; (2) evaluated the Corps’ existing re-
quirements (i.e., regulations and specifications) relating

1 INTRODUCTION 
to roofing quality control/quality assurance; (3) ex-
amined the Corps’ current roofing practices through
field studies to determine compliance with the state of

Background the art and Corps requirements; and (4) recommended

• In building construction, the roof is second in im- possible modifications to the Corps’ quality control/
portance only to the foundation. However, while the quality assurance program.
foundation and other structural members are designed Scopeto preclude failure, the roof is expected to serve for Although regulations governing the Corps’ quality
only a portion of the building’s life. As a result , many control/quality assurance program relate to all types of
users have accepted service lives of roofs which are less const ruction, this study is concerned only with built-
than the state of the art can provide. Although the
anticipated fife for built-up roofing (BUR) in military up roof construction. Therefore , the findings and rec-

buildings is generally 20 years, recent studies1’2 have ommendations are limited in application to roof con-
struction projects. Extrapolations to other construc-

shown the average life to be 12 years or less. This tion entities are possible; however , their implementa-
increasingly poor performance has been attributed to tion should be the subject of separate studies.many factors, including:

Mode of Technology Transfer
I. Quality of workmanship The recommendations will be implemented by

modifications to EP 415-1-262, Construction Inspec-
2. Quality of manufactured materials ror ’s Guide, and by either (1) an Engineer Technical

Letter or an Engineering Improvement Recommenda-
3. Inadequate design tion System Bulletin provided to Corps District offices

4. Pressure from users to meet deadlines and construction field offices, or (2) modifications to
Corps of Engineers Guide Specification 07150.

5. Incompatibilities in specifications and drawings

6. Ambiguities in specifications 2 QUALITY CONTROL OF
BUILT-UP ROOF CONSTRUCTION

7. Lack of maintenance.

These problems have caused high maintenance and State of the Art
repair costs for BUR at permanent Army installations. Background
It is therefore necessary to improve the Army’s current Several persons are responsible for providing a BUR
methods of quality control/quality assurance of BUR system which will remain serviceable and require mini-
to decrease these costs. mal maintenance throughout its design life; the user,

designer, general contractor , mechanical and plumbing
Objective contractors, roofing materials manufacturer, decking

The objective of this study was to recommend mea- manufacturer and installer, inspection force, and roof-
sures for advancing roof construction quality control! ing contractor all share the responsibility for providing
quality assurance to improve the performance of BUR a good roof. Unsatisfactory performance by any of
on Army facilities, these individuals will result in an inferior roof system.
_____________ 

regardless of the quality of materials and workmanship
t Tonllo , M. R., Memorandum , Subject : SAC Roof Manage- the others provide. Although quality control is gen-

ment Program , HQ SAC/DEMM (1977). erally attributed to the field inspection force, this
2 Keeton , i. R., and R. L. Alumbaugh, Roofing Survey of function alone cannot guarantee BUR serviceability.

Navel Shore Bases, Technical Memorandum No. 5 2-77-3 (Naval
Con mtruct ion Battalion Center , Civil Engineering Laboratory , Traditionally, architects and engineers have relied
March 1977). on the roofing industry to assure quality roofing

5
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guarantees or bonding. As BUR became more popular The roof cut remains the principal inspection tool
• after 1900, the manufacturers satisfied this require- for validating compliance with specifications. This

ment by (1) developing specifications and rigid stan- procedure uses 1 sq ft (.09 m2 ) sample cut from the
dards of workmanship for installing their material s, completed roof. Quantitie s of surfacing, bitumen .
(2) providing trained inspectors to assure contractor felts, and insulation can be measured and compared
compliance, and (3) licensing use of their materials with specifications. The inspector can examine the
on ly to those contractors who would adhere to their plying of felts, the interply mopping, and, if neces-
specifications and standards. Since BUR was appar- sary, the condition of the deck. However , there are

• ent ly performing satisfactorily and the manufactuters several drawbacks to test ing roofs by examining cut-
were accepting responsibility for the performance of out samples, including:
bonded roofs, the owners, designers, and contractors
were less concerned with controlling the quality of 1. The test is destructive; a point of weakness can
BUR. be introduced into the system if the roof cut is patched

inadequately.
Following World War II, however, the practice of

licensing roof contractors was declared an illegal re- 2. The test is made after installation; i.e., deficien-
straint of free trade. The post -war building boom crc- cies are identified after the system is installed rather
ated a market which attracted new roof material than while the work is done.

• manufacturers and stimulated a tremendous growth in
the number of roofing contractors. As a result, the 3. The cut is a sample and therefore presents the
manufacturers were no longer able to provide the inherent dilemma of sampling, i.e., how frequently to
former type of quality control. In many instances, the sample and how to extrapolate sample results over the
manufacturers were presented with a conflict of inter- whole system.
est—should application standards be relaxed to sustain
sales volume, or should the quality of the end product Recently , inspectors have used nondestructive means
be retained at the risk of losing work to others? of determining moisture within BUR systems. However ,

• for any type of moisture detection equipment to be
Many other factors influenced BUR’s increasingly useful, quantitative criteria must be established for

poor performance. Users demanded quick completion defining tolerable moisture contents in insulation, felts,
of roofing and placed a premium on lowest initial and the whole system.
cost . Designers did not always recognize or specify
quality roofing. New roofing materials and construc- Other areas of investigation which may eventually
tion were inadequately tested, and few performance improve the quality control of BUR construction in-
records were available. The quality of workmanship d ude the development of performance criteria3 and the
decreased as roofing crews became less skilled. Users proposed adoption of Equiviscous Temperature (EVT)
and desig ners were unsure about how to est ablish BUR as a measure of the proper temp erature for mopping
quality control standards, because of their previous bitumen.4 However, further development and the pro-
reliance on the manufacturers. duction of testing equipment for field use are requited

before these criteria can be implemented as construc-
BUR Inspection tion quality control tools ,

Although better roofing systems and materials have
improved methods of controlling a building ’s interior Since BUR quality control insp ection is basically
environment , the methods used for controlling roof subjective , rathe r than objective , the inspector ’s trai n.
installation generally have not improved. The inspec- ing and experience are paramount to effective quality
tion of other building components uses nondestructive control.
testing techniques and quantitative criteria to measure 

_______________

quality, e.g., density of foundation soils, bearing capac. 3Math ey, R.G., and W.C. Cullen, Preliminary Performance
ity of piles, and strength of structural steel and C0fl Criteria for Bituminous Membrane Roofing, Building Science
crete, However, in roofing, inspection relies principally Series 55 (National Bureau of Standards, November 1974).
on visual observation. Thus, the quality of roofing i1~ 4EquIvI: cous Temperature (B VT) , Technical Developments
spect ion is directly dependent on the inspector ’s exper- Bulietin No. 2 (National Roofing Contractor ’s Associatio n,
tise . December 15, 1977).
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• i’; ’p es oJ Q(’inspeeiion strucliun eo,i(racls of inure than $10,000 awarded and
It has been argued that the responsibility b r  quality supervised by Corps Districts or Divisions . Since t he

control lies w ith the user , since the user ultimately regu lalioui app lies to all type s of construction , the
pays for this serv ice. h owever , this responsibility is (‘ontracting OblIccr of each project is charged with pre-
frequently delegated to the designer or to the con- paring ( I )  contract special provisions which “. . . e  stab-
tract or because ot the user’s lack of manpower or lisli the requirements fo r a Contra ctor Quality contr o l
experience. The following methods of quality control program and (2) contract technical provisions
inspection can be used: which ‘. . - establish the level of quality required and

should clearly state the specific inspections and tes ts
1. In-house inspection—inspectors are the user’s the contractor will be required to perform to maintai n

employees and are solely responsible to the user. quality control.” In this manner , each construction
project should have a CQC program tailored to its

• 2. Consultant inspection—inspectors are employees needs.
• of an independent consulting or testing firm specializing

in roof quality control; the client may be the user, the Responsibilities of the contractor and the Govern-
designer, or the contractor. ment are defined in ER 1180.1.6 as follows:

3. Contractor inspection—inspectors are employees Quality Control (QC)—the contractor’s responsibil-
of the contractor and are usually directly responsible ity in producing construction complying with contract
to the fIrm’s management and not to the job’s super- requirements.
intendent.

Quality Assurance (QA)—the Government’s respon-
Any of these methods can be successfully used to sibility in assuring that the contractor ’s QC is achieving

insure that construction complies with the specifica- the desired results.
tions. However , for these methods to succeed, all
members of the building team must cooperate, coordi- This regulation also gives detailed requirements for a
nate tasks, and be competent . preconst ruction conference, the contractor ’s quality

control plan, QC/QA activities during construction,
Existing Corps of Engineers Requirements CQC reports , and enfoicement of the CQC. Although

The Defense Acquisition Regulation (DAR*) quite comprehensive, ER 1180-1.6 does allow the in-
7-602.10(a) authorizes Department of Defense agencies volved parties some latitude in format and in the speci-
to require contractor quality control (CQC) on con- fic content of the CQC plan and QC reports. Because
struction projects. This regulation resulted from the of this regulation, most of the preconstruction con-
adoption of the following contract General Provision ference is usually spent in discussing the CQC plan, as

clause by the ASPR Committee in 1961. well as the contractor’s safety plan, insurance, per-
formance bond, and other DAR requirements. Actual

The contractor shall (i) maintain an ade- technical matters , if discussed, are seldom examined
quate inspection system and perform thoroughly. The contractor is assumed to have read
such inspections as will assure that the and understood the specifications, but this assumption
work performed under the contract con- is often proved wrong when actual construction is
forms to contract requirements, and shall performed.
(ii) maintain and make available to the
government adequate records of such Other publications which govern or relate to con-
inspections.5 struct ion quality control on Corps project s include:

The Corps of Engineers enacted CQC through ER ER 4 15-1-10 — Contractor Submittal Procedures1

1180.1.66 in 1971. This reguJation applies to all con-
___________ 

ER 415-1-302 — Inspection and Work Records 8

Formerly ASPR. _____________

t Stephen, L. M., Construction Quality Assurance (South 1Construction Contractor Submittal Procedures , ER 415-
Atlant ic Division, U.S. Army Corps of Engineers, July 1970). I-tO (OCE, 16 July 1973).

6Constmction Quality Control, ER 1180- 1-6 (Office of  the 8Construction Inspection and Work Records, ER 415-1-
Chief of Engineers (OCEI , 10 October 1972). 3tJ2(OCE, 1 February 1977).
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EP 415.1-260 — Resident Engineer ’s Management NRCI4 Roofing Manual .’2 and FP 415-1-262 were re-

Guide9 quired reading for inspection personnel.

EP 415.1.262 — Construction Inspector ’s Guide. ’° What Criteria Are Required for CQC Plans?

This publication was last revised in 1965, and reflects Generally, the CQC plan for each project is viewed

the guide specifications as they existed at that time. individually. Although individuals responsible for re-
Many of its instructions to inspectors no longer apply, viewing and accepting the CQC plans have personal

and some are in actual conflict with current guide preferences in a plan’s composition and comprehen-

specification requirements. siveness, none of the organizations contacted had
formal checklists or criteria for CQC plans. All organi-
zations contacted rely on DAR 7-104.24 , ER 1180-1-6 ,
and the General Provisions, paragraph 11 , for guidance.

3 FIELD SURVEY FINDINGS However , there is no standard format for CQC reports.

Are QC or QA checklists Required for Inspectors ?
Current QC/QA practice was evaluated during The organizations responding positively generally

FY78 for nine Corps of Engineers roofing projects, used a checklist contained in EP 415-1-262. The major-

The evaluation included discussions with Division, ity of those contacted felt checklists would be useful,

• District , Area, and Field personnel, as well as obser- and one Division has already begun development of a
vations of actual practice. This chapter summarizes checklist.
findings of the evaluation, and Appendices A and B
provide detailed data from three sites. Is Third-Party QC Used?

The performance of quality control by an m ae-
Discussion Topics pendent consultant is not in general use, although two

The following pertinent topics were discussed with projects under way during this study were using an
Division, District, Area, Resident Engineer, QA , and independen t consultant for QC. Although most District

QC personnel: and Division personnel believed the concept to be use-
ful, they wanted to judge projects individually to deter-

Is Full-Time Inspection Required? mine when to employ an independent consultant.
At present, full-time, in-house inspection is not Some Districts, in anticipation of using third-party QC,

being practiced by any of the Divisions contacted, are developing lists of qualified inspection agencies.
Most comments indicated a preference for full-time One Division also related successful use of an indepen-

inspection; however, there is a pragmatic belief that dent consultant for QA.
Corps staffing levels will preclude having qualified,
full-time inspection on roofing projects. How Are Authorities and Responsibilities

Defined for QCand QA?
What l’roining Is Pro vided in Built-Up Roofing? All respondents stated that QC and QA responsi-

Only one District responded that it had a good biities are as defined in ER 1180-1-6. The requirem ents
training program with a set of training documents. of this ER are included in each project’s contract

S Others indicated that inspectors were trained in~ documents. The consensus was that responsibilities are
formally; that OCE school was used as a basis of adequately defined and contract requirements are
training; that inspectors were provided with schooling being enforced at each level. Undue pressure by the

in roofing whenever possible; and that reference docu- next higher echelon was not a problem. Generally,

ments such as Manual of Built-Up Roofing Systems,” each level felt that the next higher echelon did provide
the necessary reinforcement of authority. Some of

___________ 
the QC and QA field personnel did feel that to expe-

9Resident Engineer ’s Management Guide, EP 415-1-260 dite construction, Government inspectors should have,

(OCE, IS October t973). or exert , more authority in the interpretation of speci-

‘°Construct ion Inspector ’s Guide, Architectural and Struc- fications. Also, respondents indicated that stricter en-

tural Features in Building Construction, EP 415-1-262 (OCE, forcement of contract specification provisions, up to

June 1965).
“Griffin, C. V., Manual of Built-Up Roof Systems (Amen - ‘2 Roof lng Manual (National Roofing Contractors Associa-

can Institute of Architects, 1970). tion, 1976).

8
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and including litigation , was mentioned as a necessity lists typical dilierences between the contract specifica-
S 

to achieve good workmanship. lions and guide specifications.
/

What Art ’ the Most Persisten t C’onirua Violations?
- • Table 1

The most persistent contract violations cited were Discrepancies and Deficiencies
excessive bitumen temperature in the kettle ; bitumen Within Contract Specifications
temperature too low at point of application ;deviations

• from good roofing application practice (e.g., use of a. Insulation
= brooming felts and protection of complete,.~ ~iork) ; (1) Base sheet is cpecsfied in applicable publications, but

use of incorrect materials; beginning roofing without no instructions for installation are given in specif lea-
• sufficient materials on site; and incorrect quantity of t ions nor details shown on drawings.

bitumen applied. Also cited was staged constructiOn, (2) Instruct ions are given for application directly to steel
the application of a glaze coat , with the flood coat and decks, but no such application exists on the job.

aggregate surfacing completed on a subsequent day . (3) Instructions are given for application to concrete deck,
Although generally contrary to specification, staged but no such application exists on the job.
construction was not universally considered a devia- (4) t:elts are referenced, but none are used with insulation.
tion from good roofing practice. (5) Cants are specified as being made of impregnated

fiberboard and having a 5 112-in. (140 mm) face.
How Can Violations Be reduced? Drawings indicate no size made of wood, 4 in. (100

The consensus was that contract violations could be mm) made of metal, and 6 in.(1~,0 mm) prefabricated

greatly reduced by full-time, experienced inspection, of unspecified material.

• Inspectors could be either in-house personnel or con- (6) Reference is made to Factorl’ Mutual Bulletin 1-28 ,
but it is not listed in applicable publications.- I sultants contracted by the Government to provide QC.

A tangential recommendation was to retain the CQC b. Roofing
but provide full-time, trained QA inspectors on select- (1) Mineral-surface roil roofing is specified in applicable
ed large or unique projects, publications, and storage instructions are specified,

but no instructions for installation are given in specifi-
Other specific recommendations included requiring cation~, nor details shown on drawings.

a chart temperature recorder on afl kettles; specifying (2) I nstructions are given for installation of asphalt plank
application temperatures by the equiviscous tempera- walkway treads, but no material specifications are
lure; using a moisture survey for final acceptance of listed and no location is shown on the drawings.

construction; and establishing calendar cut-off dates (3) Base sheet was installed at the job, but no instructions
for roofing construction. are given in the specifications for use or installation.

• (4) Type of nails is specified for fastening roofing to deck ;
Field Observations how they are used is specified but not where they are

used. The only instructions for actual nailing are forSpecifications were reviewed and QC/QA prac tices base flashings on vertical surfaces and for edge enve-
observed for selected projects. These finds are sum- lopes. Nothing is specified for nailing base sheet.
mariied below. (5) Specifications require two-course base flashing. Draw-

ings show five-course base flashing. Contractor was
Specifications instructed to install two-course type.

Specifications for 15 Corps of Engineers roofing (6) Specifications call for five-ply roof in one paragraph,
projects were reviewed. These projects were geograph- three-ply in another, and the lap table specifies lap for
ically dispersed throughout the continental United five-ply roof. Contract was amended to specify four-
States and Alaska. All of the specifications required ply roof.
construction quality control as stipulated by ER 1180- (7) No contracts specify how to replace samples when
1-6. Generally, the specification sections covering
QC/QA were similar in format , with differences being (8) Specifications state cleats are to be installed where
principally editorial. The exceptions were those specifi- specified or required. No other mention of cleats

exists in the specifications, and none are shown on thecations for Army Reserve Center construction which drawings.
used an abbreviated CQC format . (9) Type I asphalt is specified. Roof slopes are 5/8 in.

per foot (52 mm/rn), but this is not shown on the
Table I lists typical discrepancies or deficiencies drawings. Contract was modified to use Type Ill

found in the contract specifications reviewed. Table 2 asphalt.

9
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Tabk 2
Differences Between Contract Specifications and Guide Specifications

a. References
(I) CE-220.l 2 (June 1968), Built-Up Roofing (Obsolete)

• (2) CF-220. l2 (15 April 1976), Built-Up Roofing (Interim)
(3) (‘E-220.ll (15 April 1976), Insulatiofl (Interim)
(4) CI GS 0724 1 (July 1917) . mnsulation (Latest)
(SI Cl~GS 07510 (July 1971), Built-Up Roofing (Latest)
(6) (‘1 - 220.08 (March 1969 and N32 December 1977). Sheel,netal Work
( 7 )  (‘l -R-07.3 (July 1976 and NI July 1977). insulation and Roofing

• 
• 

Ill ) (‘ l- -R-0 1.4 (July 1916 and NI July l911), Shectnwtai Work

• b. Insulation

Contr act Interim Guide Specification Latest Guide Specification
Pita. Specification Pars. Specification Pin . Specification
2 Material s to be stored in 2 Materials to be stored in 2 .1 Stored in enclosed buildin g or t railer

approved manner approved manner
2 Bitumen hot when applied 2 Application temp erature per insulation 2.3.3 Application temperature per insulation

manufacturer ’s recommendation manufacturer’s recommendation

2 Store felts on end 24 hours 2 Store felts on end 24 hours 2.1 Store felts on end at aD times
before laying before laying

7 Use cutoffs at end of each 7 Use cutoffs at end of each 7.3 Same, plus also when rain is imminent
day’s work day’s work

2 Apply bitumen to steel deck 2 Apply bitumen to steel deck 7.1.3 Apply bitumen to steel deck by

by machine only by mach ine only machine whenever possible

No requirement for No requirement for 7.1.1 Insulation which can readily be
adherence to deck adherence to deck lifted is not secure

c~ Roofing

Contract Interim Guide Specification Latest Guide Specification
Pita. Specification Pita. Specification Pars. Specification
2 Materials to be stored in 2 Materials to be stored in 2.1 Store in enclosed building or tralict

approved manner approved manner
2 Store felts on end 24 hours 2 Store felts on end 24 hours 2.1 Store felts on end at all times

before laying before laying
5 Bitumen to he S Temperature as recommended 5.2.4 Temp erature as recom mended

hot when applied by felt manufacturer by felt manufacturer

5 Phased construction not 5 Phased construction not 5.1 Roofing to follow insulation
permitted. No mention of permitted. Roofing to follow immediately as a continuous
immediate roof applicat ion insulation immediately as a operation

continuous operat ion
8 Remove excess aggregate 8 Sweep surface and remove all 10 Sweep surface and remove

from storage areas loose aggregate all loose aggregate

NOTE: Ref a( 1) included instructions for replacing samples cut from roofing; these do not appear in Refs a(2) or a(S).

The review indicated a greater need to coordinate specifications are copied directly from Guide Specifi-
specifications with plans, as well as a need to tailor cations without thoroughly editing out the statements

S specifications to the project (e.g., delete extraneous that do not apply to the specific contract (see Table 1).
material such as aggregate on a smooth surfaced roof). The Guide Specifications contain instructions relative
In addition, items in the specification that will not be to removing inapplicable portions when preparing con-
enforced during construction should be deleted [e.g., tract specifications, but it is the responsibility of the
aggregate surfacing the same day as membrane corn- contract specification writer to read the notes and
pletion and storage of felts above 50°F (10°C) for at follow them.
least 24 hours before placement 

~~
. This does not imply

that the exemplified items are unnecessary , but rather Division and District engineering personnel cx-
that if they are stipulated in the specification, they pressed much concern about the requirement that in-
should be enforced. sulation be furnished to provide a specified heat

transmission coefficient, or U-value, without specifying
The review indicated that to some extent , contract a limit to the thickness. While this may not be impor-
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tant for the roof in general , it becomes critical at the 7. A list of contractor comments on “unfair , an-
edge of roofing along parapet walls and where drains noying, and m eaningless provisions in specifications”
and ot her roof penetrations are located. Instances were included:

S - observed where i,isubtioii supplied by t he coiilractor
was so I hick thaI 1 here was nol enough room bet weeui a. Many speci h eal it ui~ ~~. .~or ly wri t len , a m —
the ridge of the roof and the top ~ Parapet It , ailow higuous. obsolete , unc lear, and irrelevanl.
installation of a cant , and proper h ashing becam e
impossible. Thus, a built-in potential leak was provided b. “As directed by the engineer” and “or equal”
in an ot herwise sound roof, clauses were criticised as having no meaning.

A task committee of the ASCE Construction Divi- c. Specificationsshouldbe performance oriented,
siort conducted an industry survey to measure the rather than prescriptive .
applicability of CQC to nongovernment projects. 1 3-Is

Findings relating to designer and contractor evaluation d, Specifying obsolete or unavailable materials or
of CQC specifications were reviewed to provide back. methods should be avoided.
ground for subsequent development of recommenda-
tions for improved roofing quality control. Pertinent e. Unreasonable tolerances or lack of allowable
responses for this survey were: tolerances should be avoided.

1. Roth designers (A/Es) and contractors felt that f. A “thotgun~” approach should not be used in
• construction inspection was desirable. writing specifications (i.e., avoid inclusion of

• inapp licable material in specifications).
2. Designers felt that accomplishing design intent

was the primary purpose of inspection, while contrac- QC/QA Practice
tors thought that certification of work was the pri- The following findings are based on QC/QA prac-
mary purpose. tice as observed during the field survey. Although the

majority of observed practices were acceptable, the
3. Owners are aware of the importance of inspec- comments listed here concentrate on negative aspects

tion, but are not always willing to pay for it. in order to indicate where improvements can be made.

4. Designers estimated that the typical cost of in- 1. QC and QA personnel did not always under-
spection is approximately 2 percent of contract award stand either their own or each other’s functions and
price. :esponsibiities.

5. Designers felt that if CQC were employed, the 2. QC reports often satisfied the contractual
warranty should be extended to 3 years. requirement for a daily report, rather than document-

ing the project ’s quality control.
6. Fifty-six percent of contractors did not want the

responsibility of inspection. 3. QA personnel are often responsible for several
projects, which can severely limit the amount of time
spent on each job.

4. Construction pace and scheduling sometimes pre-
13Dean, J. C., et al., Contractor Quality Control, ASCE dude obtaining construction decisions from Contract-

Journal of the Construction Division, Vol 102, No.C03 (Amen - ing Officers.
can Society of Civil Engineers IASCE I, September 1976),
pp 535-546. 5. There was generally a lack of training in the QC‘4 Flsk E. R., Designer Evaluation of Contractor Corn- and QA objectives and requirements for BUR. The QCments on Speclflcaa’ion:. ASCE Journal of the Construction , ,

Division, Vol 104, No. C01 (ASCE, March 1978), pp. 77-83. personnel were generally knowledgeable in traditional
roofing, but not in quality control practice, while theNugent , M. C., Evaluation of Contractor Comments on

the Quality of Specifications. ASCE Journal of the Construc- QA personnel were not always sufficiently tratned in
tion Division, Vol 104, No. C02 (ASCE, June 1978), pp 153- roofing practice because of the diverse workload han-
156. dIed.
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6. The listing of inspection items in the CQC pro- 3. Require submittal of proposed construction de-
visions of the specif ications is redundant. QC should be tails and materials by contractor if the phrase “as
practiced on all requirements of the technical provi- recommended by the manufacturer ” is used.
sions. and QA should not be limited only to items
listed in the CQC provisions. 4. Require designers to provide details of insulation

installation at drains, intersecting walls, penetrations,
and other areas where thickness may vary and interface

• Summary of Survey Results problems may occur.This field survey indicated that there is no single
reason for poor performance of BUR. Design errors, s. Require temperature chart recorders on all asphaltunclear and ambiguous specifications, poor workman- kettles. Include evidence of recent calibration. Thisship during application, and inadequate QC and QA provides an inexpensive permanent record for moni-inspect ion all significantly influence BUR performance. toring bitumen temperatures. Require monitoring of

asphalt temperature at point of application on theFull-time inspection by qualified individuals can roof using portable thermometer at appropriateprovide improved roof application. However, inspec- intervals during asphalt application.— I
tion, no matter who performs it (i.e., QC, QA, third-
party contractor), is not the sole solution to improving 6. Require preconst ruction meetings specifically de-• the quality of roofing. voted to roof construction to insure that project require-

ments and responsibilities are understood by all parties.

7. Provide full-time quality control inspection on
4 RECOMMENDATIONS BUR construction.

8. Specify the contractor’s quality control responsi-
bility and authority in the contract . One method ofThe following recommendations to improve quality doing this would be to modify the technical specifi-control and quality assurance of RUR are based on cations to define requirements relating specifically toevaluation of the state of the art of quality control roof construction and modi1~ special provisions to

and the findings of a field survey of the Corps’ current include requirements that are also applicable to otherQC/QA practice . Although some respondents inter- types of construction.- J viewed recommended broad changes to QC, the recom-
mendations presented here address the more limited 9. Use quality assurance to check the performanceobject ive of this study, i.e., to suggest ways of im- of QC. Techniques for performing and reporting of

• proving the effectiveness of the QC/QA program in quality control should be developed for Corps-wideits application to built-up roof construction. The use. A checklist should be developed for acceptanceorder of presentation does not indicate any priority of QC plans.of need.

10. Revise EP 415-1-262, Chapter 207, to provide1. Improve coordination of plans and specifications, QA inspection guidance.consistency within specifications, and details in plans.
Guide specifications should be kept consistent with the 11. ~~~ QA personnel not only in roofing tech-state of the art and should be used as a guide, not as a nology but also in the objectives and performance ofmaster for all specifications. QA.

2. Enforce contract specifications consistently. •A~~ ndia C provides examples of some forms currently
When compliance with specific items will be waived, used for daily reports. The first form Is pvsfeeable since it is
the contract should be amended, designed specifically for roofing.

12
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APPENDIX A’ ‘ose Ittuith had yet to be started . Flashings had not yet
QUALITY CONTROL/ heemu ii.~ta hted The construction and inspection gener-
QUALITY ASSURANCE .ill~ .mppearcd lobe oh good quality.
(QC/QA ) OBSERVATIONS AT SELECTED

/ SITES (SPECIAL PROCEDURES USED OR Ktu ,l cituisl r uet lttn at Site 2 . although being done
UNUSUAL CONDITIONS OBSERVED) umidei the Q(’/QA prograun. was not at all typical. The

()$l ice ol the (‘h id of Engineers (O(’L) had directed
• lIm e rt-sp uisubk District of the Army Corps of Engineers

The unusual QC/QA programs observed at two of to retain an Architect-Engineer (A-E) firm to review
the seven sites surveyed are described in the following the roofing portion of the contract specifications and
discussion. Personnel at the Resident Engineer ’s Ott lce to furnish a full-time on-site inspector experienced in
at Site 1 indicated that the QC on the hangar construe- roof construction. This job is part of an OCE program

S tion was very effective. Although the QC performer where the contract specifications for a few selected
had no previous experience in roofing, he had devel- roofs are reviewed for adequacy, and full-time inspec-
oped a good basic knowledge in this area and was tion is provided by an A-E. This program is being con-
attempting to provide the Corps with a good built-up ducted as an experiment to determine if the combina-
roof system (BURS). Resident Engineer’s Office per- tion of a good contract specification and full-time in-
sonnel stated that they have very few problems with spection will result in longer-lasting BURS.
roofs and generally receive good quality roofs in their
construction programs. Both Resident Engineer’s The QC performer had little knowledge of roof con-
Office personnel and the QC indicated that the flashing struction. As a result , he had delegated most of his
details in the contract specifications should be im- roofing responsibilities to the roofing subcontractor ’s
proved, superintendent. As required by the contract , a daily

report, including roofing, was prepared by the QC. The
During the on-roof survey, two minor deficiencies QC made his required once-daily inspection of roofing

were noted: construction late in the afternoon; the inspection was
brief, as were any comments on roofing in his daily

I. The spacing of nails in the backnailing of the QC report .Under these conditions, the only meaningful
No. 15 felts was not as specified in Table III , Section inspections were performed by on-site Corps QA per-
7c, of the contract specification. As required, the nails ~~~~~~~~

were in two rows approximately 2 in. (51 mm) and
6 in. (153 mm), respectively, from the upper edge; but Because the full-time A-E representative was not yet
within each row they were on 24-in. (610 mm) centers available, Corps QA personnel performed the inspec-
rather than on 12-in. (305 mm) centers as specified. tions during construction of the roof on the north

wing, although their many other duties precluded visits
2. The insulation and felts appeared to be properly more than once or twice a day. As the north wing was

stored and covered with plastic. However, the plastic, being completed, the A-E firm furnished a full-time in-
although covering well on the top, had blown off, spector as part of the aforementioned program. Since
exposing the sides of some of the insulation and felts QA personnel were unable to give adequate time to
to the weather. These materials may have been Un- roof inspection and since the A-E representative was
covered during a rain and wind storm the previous on-site full-time, OCE was requested to designate the
night. In spite of this apparent exposure, neither the A-E representative as a QA inspector. The request was
insulation nor felts appeared to be wet , but exact approved by OCE , providing full-time QA insp ection of
moisture content was not determined. construction of all roofs except the north wing.

About one-fourth of the roof membrane was corn- In the on-roof survey, the only deficiency noted
pleted, including mineral cap sheet; one-half was corn- during application of the membrane was in the broom-
pleted except for mineral cap sheet; and the remaining ing of the felts. The roofer was brooming only one ride

of the felt rather than the full width. This was brought

* 
. , to the attention of the QA, who corrected the broom-

This Appendix and Annexes I and 2 are excerpts from a
report done for this study by R. L. Alumbaugh and ~~. R. ing procedure. Howeve~, by the time the roof was
Keeton of the Civil Engineering Laboratory, Naval Construe- completed the mechan,. was again brooming only one
tion Battalion Center, Port Hueneme, CA. side. This points out the difficulty in trying to get
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workmen to change long-standing habits. In spite of to increase the amount of bitumen from 20 lb/sq ft
that problem, this appeared to be a good roofing crew (98 kg/rn2 ) to 50 lb/sq ft (244 kg/rn2 ). According to
attempting to follow the contract specification. It the QA , this had eliminated the bonding problem.

• appeared that the I3UR was being applied in acco r- However , it was noted during the on-roof survey that
dance with the specitlcat ion. h owever . there were one board was mini firmly bonded, but was protruding

S three areas in which the Resident Engineer’s Office above the surrounding boards at one corner. This was
personnel, as well as the rootIng subcontractor , disa- pointed out to the QA. and the subcontractor rein-
greed with the specification. These differences are dis- forced this area with an additional layer of felt prior

r 

cussed below. In addition to these comments on the to application of the three-ply membrane, It is believed
specification, personnel interviewed stated that roof that a more effective way to handle the bonding prob-

• . specifications should be tailored to local geographical 1cm would be to limit the size of the urethane insula-
areas. tion board to 3 x 4 ft (915 x 1.22 m), a size which can

be bonded more easily with 20 to 25 lb/sq ft (98 to
1. The specification requires that the gravel sur- 144 kgfm2)of bitumen.

facing be applied the same day the roof is constructed.
It is felt that such a procedure is more detrimental than In addition to the information obtained during the
beneficial. Because of the high ambient temperature at on-roof surveys, some rather interesting comments
Site 2, the interply bitumen cools rather slowly. As a were obtained during discussions with the Resident
result , when gravel is applied the same day the mem- Engineer’s Office and QC personnel. The Resident

- 
I brane is constructed, it is quite possible that roof Engineer at Site I expressed the opinion that the OCt

mechanics walking or pulling gravel buggies across the QA program is an effective inspection system that
newly graveled surface may cause the gravel to punc- should provide the Army Corps of Engineers with good
ture the membrane. It is believed that a better proce- roofing systems. The project engineer in charge of QA
sure would be to glaze coat the membrane and then believes that the effectiveness of the CQC program de-
flood coat and gravel later. pends on the contractor , but generally it is a dismal

failure. Of the six contract s over which his QA team
2. The specification required loose gravel to be re- currently has cognizance, only one has an effective

moved from the surface. This has resulted in numerous CQC program. In fact he indicated that this particular
bare areas where the gravel has settled into the heat- CQC program was the most effective he had ever seen,
softened flood coat. Leaving the excess gravel in place He stated that the QC performer frequently does not
until later in the construction process should minimize understand his function or what he is supposed to do.
the number of bare areas, Where the flood coat has As a result, he is frequently an expediter for the con-
been exposed (by loss of gravel) the bitumen may alli- tractor, Ineffective QC places an especially heavy
gator from exposure to sunlight, burden on the QA personnel who attempt to obtain a

good roof job. The QA inspector believes much better
3. No vapor barrier was specified over the concrete roofs would be obtained by conducting the inspection

roof decks. Not only would such a vapor barrier retard in-house. The QC performer on this particular contract
permeation of moisture from the concrete into the believes that QC practice is adequate.
insulation, it also would have provided adequate
waterproofing of the roof deck to enable construction The relationship between the QC performer and the
work to continue below deck and allowed the roofing Resident Engineer’s Office at Site 2 was quite different
subcontractor to follow better construction practices. from that at Site I. There had been numerous disagree-

ments at Site 2 over contract items which were diffi-
One additional problem with the construction at cult to resolve. The first of these differences occurred

Site 2 not covered by the contract specification was over the CQC plan, which had originally been rejected
the size of the urethane insulation board. The roofing by the Resident Engineer’s Office. The CQC plan that
subcontractor had chosen to use 4- x 8-ft (1.22. x was finally adopted was very poor and did not really
2.44-rn) boards. Because of their size and a tendency to specify duties relating to roof inspect ion. The Resident
warp slightly when subjected to the hot asphalt, the Engineer and his staff thought that the present QC sys-
insulation boards were not properly bonded to the tern at Site 2 was ineffective. In more general terms,
deck. To overcome this, a change order was initiated their opinion was that the CQC system is only as effec-
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tive as the integrity of the prime contractor. It he in- ANNEX 1: SPECIFIC RESPONSES
tends to do a good job. CQC will work effectively. If TO QUESTIONS—SITE 1
not , a heavy burden is placed on QA personnel to
assure good construction. Because full-time roof in-

/ spection is being provided by the A-E at Site 2, the I. RESIDENT ENGINEER STAFF

ineffectiveness of the CQC program is not a factor in a. Contract and Roof Detailsobtaining good roof construction.
(1) Experience of Contractor (Roofing)

The Resident Engineer’s Office personnel at Site 2
had several alternatives which they recommended for Roof Sub: Experienced roofing contractor with
an effective CQC program. These alternatives are listed fairly good reputation.
below in their order of preference.

• (2) QC Performer—an employee of the General Con-
I. The most effective quality control program tractor.

• 
would be one carried out in-house using Government
inspectors. Such an in-house program would eliminate (3) Roof System Composition
many of the current problems with the CQC program.

• S Fluted metal deck (9/16 in./ft (47 mm/mI slope):
- :  2. If Government employees are not available, the 2 in. (50.8 mm) fiber insulation (mechanically
- S next most effective quality control program would be fastened); three No. 15 glass fiber felts (hot-

to have the inspection done by an independent firm mopped and back-nailed); No. 90 mineral cap
retained by and responsible to the Government . This sheet (approximately 10-ft (3.05-rn] lengths).

• should eliminate the conflict of interest inherent in
the current CQC program. (4) Adequacy of Plans and Specifications

5 3. The current CQC program, if used, should be Adequacy is first checked by Technical Review
modified so that the CQC program is spelled out in Section at District Headquarters; Resident Office
detail in the contract rather than left entirely up to checks them briefly; this is called a Constructibil-

• the contractor. It was felt that many of the problems ity Review (mainly examines utility connections,
• with the CQC program could be eliminated if the etc). The plans and specs for the current job were

4 Corps would provide more detailed information on the generally considered adequate, but flashing details

function of the QC in the CQC program, e.g., the should be more specific; sometimes roof slopes
are not considered and reglet may disappear be-duties of the QC, what qualifications the QC should neath the membrane. This leaves too many dcci-have, and what percentage of the QC’s time should be

spent on the roof. sions to be made by the roofer on flashing details.
It was also observed that much irrelevant material
is retained in the specification; for example, there

The QC at Site 2 had much the same viewpoint on are sections dealing with what to do on concrete
the QC program as the Residen t Engineer’s Office . He or wood roof decks when the deck on the job is
felt that the QC and QA did not really understand each actually steel.
other’s functions and that these functions should be
defined in the contract. The QC believed that the COC b. QC and QA Procedures
function as written in the contract will never work be-
yond the material submittal and initial inspection QC is accomplished by personnel of the prime con-
stages. His reasoning appears to be that, without a bet- tractor; QA is accomplished by personnel of the
ter definition of function, there will always be conflict Corps of Engineers Resident Engineer’s Office.
between the QC and QA, and this conflict will not di-
minish as long as the QC is employed by the contractor . (1) Format and Content of Contractor QC Plan
If the Corps cannot perform the QC function, he
would prefer to see an independent firm retained by (a) The specification requires the prime contractor to
the Government performing the inspections, prepare the QC plan. The Resident Engineer’s
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• Office then approves the plan in writing and sets contract to the prime contractor , who then sub-
the responsibility of the prime contractor to expe- mits the results to the Resident Engineer’s Office.
dite the QC plan. The QC plan says that a cert ain
individual, an employee of the prime contractor , is (7) Inspector Checklists Used
responsible for assuring by constant inspection
that all aspects of the contract specifications are No checklist s are required by the Resident Engi-
complied with during construction. neer’s Office , and none are used by the QC.

(b) Format : Introduction, Index, Company Direction, c. Resident Engineer Responsibilities
Job Site Direct ion, Date Control, Material Control,

S Action Identification, Specific Specification Check- (1) Interaction with QC/QA Personnel
S lists.

The Resident Engineer prefers to work through
(2) Preconstruction Conference the QC in dealings with the roofing subcontractor;

he prefers this arrangement because it puts more
(a) A preconstruction conference is held to discuss the responsibility on the prime contractor to attain

QC program as mentioned above. The primary quality in construction. QA personnel, who are
concern of this conference is to agree on how the part of the Resident Engineer’s staff, usually deal
QC program is to be implemented. with the QC but, if necessary, can deal directl y

with the contractor. At times, the Resident Engi-
(b) Another preconstruction conference is held prior fleer, working through the QA, has asked the

to initiation of each phase of the construction. prime contractor to replace the QC because of in-
This second meeting is to reach general accord on competence. At Site 1, the re are several QA teams .
the contract requirements for the roofing system. each consisting of a Project Engineer (GS-ll) and

two QAs (inspectors, GS-7). The team responsible
(3) Initial, Interim, and Final Job Inspections for this job is currently working on six jobs,

which means that they are, on the average, spend-
The Resident Engineer’s Office tries to assure that ing no more than one-third of their time on roof-
the QC conducts these inspections in sufficient ing.
depth.

(2) Enforcement Functions in QC/QA
(4) Material Subm itta ls

The Resident Engineer has told his QA personnel
The Resident Engineer’s Office has specific forms not to “stand over” the QC; when the QC is on the
for these submittals; they are submitted to the roof, the QA does not go up. If the QA and QC
Resident Engineer’s Office by the prime contractor cannot come to an understanding, a meeting is
(the QC), and not accepted from any subcontrac- held in the Resident Engineer’s Office to resolve
tors. the problem. If necessary, the Resident Engineer’s

Office will issue a letter of direction to the prime
(5) Daily QC/QA Report or Log Books contractor , stating what the specifications require.

or perhaps issue a change-order.
A daily report from the QC is required by the
contract and is given to the QA representative. (3) Pressure from Superiors for Job Deadlines
Daily QA reports are also required. The QA re-
ports do not duplicate the QC reports; they either There is always, at the least, subtle pressure to
supplement the QC report, agree with it, or dis - com plete all construction jobs on time.
agree with it.

(4) Support from Contracting Officer in Contract Vio-
(6) Equipment and Test s Required lations.

Except for measurement of asphalt temperature, The Contracting Officer has always supported the
no tests are required directly by the QC; required Resident Engineer in disputes with contractors.
tests are done by private firms (outside) under However , before a dispute is taken this far, the
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Resident Engineer’s Office makes sure that its (3) Recommend QC/QA procedures to rectify prob-
position is correct . lems and violations.

A
(5) Philosophy and Procedure for Job Stop-Orders The Resident Engineer believes t hat present QC/

QA procedures are adequate to obtain good roofs.
The Resident Engineer prefers to handle any dii-
licult ies verbally if possible. Ii has ~ ldoiii been 2. QA PE RSONNEL
ileccssary to issue a slop-ordei in writing; occa-
sionally, however , it has been necessary to wit h- The man interviewed was a (;s-l I. Project Fuginee, . in
hold payment until an order has been complied charge of two inspectors. The inspector on the job was
with. at a tra ining school.

(6) Personnel Available for QA a. Level of time available or devoted to QA

Six construction jobs must be handled by two in-
- 

I The Resident Engineer believes he has adequate spectors; therefore, an inspector devotes at most
personnel for QA, although he would prefer that 25 to 30 percent of his time to roofing.
they be better trained and would prefer higher
grade levels for them. b. Level of training in roofing and in QA practice

(7) Level of Training for QA Personnel The inspectors have some experience in general
construction but practically none in roofing.

Training courses (and training funds) are available,
but there is not enough time to attend enough of c. Availability of roof plans and specifications
them. Since inspectors may be working with as
many as 10 different disciplines, they cannot be Plans and specifications are always available.
expected to have experience or expertise in all of
them. d. Enforcement Functions

(8) Funds Available for QA (I) Responsibility of QA Personnel

Adequate funds are available, including funds for The QA has very little actual responsibility; he is
training, merely an observer for the Resident Engineer.

d. Roofing Problems (2) Support from Superiors

(1) What are significant problems in roof construct ion? The QA has very good support from superiors in
all QA actions. He has now been assigned a heavier
workload (a new squadron moved in), but was(a) Flashing and counter flashing. . . . -given no additional mspectors to perform the
extra work.

(b) Government requirements are different from stan-
dard practice in industry. (3) interaction with Contractor and QC Staff

(c) Weather conditions and delays sometimes cause The QA interacts with these personnel every day.
contractors to work when they should not, In addition, the QC must submit daily reports to

the QA. - 5

(2) What are persistent contractor violations?
e. QA Practice

Base and counterfiashing installation (poor quality
labor). (1) Are checklists used?
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The only checklists required relate to safety. The failure, probably because the contractors who are

A QA feels that checklists are not meaningful and responsible for the CQC feel that they cannot
feels that they often become a crutch. afford to do the job efficiently. The QA believes

S that inspectors should be college graduates. The
(2) Are test s taken? QC often becomes an expediter for the contractor ,

and some QC personnel do not understand their
Except for measurement of’ asphalt temperature , function.
the QA conducts no tests , but can if he feels it is

• necessary. 3. QC PERSONNEL

(3) Are test methods understood? a. Level of time available or devoted to QC

Yes, when applicable. Twenty percent to roofing (50 percent on roof,
• 50 percent pape rwork)

(4) Is test equipment available?
b. Level of trainin g in roofing and in QC practice

- S S Yes.
This is the QC’s first experience in roofing and also

(5) Are present test s adequate? his first job as a QC.

Yes. c. Availability of and familiarity with plans and
specifications

f. Roofing Problems
Readily available ; the QC is familiar with plans and

(I) What are significant problems in roof construc- specifications.
tion’

d. Enforcement functions
There have been very few problems at Site 1 for
more than 3 years, with the exception of some (1) Responsibility of QC personnel
poor flashing design.

QC personnel must insure that what has been ape-
(2) What are persistent contractor violations? cified is constructed. The QC has the authority to

correct wrong actions. Together, he and the Engi-
None have been noted. The QA tries to avoid con- neering Department of the contractor (general)
tractor violations by taking proper steps before prepared the QC plan.
roof construction starts.

(2) Immediate supervisor in contractor’s (general) or-
(3) Recommended OC/QA procedures to rectify prob- ganization

lems and violations.
The project manager.

Not applicable.
(3) Interaction with QA staff

(4) General comments by QA on the QC/QA system.
The QC has contact with QA staff every day, and

The effectiveness of t he QC proced ures varies with their relationship is good.
the contractor; a large well-established contractor
can have an effect ive QC program. Of the six jobs e. QC Practice
under his cognizance now, only one contractor has
an effective QC program. When the QC is not func- (1) Are checklists used?
tioning effectively, a heavier burden is placed on
QA personnel. He thinks that the QC program is a No,
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(2) What materials and reports arc submitted? To 4. FIELD OBSERVATIONS
w h om?

~i. Are inspcctors(Q( and/or QA) present at t h e  star t
/ Daily reports are submitted to the Rcsidciit Engi- and close oh a day~s work ’

fleer (through QA personnel).
The QC is usually there early in the m orning hut

(3) What tests are required? not necessarily at the start ; the same is true b r
late afternoon. The workmen usually stop roofing

The QC checks the asphalt temperature on the about 2 :00 p.m. and begin on water cutoffs (work-
ground each morning and the temperature on the men leave at 3:00 to 3:30 p.m.).
roof periodically.

b. Is the temperature of the bitumen monitored?
(4) Are test methods defined and equipment available? How? By Whom?

Yes, by thermometer (QC or QA); in addition, the
N/A.

asphalt tank truck on the ground has a tempera-
ture indicator.

(5) Is the present QC practice adequate?
c. Are materials stored properly? Who inspects this?

Yes.
Yes, materials are wrapped with plastic ; the QC in-

f. Roofing Problems spects this.

( 1) What are the most significant problems in roof d, Is the deck acceptable for roof construction? Who
I S construction? determines? How?

The QC has never seen roof construction before The QC determines that in the beginning, and con-
and doesn’t know what the significant problems tinues to monitor it.
are. At the beginning of the job, he asked the civil
engineering people what he should look for. e. Document QC practice and records observed?

(2) What specification requirements are most difficult Yes. QC records observed,

to comply with? f, Document QA practice and records observed? 
S

The specification calls for nailing the felts to the Yes. QA records observed.
insulation (fiberglass) with 20-lb (9.1-kg) hold-
down; this is difficult to obtain with fiberglass in- g. What contract violations were observed? What was
sulation. Also, in base flashing requirements, only done about them?
the last sentence of the long paragraph applies.

(1) The spacing of nails in the backnaiting of the felts
(3) What difficulties exist in interaction with QA was not as specified in Table III of Section 7c of

function? the contract specification. The two rows of nails
were approximately 2 in. (50.8 mm) and 6 in.

Whatever difficulties develop (and there are few) (152 mm) from the upper edge, but the on-center
are handled orally, nail distance was 24 in. (61 cm) rather 12 in. (30,5

cm).
(4) Recommend QC procedures to minimize roof

failures. (2) The plastic wrapping had blown off the sides of
some of the insulation and felts which had been

Since the QC had no previous experience in roof- stored on the ground. This probably occurred
ing and there were no failures on this project , he during the previous night during a storm. Materials
could not answer this question, did not appear to be wet.
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ANNEX 2: SPECIFIC RESPONSES Three requirements of the roofing spec were con-
• TO QUESTIONS—SITE 2 sidered questionable by the Area and Resident

/ 
S . 

Engineers’ Offices.

(a) Application of the gravel surfacing on the sameAREA OR RESIDENT ENGINEER STAFF day that root ’ was constru cte d. Because of high
am bient temperature s in t he area. workmen walk.

a. Contract and Roof Details ing on newly constructed and gravelcd BUR might
punct ure the membrane. The staff believes a glaze

( I )  Experience of Contractor coat should be adequate initially, with flood coat
and gravel added at the end of the week.

General: Large contractor, experienced in large
• construct ion projects. (b) Lack of vapor barrier (or a “drysheet”). Apphica-

• tion of a vapor barrier over the concrete roof deckRoof Sub: Relatively large, experienced roofing would have provided adequate waterproofing ofcontractor, the deck to enable the prime contractor to pro.
ceed with below-deck construction without forc-(2) QC Performer—an employee of the General Con. ing the roofing subcontractor to prepare a piece-tractor. The general contractor shifts the QC re- meal BUR system.

sponsibilities to the subcontractors. The superin-
tendent for the roofing subcontractor handles the (c) Vacuuming of loose gravel surfacing. Vacuumingquality control for the subcontractor. However , of loose gravel surfacing too soon has resulted inQC reports are submitted by the QC performer. numerous bare areas caused by settling of gravel

into the heat-softened flood coat. Leaving excess(3) Roof System Composition. The medical center gravel until completion of construction shouldadditions were quite complex, having several roofs, result in lower surface temperatures and lessThe major roofs and their status are listed below, softening of the flood coat.

North Wing: Fluted metal deck, structural light- b. QC and QA Procedures
weight concrete for slope, 2.65 in. (67.3 mm) of
urethane insulation board, one ply of No. 43 (1) Format and content of contractor QC planbase sheet , three plies of No. 15 felt, and gravel
surfacing. (a) The QC plan is very poor

South Wing: Structural concrete deck topped with (b) The amount of time required for the QC in roofinglightweight insulating concrete to slope to drain, is not stipulated.
asphalt primer, 2.65 in. (67.3 mm) of urethane in-
sulation board, four plies of No. 15 felts, and (2) Preconstruction conference Sgravel surfacing. One section of this wing was vir-
tually complete except for a 10-f t (3.05-m)-wide (a) There was a preconstruction conference betweenarea around the perimeter. This had not been corn- the Resident Engineer ’s Office and the prime con-pleted, because other subcontractors had not corn- tractor prior to contract initiation.
pleted their work along the edge of the roof.

(b) There was a preconstructjon conference betweenPorch: One story extension on the west side. the Resident Engineer’s Office, the prime contrac-Structural concrete deck topped with lightweight tor , and the roofing subcontractor prior to roofinsulating concrete to slope to drain, asphalt- construction.
primed, 2.65 in. (67.3 mm) of urethane insulation S

board, four No. 15 felts, and gravel surfacing. (3) Initial, Interim, and Final Job Inspections
Roof was under construction during visit.

(a) Initial inspection—QC, QA, and the roofing sub-(4) Adequacy of Plans and Specs contractor QC.
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(b) Interim inspection - OC, QA, and the roofing sub- (4) Support from Contracting Officer iii Contract
contractor QC. Violations

(c) Final inspection—QC, QA , roofing subcontractor Sometimes they have support from the Contract-
QC, and the user. ing Officer, and other times they do not. They do

not always agree on what constitutes support .
(d) In addition, OCE directed the District to retain an

A-E hlrni to provide full-time inspection during (5) Philosophy and Procedure for Job Stop-Orders
roof construction. The Resident Engineer’s Ol ’llce
decided to have the A-E representative perform The Project Engineer issues an oral stop-order. If
most of their inspection functions. this is not sufficient, the Resident Engineer issues

a written stop.order.
(4) Material Submittals

(6) Personnel Available for QA
(a) Handled by the prime contractor’s QC and submit-

ted to the QA for approval. Since the A-E representative is available for full-
time roof inspection, the staff considers this to be

(5) Daily QC/QA Reports adequate. QA personnel are available foi roofing
on the job, when required.

(a) Daily reports submitted by the QC and QA (A-E S

representative). (7) Level of Training for QA Personnel

(6) Equipment and Tests Required Only one QA per year from the Area Office attends
a I -week roofing school.

(a) Equipment: thermometer
(8) Runds Available for QA

(b) Tests: type of asphalt, moisture content of gravel
surfacing, insulation and felts, and membrane Normally there is enough funding for QA only if
sample cutouts. the QC does an effect ive job.

(7) Inspector Checklists: none d. Roofing Problems

c. Area/Resident Engineer Responsibilities (1) What are the most significant problems in roof
construct ion?

(1) Interaction with QC/QA Personnel
Flashing at penetrations and edges. There are nor-

(a) He tries to provide two training classes per week mally no problems with membranes in the center
for QA personnel on a variety of subjects. Classes of the roof unless it is built over lightweight in-
on roofing are held infrequently. sulating concrete.

(b) Attempts to stimulate the QC to do a more efTec- (2) What are the most persistent contractor violations?
tive job.

No persistent violations.
(2) Enforcement Functions in QC/QA

(3) Recommended QC/QA procedures to rectify
The job can be shut down when required, such as problems and violations.
for substandard work or materials.

(a) The QC program should be spelled out in detail
(3) Pressure from Superiors for Job Deadlines in the contract rather than leaving It up to the con-

tractor , They feel the Corps should tell the con-
There are no pressures on this job. The only re- tractor what the QC should do, what qualifications
quirements are that the job be completed within the QC should have, how much time the QC
contract time. should spend on the roof, etc.
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(b) When the Corps conducted its QC/QA in-house, it Yes, to deter m ine I he tt’mnpcrat we ot the aspha lt -

was not getting 100 percent roof inspection, but bot ii in the kettle amid on time root ’, on a rout inc
S 

• still obtained good roofs. The Corps’ recom- basis. Had cut-outs taken to determine bonding ot
mendations are , in order of preference;(l) have all insulation to roof deck. Private laboratory deter-

4 QC/QA in-house conducted by Government per- mined moisture content of felts, insulation and
sonnel; (2) have all inspections done by an m dc- gravel, and type of asphalt.
pendent inspection agency paid by the Govern-
ment; and (3) spell out the QC plan specifically in (3) Are Test Methods Understood?
the contract specification as outlined above.

Yes.
-~ 1. QA PERSONNEL

(4) Is Test Equipment Available?
a. Level of time available or devoted to QA on this

particular job. Yes. Thermometers are available.

The QA (the A-E representative) was on the roof (5) Are Present Tests Adequate?
100 percent of the time.

Yes.
b. Level of training in roofing and in QA practice.

f. Roofing Problems
The Resident Engineer’s office has very little ex-
perience in roofing. (I) What are the most significant problems in roof

construction?
c. Availability of roof plans and specs.

Readily available. No significant problems.

d. Enforcement Functions (2) What are the most persistent contractor violations?

(I) Responsibility of QA Personnel None.

To insure that the roof is built in accordance with (3) Recommended QC/QA procedures to rectify prob-
the specification. lems and violations.

(2) Support from Superiors Contract should specify QC duties and time to be
spent on the roof. He should be on the roof at

Good, start-up and at the close of the day. The QC
should monitor asphalt temperatures.

(3) Interaction with Contractor and QC Staff
3. QC PERSONNEL

To discuss discrepancies, QA fIrst contacts roofing
QC orally. If oral contact is insufficient, a written a. Level of time available or devoted to QC.
notice is provided. If contract modifications are
required, a change-order is issued. Bare minimum by prime QC—probably 10 to 30

minutes daily. He inspects once a day generally at
e. QA Practice the end of the day.

(1) Are Checklists Used? b. Level of training in roofing and in QC practice

No. The QC has been a contract superintendent, so
he has therefore had QC experience, but has had

(2) Are Tests Taken? very little roof experience or training.
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c. Availability and familiarity with plans and specs? (4) Are test methods defined and equipment available?

Yes. No. Test methods are not always defined, and the
frequency of testing is usually not defined.

4 
/ d. Enforcement functions

(5) Is the present QC practice adequate?
(I) Responsibility of QC personnel. He sees his re-

sponsibiities as: The QC says this question is hard to answer on this
job because of the full-time inspection by the A-h

(a) Checking submittals for compliance with contract , representative.

-
, (b) Checking materials on the job to make sure they f. Roofing Problems

are sat isfactory.

(c) Making sure subcontractors understand specifica- 
(1) What are the most significant problems in roof

construction?
• I tion requirements and that any required testing is

carried out. (a) Corps specifications are not tailored to the area or
to the materials available in the area; e.g., the(d) Making sure decks are ready for roof system (this roofing gravel specified was not available in thatis generally done in conjunction with the roof area.contractor superintendent and the QA).

(2) Immediate Supervisor (2) What specification requirements are most diffi-
S cult to comply with?

Contract manager.
(a) Must complete entire BUR (including graveling)

(3) Interaction with QA staff in a given area in one day.

Problems are discussed with the QA in the field. (b) Need better definition of some portions of specifl-
• If the problem cannot be settled, it is discussed cation, e.g., specification says roofing cannot be

with the Corps Project Engineer and then docu- started until an area is ready (i.e., what does
men ted in his daily report. “ready” mean?).

e. QC Practice (3) What difficulties exist in interaction with QA func-
tion?

(1) Are checklists used?
QC and QA do not understand what the other’s

No. functions are. Need better definition of these
functions in the contract specification.

(2) What material reports are submitted and to whom?
(4) Recommended QC procedures to minimize roof

(a) Daily reports are submitted by the QC to the Resi- failures
dent Engineer’s Office.

He believes that CQC as written in the contract
(b) Material submittals are made by subcontractors to will never work beyond the submittal portion and

the QC, and he submits these to the Resident Engi- initial inspection. Once a contractor starts work . -
•

neer ’s office. this QC cannot see the value of having both the
QC and QA doing the same function (inspection).

(3) What test s are required? This QC doesn’t think conflict will ever disappear
as long as the contractor hires the QC; he would

The QC said that these are spelled out in the con- prefer to see an independent outside agency doing 
S

tract in Technical Provision 1-b. the QC, if the Corps cannot do all of it.
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4. FIELD OBSERVATIONS d. Is the deck acceptable for roof application? Who
determined this? How?

a. Are inspectors (QC and/or QA) present at the
start and close of a day’s work? Yes. QC, QA, and 0-h representative. Acceptabil-

ity is determined by observation.
Yes. The A-h representative is present 100 percent
of the time that the roofing work is being done. e. Document QC practice and records observed.

QC and Corps QA are present occasionally but not
necessarily at the start or close of work. “Real” QC is done by the roofing subcontractor

foreman, who keeps no records. The QC reports
from the prime contractor were not made availableb. Is the temperature of the bitumen monitored? .by the Resident Engineer s office.How? By Whom?

f. Document QA practice and records observed.
Yes. By subcontractor personnel and the A-E
representat ive. Uses pocket thermometer. Temper- QA is carried out by the A-E representative who
ature of asphalt at pot is 450°F. Application tern- was on the roof lOO percent of the time.
perature is about 430 F.

g. What contractor violations were observed? What
c. Are materials stored properly? Who inspects this? was done about them?

S 
Yes. These are inspected by the A-E representa- The only violation noted was improper brooming;
tive. this was corrected.
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APPENDIX B: provide the optimum viscosity for laying felts. Since
QC/QA OBSERVATIONS AT SELECTED asphalt manufacture is not an exacting process . this
SITES (NORMAL PROCEDURES USED) temperature varies front one manufacturer to another,

and even varies among products from a single manu-
facturer, depending on the pri:ne material being dis-

This appendix describes findings at two of the seven tilled at the refinery. Allowing the contractors to fol-
sites visited. Normal QCIQA practices were being fol- low the asphalt manufacturer’s EVT recommendation
lowed at these two sites; i.e., the General Contractor and close temperature monitoring at the bucket on the

S performed the QC, and the Resident Engineer’s staff roof would insure that asphalt of the proper viscosity
performed the QA. Annexes I and 2 provide specific was being used for felt application.
responses to questions that CERL asked personnel at
Sites 3 and 4, respectively. 3. As stated in Appendix A , the specification at Site

3 requires that gravel surfacing be applied the same day
The roof had already been completed when Site 3 that the roof is constructed. If this procedure is fol-

was visited, but a visual inspection disclosed a few lowed, it becomes necessary to walk on the newly laid
deficiencies. Aggregate had not been embedded uni- roof to apply the flood coat and spread the aggregate.
formly in the flood coat, and flashing for one vent had Much of the roof is still hot and soft , and the walking
not been thoroughly flooded with asphalt after corn- causes tears in th~ surface. In addition, the specifica-

• pletion. tion clearly states, “do not walk on mopped surfaces
while the bitumen is sticky.” A better procedure would

The roof for Site 3 was simple in shape and design, be to apply a glaze coat first, and then flood and
having a ridge down the center, with both sides sloping spread the aggregate the next day.
to the edges and a hip at each end. The roof deck was
steel on bar joists. The contractor complained that 4. The contract for Site 4 requires all work to be
having a hipped roof necessitated bending the steel completed the same day; however , use of the fibrous
roof deck along the ridges, and that the resultant shape aluminized coating on “~41is job makes it impractical
was not as designed. to install the sheet rnet~I\simultaneousIy with the

S - roofing, because the surface coating takes a long time
The roof at Site 4 consisted of formboard on steel to cure. If no other work is done, 2 days are sufficient,

structure , with a gypsum deck above ; the formboard but along the walls where sheet metal work is to be
was covered with a vapor barrier, insulation, and four- done, the surface coating must cure for a week before
ply built-up roof, with a final topping of a fibrous, it can be walked on.

S aluminum-pigmented roof coating instead of a flood
coat and agg~egate. This roof also had one longitudinal
ridge sloping toward both sides, but there were no hips ANNEX 1: SPECIFIC RESPONSES
at the ends. Both the contractors and the Resident TO QUESTIONS—SITE 3

S Engineer disagreed with certain provisions of the con-
tract specifications. They felt that allowing the Con-
tractor some choice in certain operations would pro- 1. RESIDENT ENGINEER STAFF

• vide a better product . These differences are discussed
below, a. Concerning contract and roof details:

S 
1. The specification at Site 3 requires that the (I) What is the experience of the roofing contractor?

steel deck be welded to the supporting structure. Nail-
ing or clipping the steel deck in place would eliminate Roof Subcontractor: Had never previously in-
the inevitable burn-throughs from welding, and avoid stalled a military roof, and at first complained
the need for subsequent repair and touch-up painting, about following the specifications. but soon real-

S ized he had no choice but to perform as required.
2. The contract specifications are very restrictive in

their temperature requirements for molten asphalt. (2) Who actually performs the CQC?
Manufacturers have begun to publish “equiviscous tem-
perature” (EV1’) information, which is the temperature The construction superintendent of the General —

to which any given batch of asphalt must be heated to Contractor , who has been with his company for
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inure t liaii 26 years. lie has installed several roots (4) How are m aterials submitted for approval?
hu ti me ( i,verimtiicnl

These arc su bm itt ed by the OC In the QA on sta in-
(3) What is the construction of the root ’ system? dard k rins specified lit the contiaci

Fluted metal deck 1/4 in./ft (21 mmfm( slope). (5) Are daily QC/QA reports or log books required ? *
Organic liber insulation board, two layers, each
1/ 2 in. (38.1 mm) thick; four No. 15 organic
felts, hot mopped in place; 60 lb/sq ft (292 A daily report from the QC is required by the con-

tract . This is given to the QA (in this case, thekg/rn2 ) flood coat with aggregate surface. Resident Engineer).

(4) How adequate are the plans and specifications?
(6) What equipment and tests are required?

Drawings and specifications are clear and easy to
follow, but are not always correct. This led to dif- No tests are specifically required. Asphalt maxi-
ferences of opinion between the contractor and mum temperature is specified only for use with
the Resident Engineer. For example, there is a asphalt-saturated felts, and a hand-held thermome-
serious difference between the plastic base flashing ter is used for verification.
in the specifications and that on the drawings. The
specifications specify two-ply base flashing, while (7) Are checklists used by the QC inspector?
the drawings specify five-ply base flashing. The
contractor requested instructions, and was told to No checklists are required by the Resident Engi-

• install two-p ly flashing to comply with the specifi- fleer’s Office, and none are used by the QC.
catiOns.

c. Concerning Resident Engineer responsibilities:
(b) Concerning QC and QA procedures:

(I) What interaction does the Resident Engineer have
QC was performed by the Field Superintendent of with QC personnel?

S the General Contractor; QA was performed by the
S Resident Engineer, who employed no inspectors

at the time. Since the Resident Engineer performs the QA, he
is in daily contact with the QC. This avoids loss

(I) What were his comments concerning the format of time and details through the interaction of a

and content of contractor QC plan? third person.

This was considered adequate because of the rela- (2) What are the Resident Engineer’s enforcement
tively small size of the job. functions in QCIQA?

(2) Was there a preconstruction conference? What was The Resident Engineer has a letter of authoriza-
discussed? tion as Contracting Officer’s Representative (COR).

S This letter directs him to issue “instructions to the
• A preconstruction conference was held to discuss contractor affecting the performance of contractor

the CQC plan, the safety plan, and details of sub- work,” which he feels gives him complete author-
• mittals for approval. The primary concern of this ity to act within the limits of the contract specifi-

conference was to agree on how these plans are to cations. He cannot authorize changes; these must
be implemented. be issued by the Contracting Officer.

(3) Who conducts the initial, interim, and final job in- (3) Does the Resident Engineer experience any pres-
spections? sure from superiors for meeting job deadlines?

These are conducted by the QC, the QA, and sub- Since the job was completed ahead of schedule,
contractor together. the Resident Engineer experienced no pressure.
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(4) Does the Resident Engineer receive adequate sup- d. Are job specifications readily available, and is the
port from the Contracting Officer in the decision QC familiar with them?
of contract violations?

Since he is the Construction Superintendent, he
No disagreements ever had to go to the Contract- is familiar with all requirements and has them in

S 
ing Olllcer kw decision, but the Resident Engineer his nt’tlcc at all ti m es.
was sure that lie would receive proper support.

e. Concerning enforcement functions:
(5) What is the Resident Engineer’s philosophy and

procedure for issuing job stop-orders? (I) What responsibility does he have for QC?

Although he would not hesitate to shut down the As the Construction Superintendent, he has full
job if he felt it was necessary, this action was never authority to enforce any measures he deems neces-
required. sary to make the subcontractor comply with the

specifications.
(6) What personnel are available for QA?

(2) How does he interact with the QA staff?
The Resident Engineer has a staff of three people
to accomplish seven jobs. He is the only one who Since QA is performed by the Resident Engineer,
has taken the General Inspectors Training Course, all contact is direct ly at that level of responsibility.

• S and therefore performs the QA function himself. Relations are good between him and the QA staff.

(7) What funds are available for QA? f . Concerning roofing problems of this project:

No extra funds are available, QA must be per- (1) What specification requirements are most difficult
formed by regular staff. to comply with?

S d. What problems have occurred during this particu- Most trouble is with application methods.
lar construction?

• The requirement for same day application ofThe roofing subcontractor had never installed a aggregate actually hinders roofing production.
roof to military specifications before, and at first It would be better to glaze at the end of each
complained about having to follow them. Once day and then apply all aggregate at one time.
he realized compliance was necessary, he fol-
lowed the specifications and produced good qual- • Where sheet metal is required, the contractor
ity work. should be allowed to install temporary flashings

as he proceeds, and then install all sheet metal
2. QC PERSONNEL at one time.

a. How much time is available for or devoted to QC?
• Industry standards on EVT should be used in-

stead of a specified maximum.While roofing was being performed, the QC was
on the roof approximately 90 percent of the time.

• The contractor should have the option to nail
b. How much training has the QC person had in the entire first layer of insulation to the deck

roofing Qc~ rather than use adhesive.

Has had experience installing many roofs, several (2) What difficulties exist in interaction with th~ QA
of which were for the Government. staff?

c. What QC practices are followed on this job? Most difficulties occurred during the preparatory
inspections, over interpretation of the specifica-

Submittals are made as specified in the contract ; tion requirements. Once these were settled, all
no checklist is used for QC. parties understood the requirements.
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(3) What is recommended to minimize roof failures? roofing specification, in which a paragraph was
titled “Asphalt Built-Up 5-Ply Asbestos Roofing”

Closer control of steel fabrication is needed to but the paragraph specified that three plies should
accomplish desired roof contours. be installed. The table of lap dimensions gave only

the lap for five-ply roofs. An amendment to the
S g. Are the drawings and specifications detailed contract was issued which equalized the title, the

enough for the QC’s purposes in construction? paragraph, and the table at four plies.

S They are clear and easy to follow, but not neces- b. Concerning QC and QA procedures:
sandy correct.

QC was performed by the Field Superintendent of
3. FIELD OBSERVATIONS the General Contractor; QA was performed by the

Resident Engineer, who had no inspectors at the
None. The roof had been completed before the time.
site visit.

(1) What comments would the Resident Engineer have
concerning contractor ’s QC plan?

S ANNEX 2: SPECIFIC RESPONSES The plan was considered satisfactory . It included a
S TO QUESTIONS SITE 4 list of items to be checked, submittals to be made,

and a sample of the daily QC report.

I - RESIDENT ENGINEER STAFF (2) Was there a preconstruction conference? What was
discussed?

a. Concerning contract and roof details:
In addition to the normal preconstruction confer-

(I) What is the experience of the roofing contractor? ence for the entire job, which was devoted mainly
to the CQC plan, safety plan, insurance, and other

Has performed many large construction projects. legal matters, a special preconstruction conference
was held for roofing. All technical requirements

(2) Who actually performs the CQC? were reviewed with both the General and the
Roofing Subcontractor. Specific items addressed

The Construction Superintendent of the General were:
Contractor , who has been with his company for
6 years. He has supervised several large jobs, but • inspection of the work area to insure that all
this is his first Government construction job. He preliminary work was completed.
has had no formal training in roofing, and his
knowledge is limited to the content of the plans • Review of all submittals.
and specifications for the current project .

• A check to insure that all materials had been
(3) What is the construction of the roof system? approved.

Formboard on bar joists; ~ ‘psum concrete deck • Review of plans and specifications, which in-
(1/4 in.Ift 121 mm/mI slope), vapor barrier; cluded a careful search for discrepancies.
insulation; four No. 15 asbestos felts, hot mopped
in p lace ; aluminum-pigmented top coating, rein- (3) Who conducts the initial, interim, and final job
forced with asbestos fibers. inspections?

(4) How adequate are the plans and specifications? Initial inspection of roof decks is performed as
part of the preconstruction conference. Interim

Drawings and specifications are clear and easy to inspections are performed daily, and reported on
follow. A discrepancy had been discovered in the the daily QC form. The Resident Engineer turns in
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S a daily QA report on a form developed f’or that (3) Does the Resident Engineer experience any pres-
purpose by the District Office in charge of the sure from superiors for meeting job deadlines?
project.

S_I The Area Engineer , to whom the Resident Engi-
(4) Flow are materials submitted for approval? fleer reports, is primarily concerned with the

quality of the work , and is constantly requiring
The QC submits these to the QA on standardized careful attention to CQC and QA. The using

forms specified in the contract. agency had been pressuring for completion, but

S 
was quiet at the time of the visit , since the job

(5) Are daily QC/QA reports or log books required? was ahead of schedule.

S The contract requires a daily report from the QC. (4) Does the Resident Engineer receive adequate sup-
The format for this report was submitted by the port from the Contracting Officer in the decision
General Contractor as part of the COC plan. This of contract violations?
report is given to the QA (in this case the Resident
Engineer), who submits his own report on a QA No disagreements ever had to go to the Contract-

S form developed by the District Office. ing Officer for his decision, but the Resident Engi-
neer was certain he would rece ive proper support

(6) What equipment and tests are required? if it were required.

No tests are specifically required. Asphalt maxi- (5) What is the Resident Engineer’s philosophy and
mum temperature is specified for both vapor procedure in issuing job stop-orders?

S 
barrier and built-up roof application, and a hand.
held thermometer is used to verify this. Although he would not hesitate to shut the job

down if it were necessary , this action was never
(7) Are checklists used by the QC inspector? required.

No checklists are required by the Resident Engi- (6) What personnel are available for QA?

S 
neer’s office, and none are used by the QC.

The Resident Engineer has a staff of three people
c. Concerning Resident Engineer responsibilities: to accomplish seven jobs. He is the only one who

has taken the General Inspectors Training Course,
(1) What interaction does the Resident Engineer have and therefore performs the QA function himself.

with QC personnel?
(7) What funds are available for QA?

Since the Resident Engineer performs the QA him-
self, he is in daily contact with the QC, which No extra funds are available. QA must be per-
eliminates the loss of time and detail which could formed by the regular staff.
result from their interacting through a third person.

d. What problems have occurred during this particu-
(2) What are the Resident Engineer’s enforcement lar constructiun?

functions in QC/QA?
S Roofing work to date had been performed satis-

The Resident Engineer has a letter of authoriza- factorily.
tion as ContractingOfficer’s Representative (COR).
This letter directs him to issue “instructions to the 2. QC PERSONNEL
Contractor affecting the performance of contrac-
tor work ,” which he feels gives him complete a. How much time is available for or devoted to QC?
authority to act within the limits of the contract
specifications. He cannot authorize changes; those Due to the scope of the project, the QC was un-
must be issued by the Contract ing Officer. able to spend more than 25 percent of his time on
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the roof. He had to rely to a great extent on daily f. Concerning problems with roof construction on
required reports from his subcontractors. Other this project :
QC personnel made hourly checks.

H (1) What specification requirements are most difficult
b. How much training has the QC person had in to comply with?

roofing QC?
• The requirement for daily installation of sheet

S The QC has had no formal training in roofing. His metal is the most difficult . The fibrous alumi-
knowledge is limited to the current project ’s plans nized coating takes at least I week to cure to a
and specifications, point where it can be walked on; when sheet

S metal and roof topping are installed at the same
- time, the topping sustains damage from work-c. What QC practices are followed on this project? 

men’s shoes.

Submittals are m ade as specified in the contract. • The use of a handrail, which is really a safety
There is no formal written checklist, but one is problem, seriously affects the work. Roofing
developed as the job progresses. and sheet metal work cannot proceed at the

S S edge when the handrail is in place, and there.
d. Are job specifications readily available and is the fore it must be removed. If it is reinstalled, it

QC familiar with them? creates problems to the completed roof.

Since he is the Construction Superintendent, he (2) What difficulties exist in interaction with the QA
is familiar with alt requirements and has them in staff’?
his office at all times.

Most problems arise over safety requirements.
e. Concerning enforcement functions: There is no difficulty with QA. since the specifica-

tions are straightforward.
(1) What is the QC’s responsibility? .g. Are the drawings and specifications detailed

enough for the QC’s purposes in construct ion?As the Construction Superintendent, he has full
authority to enforce any measure he thinks is They are dear and easy to follow. Discrepancies

S 
necessary to make the subcontractor comply with were identified at the preconstruction conferencethe specifications, and were eliminated by change-orders.

(2) How does the QC interact with the QA staff ’? 
~ FlE W OBSERVATIONS

Since the Resident Engineer performs QA, all con- None. One building had been completed prior to
tact is direct ly at his level of responsibility. Rein- the visit, and the next , although ready, had not yet
tions are good between him and the QA staff. been started because of indement weather.
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APPENDIX C: .5
S SAMPLES OF DAILY CONTRACTOR

QUA L ITY CONTROL REPORT FORMS

Sample #1

I _ _ _

DATE - 
RECORD NO

H QUALITY CONTROL RECORD
PROJECT NO _____________________________________ BLD G. NO.

AV E RA(,E
S WEATHER (DESCRIbEI TEMPERATURE ______________

ROOFING AM. A M. QUALITY AM. AM.
CREW STA RT ______ P M  STOP P M  CONTROLLER START ______PM.  STOP P5M5

TOTAL ROOF PREVIOUSLY COMPLETED TEET SAMPLES
AREA ISOUARESI___ COMPLETED ________ TODAY ___________ REMOVED _____________

PRODUCTS EXECUT ION
SEE PROJECT SPICIFICATIONS — — SEE QUALITY CONT ROL GuI)E

iCHECK A PPFOPRIATE BOX SELOW) (CHECK APPROPRIATE BOX BELOW)

COMPONENTS Not App WORK Nat App- W O F K  Not App
C mpmu.s Variu Complies Vanes Compsies Vari es

S (t~ps, Quantity. S’s.) lscabl. ITEM licabI ITEM liceble
UN0 ERLAY~ ENT  

— 
1    13

INSULATI ON   
— —

$ MEMB RANE  IS

COMPO . FLA SHING 
— 

4    IS — —SHEET METAL 17
FASTENERS 18
*000
UA~~ NTS__- 20
EXPANSION JOINTS 21
ALL OTHER MATERIALS lB 22

____________________ 
11 23

5 12 Others
EXPLAIN VARIANCE (IF N ONE WRITE “NONE”)

UNRESOLVED V/iRIAI~~CES ON RECORD NOSS____________________________________________

ACTI ON TAKEN TO RESOLVE VARIANCE S

S I CERTIFY THAT I HAVE PERSONALLY PERFORMED THE REQUIRED TESTS ANO MEA~;UR EMENT S AND
ATTEST THAT THIS Q.C. RECORD IS AN ACCURATE RECORD OF ALL WO RK ACCOMPLISHED TODAY.

S OUALITY CONTROLLER ____________________________________________________________
IGNATURE

RECEIVEO SY _____________________________________OATE_______________
SIGNATURE

AF Form 1063 T.st S

APR 75

31
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Sample #2

j

(Sampl e of typical Contractor Quality Control Report )

CONTRACTOR’S NAME
(Address)

DAILY CONSTRUCT ION QUALITY CONTROL REPORT

Date: Report No.___________________

Contract No.:________________________________

DCscription and Location of work: _______________________________________________________

WEATHER: (Clear) (P. Cloudy) (Cloudy); Temperature: M m .  Max;
Ra infall_ Inches.

S Contractor/Subcontractors and Area of Responsibility with Labor Count for Each
a.
b.

S C.
d.

Equipment Data: (Indicate items of construction equipment, other than hand
tools, at the job site, and whether or not used.)

1. Work Performed Today : (Indicate location and description of work performed.
Refer to work performed by prime and/or subcontractors by letter in Table
above.)

2. Results of Surveillance: (Inc lude satisfactory work completed , or
deficiencies with action to be taken.)

a. Prepa ratory Inspection:

b. Initial Inspection:

c. Follow—up Inspections:

3. Test Required by Plans and! or Specification s Performed and Resul ts of Tests:

32
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/

4. Verbal Instructions Received: (List any Instructions given by 6overnlnent 
S

personnel on construction deficiencies, retesting required, etc., with
action to be taken.)

S •

5. Remarks: (Cover any conflicts in pl ans, specifications, or instructions
or any delay to the job attributable to weather conditions.)

6. Safety Violations (EN 385—1—1 and approved Safety Program ) and Corrective
ktlon Taken :

S 

Cont ractor ’ s Inspector

I CONTRACTOR’S VERIFICAT ION: The above ’ report Is complete and correct and all S

material and equipment used and wo rk performed durin g this report ing period
are in ccmpl lanc e with the contrac t pl ans and specifications except as noted
above~

~~ntractor ’ s Approved Authorized Representative
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R. N. ROUSE & COMPANY, INC.
1019 N. WILLIAM STREET

GOLOSBORO, NORTH CAROLINA

CONSTRUCTION QUALITY CONTROL REPORT

Contract No. DACA21—78-C-0021 Date 
____________________ 

Report No. _________

H WEATHER :
Temperature: ____________ 

m m .; 
_____________ 

max.

Rainfall:

CONTRACTOR/SUBCONTRACTORS AND AREA OF RESPONSIBILITY

DESCRIPTION & LOCATION OF WORK PERFORMED TODAY: 
______________________________________

RESULTS OF SURVEILLAN CE: S 
S

34
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5--’- ____________
I

/~ PAGE 2

TESTS REQUIRED BY PLANS *1W/OR SPECIFICATIONS PERFORMED AND RESULTS OF TESTS

VERBAL INSTRUCTIONS RECEIVED: 
_________________________________________________________

REMARKS: 
___________________________________________________________________________

Inspector

CONTRACTORS VERIFICATION:

The above report is complete and correct and all material and equipment used
and work performed during this report period are In compl iance with the
contract plans and specifications except as noted above.

quality Control uii icer

_ _ _  - 5---- 5 5 5-~~~ — -________
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S J. V. DOWELL CONSTRUCTION COMPANY , INC.
561 CEDAR AVENUE , N. V.

ATLANTA , GEORGI A 30318 (404 ) 799-0251

S 

CONSTRUC TION QUALITY CONTROL REPORT

DATE: 
___________

REPORT NO.
_____________

CONTRACT No.: _________________________

DescrI ption and location of Work: ________________________________________________

Weather: (Clear) (P. Cloudy ) (Cloudy); Temperature:_Min,_Max; Rainfall_In.

CONTRACTOR/SUBCONTRACTOR S AND AREA OF RESPONSIBILITY
A.
B.
C.
0.

E.
F.
G.

1. Work performed Today:

2. Results of Surveillance:

3. Tests Required by Plans and/or Sp~cif1cations Performed and Resul ts of Tests: S 

______ ____ 
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Sample #3

,
5

SNETA FE £IGEN((RS , INC.
P.O. BOA

CONTRACTOR DAILY CONSTRIJCTION aJALITY CONTROL REPORT

PROJECT : ____________________________________ JOB NO, 
____________________________

LOCATION: _____________________________________ 
CONTRACT NO. _________________________

DATE _________________t9 _________ 
REPORT NO, —

WEATHER : __________________ 
TEMP : _________________ 

MAX : __________ 
RAINFALL INCHES

WORK FORCE
‘k B C 0 E F C H I J K I N

A. Santa Fe Engineers. Inc. Contr , — 

B, 
___________________ 

Sub.
C. __________________ 

Sub,
0, 

__________________ 
Sub,

E. ___________________ 
Sub .

F. _____________________ 
Sub,

C, 
___________________ 

Sub ,
H. ___________________ 

Sub.
I. ____________________ 

Sub.
__________________ 

Sub.
K. __________________ 

Sub.
I. ___________________ 

Sub.
N. __________________ Sub.

.1
TOTALS

1. Work performed today : Indicate location and description. (refer to work perf ormed
by pr~e and subcontractors by letter indicated above).

2. ReSult of inspection of work In progress today: (Include satisfactory work done and
deficiencies, Including safety , and any action taken).

J. Tests performed today : (Name and locat ion of tests ) Test resul ts on sepa ra te sheet.
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4. Verbal instruct •~ns received from govern ment personne l: (List fnstructloni given and
ind icate name or nuies.)

5, Delays and delaying fact o rs. lMeather. st rikes , ma teria l, etc. ) Indicate exte nt, typ e
of work , iuuber of men involved. If no delay . indicate .

6. l4aterfals and equipment de liver ed to jobsite today.

7~~Ramirks: Cover any conflicts or onin iss lons noted th is date in plans. sp ecif ic~tions. or —
Instructions from government emplo yees:

contra ctor ’ s Quality Cont rol Supervisor

VERIFICATI ON: The above report Is complet e and co rrect and il l material and equipment used —
and work performed today are in compliance with the contra ct plans and specifications
except as noted above.

Contractor ’s Authot9zed Representative S
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REFERENCES Griffin , C. V.. Manual of Built-Up Roof Systems
S (American Institute of Architect s, 1970).

S construction contractor Submittal Procedures, ER
415-1.10 (Office of the Chief of Engineers [OCEj, Keeton , J. R., and R. L. Alumbaugh , Roofing Survey
16 July 1973). of Naval Shore Bases. Technical Memorandum No .

5 2-77-3 (Naval Construction Battalion Center ,Civil
S Construction Inspection and Work Records , ER 415- Engineering Laboratory, March 1977). -

1-302 (OCE, 1 February 1977).
S Mathey , R. G., and W. C. Cullen , Preliminary Perfor-

Construction Inspector ’s Guide, Architectural and mance criteria for Bituminous Membrane Roofing.
Structural Features in Building Construction , EP Building Science Series 55 (National Bureau of
415-1-262(OCE , June 1965). Standard s, November 1974).

Construction Quality Control. ER 1180.1-6 (ocE, 10 Nugent , M. C., Evaluation of Contractor Comments on
October 1972). the Quality of Specifications , ASCE Journal of the

Construction Division , Vol 104, No. C02 (ASCE ,
Dean , i. C. , et a!., Contractor Quality Control, ASCE June 1978), pp. 1 53-156.

Journal of the Construction Division , Vol 102 
5

No. C03 (American Society of Civil Engineers Resident Eng ineer ’s Management Guide, EP 415-1-260
IASCEI September 1976), pp 535-546. (OCE, 15 October 1973).

Equiviscous Temperature (E VT), Technical Develop- Roofing Manual (National Roofmg Contractors Associ-

ments Bulletin No. 2 (National Roofing Con- 1

tracto r’s Association, December 15, 1977). Stephen , L. M., Construction Quality Assurance (South 
.5

Atlantic Division , U.S. Army Corps of Engineers 5

Fisk , E. R., Designer Evaluation of Contractor Corn- July 1970).
ments on Specif ications , ASCE Journal of the
Const ruct ion Division, Vol 104, No. COl (ASCE, Torillo, M. R., Memorandum , Subject : SAC Roof
March 1978), pp 77-83. Management Program, HQ SAC/DEMM (1977).
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1. Roofs-qu ality control. I. Rosenf ield , P~yer J. XI. Blair , J. HZ.

5 Rervin, Eugene L. IV. Title. V. Series : U.S. Av~~ Construction EagiM.ring
S Research Laboratory. Technical report ; P1-267.
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