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1.1- Entry Level Construction Engineer Duties & Responsibilities

Project Documentation Course Introduction: Duties and Responsibilities of the
Entry Level Construction Engineer

A Construction Engineer may have the most exciting and interesting job of
anyone in Construction. They also have the most diverse responsibilities
that include not only knowing their engineering skills but also learning about
things ranging from paving techniques to public and owner relationship skills.

We can develop a listing of the "Formal" responsibilities that a construction
engineer is accountable for, (Most engineers have seen recruiting handouts
describing the duties and responsibilities of the Construction Engineer),
however, the "informal” listing needs to remain flexible. So often unique
situations develop on a job site that need to be addressed. So often the
Construction Engineer is the one person to handle it.

The engineer is part of a team and must drop the written boundaries and do
what it takes to make the team the best that it can be. Adopting this positive
attitude early in a career will go a long way in career development.

No matter what or where an engineer’s initial assignment may be, look at it in
a positive light. Look to help people, and they will look to help you.

The real learning comes on the job site. Talk to people in the field and on the
office staff. As you are going around to measure daily quantities, stop to ask
the bridge superintendent how the deck pour is going, or why he formed the
piers in this particular fashion. Communicate your questions about charging
items into the cost to the office manager or Project engineer.

The worst thing any of us can do or say is "That's not my Job".

Stay Flexible in your Thinking
Always Think Positive

Be a Team Player.
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The overall responsibility of the Entry Level Construction Engineer is to
assist the Project team to accomplish a financially profitable Project,
completed on time, in a safe manner, and meeting (at a minimum) the
specified level of quality. Specific duties will be to assist the Project
Engineer in the daily engineering tasks. The following list represents a few
of the duties performed by Entry Level Engineers on a construction Project:

e To work with the Project Manager and Project Engineer in the planning
of the work. This could include using a Primavera generated CPM or
another scheduling medium. It may also include scheduling of
subcontractors and/or material deliveries.

e To keep accurate quantity records of completed work to help in
generating accurate Project unit costs. This includes supervising to
ensure proper charge codes for labor, equipment, and material.

e To organize and supervise the survey work required on the Project.
This could include working with state-of-the-art GPS equipment.

e To aid the Project team with Traffic Control related engineering sKills.
e To assist with the preparation of agreements with property owners for
the purchase of borrow, gravel, and the rental of land and buildings.

e To assist with resolution of problems arising with subcontractors,
owners, utility companies or adjacent landowners.

e To provide measurements, drawings and Diary entries to document
and support interest involving accidents or claims.

e To complete any quantity take off and calculations from the plans to
ensure the proper progress of the work.

e To assist management in estimating and pricing potential new
Projects.

e Draft RFI's, RFC’s, Transmittals, Submittals, and other contract
document related correspondence

Each of these items could be a course for the Entry Level Construction Engineer,
this Course will concern with Project Documentation: Part 2. — Quantity Books.
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Quantity Books

2.1 - General

General

Any size Project requires a huge effort to start up, operate and finalize.
There are always a lot of issues that arise, either with the owner, the unions,
the utility company, etc., the list goes on and on. Much of the problem
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resolution is done with written documentation of conversations, agreements
and the like. These documents record the happenings of the Project, and
with proper filing and copy distribution, there is an accurate record of most
things in case of any problems in the future.

Of these issues, getting paid by the owner for all of the work we perform is of
the utmost importance. The only way we are going to know if we are indeed
getting paid for all we do, is by keeping organized and accurate records.
This means much more than making mention of areas and types of work
performed in your diary each day. We need to set up a series of files,
whether in a 3-ring binder notebook, in file folders, or digitally on a computer
or tablet, where a daily record of quantities can be kept. These records
must be correlated with those of the owner, and justified with delivery slips,
load counts or actual field measurements. In this course we will explain the
different types of quantity records that are needed and discuss the best way
to accomplish this not so simple task.

Quantity records are not the only records we need to keep.

Correspondence records are equally important. Entitlement to payment is
usually either established in the Standard Specifications, project proposal,
on the plans, or in written correspondence. The Standards, proposal, and
plans are documents that both the owner and the contractor have as part of
the construction contract documents. So, although there may be disputes
over the interpretation of the documents, copies of each exist in several, if
not many, locations and can be produced or reproduced if need be.

This is not the case with quantity records and correspondence. Some
items, like quantity books, are usually kept in one volume(s), so the location
of that volume must be as secure as possible. A Corporation must ensure
that all correspondence is distributed to backup locations, and that it is
organized efficiently and effectively at each of these locations. This of course
starts on the project level, with a key player being the Project Engineer.
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2.2 — Quantity Books

e Quantity Books

There is no sense doing something if it doesn't have a purpose. Keeping
track of the quantities and any information concerning them, helps in many
ways. First, it substantiates the quantity of work performed so it can be
incorporated into a request for payment. Usually, the burden of proof for a
payment request is a contractor’s responsibility and is based on the quality
of their supportive documentation. This doesn’t mean owners are not diligent
in their record keeping. They need to ensure their budgets are correct and
fair, but they may not be as thorough in their record keeping because it is
easier question or deny payment than to prove it is valid. Granted, whether a
payment is made for 5,000 LF or 5,400 LF of wire costing $.10/LF, won't have
a significant impact to the margin of the project; especially if it is a
subcontractor item with little or no margin to the prime contractor.

Conversely, whether payment is made for 5,000 If of 96" concrete pipe or
5,400 If of that same pipe, which could have a Bid Price of $550.00 per linear
foot and a margin of $100.00/If, will have a considerable effect. Additionally, if
the project doesn’t get paid for a quantity of work performed, it not only loses
out on the projected margin, but also loses the actual cost of doing the work
itself. That will in turn, inflate the unit cost for the quantity of work that was
paid, which is important information for future bidding purposes of the unit cost
for placing this pipe.

%+ The next page is a screen shot from an excel spreadsheet quantity book
example. The sheet contains summary project information and a table
for the specific quantity data. The table contains the item number and
description, unit of measure, the quantity and date installed, as well as
notes about the particular measurements. The sheet also gives general
information about the item that supports the quantity calculations (for this
item: Plain Steel Reinforcement Bars, an inclusion of standard weights
and properties of a #8 Bar is included). Also included are the pertinent
contract drawings that show the location and requirements for the bars.
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Ex. 2.1 — Example Microsoft Excel Quantity Book Spreadsheet Page

Quantity Checklist MP 7.46 2 - Last Modified: 9/14/2016 - /O Search John Kristensen, PE. 1K 3}
File Home Insert Page Layout Formulas Data Review View Help BLUEBEAM % Share 2 Comments
N + *mm Psplit | OO View Side by Side = =
Bl az: il e | Q[ B | 7 B S : &
efaul EH IE ormula Bar 00 Q DHice - %ﬁ "QB
[rr @ s New I= Normal Page Break Page Custom ! Gridlines [+| Headings Zoom 100% Zoom to New Arrange Freeze Switch Macros
: + o Preview Layout Views = Selection | Window All Panes ™ [:] [Eh) Windows v v
Sheet View Workbook Views Show Zoom Window Macros ~
H21 - fe v
A | B | C | H 1 J |k | L | M N -
g imperial SO Weightper  Massper  Nominal Nominal oo, Nominal
9 REFERENCE: Plain Steel Reinforcement Bars - Quantity Checklist Teme el ULiED EUELL BIiEm [EINEm Area(in?) Arez:
5 (Ib/it) (kg/m) (in) (mm) (mm?)
1El_ BRIDGE: Unknown Stream, MP 7.46, 7.99
11 RESPONSIBLE ENGINEER(S): # #25 267 3982 1.000 254 07a 509
12|
DATE
13| CLIENT CODE TMC CODE DESCRIPTION um aTy INSTALLED NOTES
147 032111.01 Plain Steel Reinforcement Bars [ | 96.12 | | |
15 Pay Item| 0330.0105.005|Plain Steel Reinforcement Bars LB | 96.12 | 02/10/16 |12 %3 LFx 2.67 LBS/LF=96.12 LB ‘
16 0330.0105.005|Plain Steel Reinforcement Bars LB 8.35 02/11/16 12 x8"x 1.044 LBS/LF=8.34 LB
17]
18 | o .
19 4 s COTYON OUCK. HEET ML DE PAR) FOR AR THE [T “ELASFONENIG DEARIVT"
20 H - THE B PR VAt S0 ERGEITTTE AR St B mncnen b
21 P s o sTrucTUNE exoavamion canm conne |
d
22 7" WATERPSLOOFING MEMBRANE FILL WITH NON-SHRINK GROUT
g I 1" x 1% CHAMFER PRECAST CONCRETE SLAB
23 SRR ) |
= A [-;z;g «{[ ] WS‘%‘._ o e Lo seone
25 /_‘”‘l‘
26 e t GERBUTHENTS Witk CONCRETE RALLS
- A - TYPICAL INTERIOR PRECAST SLAB SECTION i commow bucx sweer i CALINEZED
2 : 12_Requinee) B R
28 h BRILL AN GROUTE.
| 3 o e e
29 ; s ra ) 2o b dairenr S ——
- . e' | Tl e manne
30/ i | LT
52 3 ! ! E RS—
33 g i " e e —us e 1
34 £ ! ! R S R | A i o oo | easmine msowar rescwa
35 .| ! B . b NoRL S GROUT
| ! P, APkt M
36 | ol is CP A A PRPRPNC 3
3?, H H TYPICAL FASCIA PRECAST SLAB SECTION
38 B B ]
® — P SCAE: 304" = 10 [ ——
40| -
41 DECK_PLAN MEASURED ALGNG € CULVERT SECTION B-8 -
S Ve = rw
» | Bridge Qtys ‘ 024119.33.01 (GG) | 032111.02 (DG) | 032111.01 (DG) | 034101.01 (CM) ‘ 044301.01.01 (JS) | 055000.01 (DG) | 071300.01 (DG) ‘ 310516.03 (G' ... () q »

:::] (=]} m - | + Asw
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2.3 — What Information Do We Want To Track?

As far as quantities and record keeping is concerned, usually the engineer
is responsible for all production and cost figures, and all correspondence with
subcontractors, suppliers, and the owner dealing with quantities and the
technical aspects of building the project. The actual listing of needed facts
differs from job to job, but in general terms, the following categories should be
tracked:

e Pay Quantities

* No-Pay Quantities

* Material Yield Factors

 Raw Material Deliveries

* Shop drawings

* Production Rates of Major Items of Work
* Final Project Cost Information

% One program that could be used for a digital Quantity Book is
Microsoft Access. Microsoft Access is a useful program offered
through their Office 365 Suite but even though it is still available for
use, it is unfortunately no longer supported by Microsoft and therefore
tech support and updates are no longer available. From their online
description, “Access is an information management tool, or relational
database, that helps you store information for reference, reporting and
analysis. Access can also overcome the limitations found when trying
to manage large amounts of information in Excel or other spreadsheet
applications.” The next pages are screen shots from a project quantity
book which used Access. The main page included the original bid
items as a general data page. The next page “drills down” to the cost
items data, and further drilling would get to the summary line for each
individual cost item tracked. The links and information are already in
place as opposed to something needing to be created in Excel which
makes it a ready for use program. Similar alternate databases are
available as substitutes.
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Ex. 2.2 — Example Microsoft Access Quantity Book Main Sheet

Screen Shot from Microsoft Access Quantity Book Main Data Page (Microsoft Access is no longer supported but any linked database

platform can be used

E = 3029 Qty book : Database- C:\Users\jkristensen\OneDrive - The Middlesex Corporation\Downloads\3029 Qty bookaccdb (Access 2007 - 2016 file format) - Access John Kristensen, PE.  IK
File Home Create External Data  Database Tools Help £ Tell me what you want to do
E > Totals p 4
&
View 123 Advanced - Refresh Find 7 Golor A at
- 44 Remove Sort Y Toggle Filter All - [ More ~ [ Select - B I U
Views Clipboard ] Sort & Filter Records Find Text Formatting ] ~
53] pata X‘El Cost Item F ><|
; Quantity BOOk Data DOT Estimates Co/sm Heavy Job Import
B New Work ltem | Cost Item List 1 aagngmeers List g5tages List @-structures List | §4 SUVStLTil;:IWES Reports ~ Period Qty Report TMC Estimate Report
ID Cost Item - DESCRIPTION - Start - Finish ~t Location Description = | Quantity -¥ U/M - Notes -
1.8 1131002 Changeable Message Signs 4/25/2019 Govenor Ramp Message Board 1 uD
1.7 Barrier Wall & Footing - Concrete 0 cy Item Delteted
1.3.3 #2366 - Install Geogrid & Block Wall Install Geogrid & Block Wall **Bearing Bed** - 82.49 SY 2366 Abut #1
9500.3029.001 Support of Excavation Substructure 02369 1 One installation of sheet pile but
1.8 1131002 Changeable Message Signs 4/9/2019 Darlin St Ramp Message Board 1 uD
1.6.4 #847 - Bridge Flectrical 0 LSS
1.1.4 BRIDGE NO 00847 DESIGN SERVICES 11/1/2017 11/30/2017 Design Services - Estimate # 1 0.4
1.2 Mobilization 11/1/2017 11/30/2017 Mobilization Estimate # 1 0.4375 LSS Mobilization Estimate # 1
1111 QA/Qc 11/1/2017 11/30/2017 QA/QC November 2017 1 MO
1.11.4 OWNER FIELD OFFICES 11/1/2017 11/30/2017 November 2017 1 MO
1.11.4 CONSTRUCTION FIELD OFFICE 11/1/2017 11/30/2017 Const. Field Office - Nov. 2017 0.07
1.11.3 PROJECT PROGRESS AND PAYMENT SCHEDULE™ 11/1/2017 11/30/2017 Initial Schedule 0.1125
1.11.1 QUALITY MANAGEMENT PLAN* 11/1/2017 11/30/2017 QMP Estimate # 1 0.05
0000.0010. Field Office Rent/Setup/Breakdown 11/1/2017 11/30/2017 Estimate #1 1 MO
1.13 BRIDGE NO 02369 DESIGN SERVICES 11/1/2017 11/30/2017 Design Services - Estimate # 1 0.4
1.1.2 BRIDGE NO 02367 DESIGN SERVICES 11/1/2017 11/30/2017 Design Services - Estimate # 1 0.0325
1.1.1 BRIDGE NO 02366 DESIGN SERVICES 11/1/2017 11/30/2017 Design Services Estimate # 1 0.0325
1.8 MAINTENANCE AND PROTECTION OF TRAFFIC 11/1/2017 11/30/2017 MPT Estimate # 1 0.01345338 MPT Estimate # 1
1.11.3 Scheduler (704 MHRS) 11/1/2017 11/30/2017 1 MO
1.11.2 QA/QC Testing 11/1/2017 11/30/2017 Testing Monthly 1 MO
1.11.2 QUALITY CONTROL PLANS* 11/1/2017 11/30/2017 QCP Estimate # 1 0.1
1.11.4 CONSTRUCTION FIELD OFFICE 12/1/2017 12/31/2017 Const. Field Office - December 2017 0.07
0000.0010. Site Management (21472 MHRS) 12/1/2017 12/31/2017 Estimate #2 1 MO
0000.0010. Field Office Rent/Setup/Breakdown 12/1/2017 12/31/2017 Estimate #2 1 MO
1.11.2 QA/QC Testing 12/1/2017 12/31/2017 Testing Monthly 1 MO
o i A oo e A P Py = o o e o
Total BHARBHEHHGHHES -
Record: 14 4 183 0f910 | » I Y Fitered | search Al L4
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Ex. 2.3 — Example Microsoft Access Quantity Book Item Page

Screen Shot from Microsoft Access Cost Item Page (Microsoft Access is no longer supported but any linked database platform can be
used)

File m Create  External Data  Database Tools Help  Datasheet £ Tell me what you want to do
V4 Y A| Ascending Y Selection - = New |3 Totals p ZicReplace | (L -[11 -
e i %! Descending T Advanced - R— =5 Save  Spelling - = GoTo~ _
- 44 Remove Sort All - = More - [ Select - B I U A- 2= = -
Views clipboard = Sort & Filter Records Find Text Formatting [ ~
F5 pata % ‘ 5| CostltemF x ‘
KEY . ITEM # ~ | Phase Code DESCRIPTION = |Responsib - Bid QTY = Takeoff QTY » u/m = | Man HOUR =~ BID Unit PRICE - BID Revenue = -
= |1.2 MOBILZATION cF 1 115 0 $2,000,000.00 $2,000,000.00
& 1.6.3 0305.0315.663 #847 - Cure Substructure RG 2800 2800 SF 10.5 S-00
E! 1.5.3 0332.0050.653 #2369 - Drill & Grout Rebar RG 1280 1280 EA 1280 $-00
& 21.2 0104.0110.000 Mobilization RG 1 1155 448 5-00
B 31.2 0300.0005.000 Test Strips and Slab DMF 6 6 CY 254 $-00
E 41.2 3101.0125.000 Anti-Tracking Pads RG 1 1155 42 5-00
& 51.2 3101.0160.000 | &R Silt Fence RG 4000 4000 FT 52.5 5-00
& 61.2 3101.0165.000 | & R Hay Bales RG 1500 1500 EA 96 5-00
E! 712 3101.0213.000 1&R and Maintain Silt Sack RG 10 10 EA 170 5-00
& 81.2 3301.0700.000 Test Pits to Locate IMS & Electric DMF/RG 20 20 EA 200 5-00
& 91.7 HIGWWAY CF 1 1 $3,000,000.00 $3,000,000.00
2 10 1.7 0241.2000.700 R&D Precast Concrete Barrier DMF 950 950 LF 160 5-00
B 111.7 0241.2127.700 Saw Cutting DMF 6000 6000 LF 0 5-00
B 12 1.7 0305.0310.700 Barrier Transition - Wet Cure DMF 6500 6500 SF 42 $-00
& 13 1.7 0305.0325.700 Barrier Transitions - Point & Patch DMF 1800 1800 SF 102 5-00
[+ 14 1.7 0305.0335.700 Barrier Wall - Concrete Penetrating Sealer DMF 28000 28000 SF 583.8 5$-00
[+ 15 1.7 0321.0210.700 Barrier Wall & Footing - Concrete DMF 55 55 CY 0 $-00
E 16 1.7 0341.0501.700 Furn Single Face PCB 45" F & 54" Vert DMF 2260 2260 LF ] 5-00
B 17 1.7 0341.0515.700 F&P Leveling Blocks DMF 452 452 EA 987.75 5-00
2 18 1.7 0341.0520.700 Precast Barrier - Set/Bckfl/Cap DMF 2040 2040 LF 978 5-00
! 1917 0552.0101.700 F&I Metail Beam Rail RG 2080 2080 LF 0 $-00
B 201.7 2605.0000.700 Replace Damaged Signal Loops DMF 6 6 EA 0 $-00
] 2117 2615.0000.700 Single Face Alum Signs - Perm RG 230 230 SF 0 $-00
Total $22,099,818.81 -
Record: 14 10f278  » »l» Search Al »
Datasheet View M Cnline with SharePoint iz

4:50 PM

2/4/2021
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2.4 —Where Do We Get Our Quantity Information?

We have several ways to obtain our quantity information. Many items are
physically measured in the field and have units of measure like per each (EA),
per linear foot (LF), per square or cubic yard (SY or CY), etc... This works well
for quantities of filter fabric, curb, gutter, fence, or guardrail. Sometimes rough
measurements can be accomplished simply by pacing the length of a trench,
while other measurements will need to be more precise and may require GPS
surveyed models of an excavation or building pad. It is good to get out of the
office at least once a day to do this work. While measuring some of the
quantities, the engineers also get to see what other construction operations of
the project are being performed. One gets to see the paving or bridge building
operations while getting the quantification work done.

Some items are based on the “neat” plan quantities and have more practical
ways of obtaining information. These item amounts can be found by calculating
quantities from the plans. Neat bridge concrete, or earth and rock excavation
quantities are some of the quantities that can be best figured using the plans in
the office. Cross sections are typically prepared for earthwork calculations.
Concrete sheets or the bridge takeoff programs can be used to calculate and
separate concrete quantities.

Still a third way is to have the foremen measure and present quantity
information via their time sheets. Pipe Forman can measure the amount of pipe
they place each day and record the size and quantity on their daily time sheets.
The same goes for trucking load counts of excavation. The engineer can
predetermine the capacity of hauling units (be conservative) and the foreman
can have the loader operator count the number of loads each day. Although this
can be an effective way to keep track and record quantities, it must be realized
by the engineer that these may only be at best estimates, and that verification
must take place by field measurement and/or engineering calculations.

The most important quantities to track are quantities that will not be easily
measured at a later date. The linear foot of permanent fence can be checked
and validated at any time but temporary or buried elements can only be
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accessed while in use and exposed. Items like undercut excavation in a
roadway, where once the hole is dug, it must be measured accurately and
immediately, since chances are the stone delivery trucks are right

behind the excavator waiting to backfill the hole. Additional clearing ordered by
the Owner is another good example. Make sure the Foreman has a
representative of the Owner with him/her to verify the additional measurements
are approved to continue beyond original amount and that this additional
quantity is compensable.

Foremen’s daily time sheets and timecards are used by the Project’s Office
Manager to relate information about employee hours worked. Each foreman
reports the hours his crew works each day on a time sheet. It is the
responsibility of the foreman to separate the workers time into different cost
classifications and to show the units of work associated with the labor
descriptions. This is the method by which labor costs are separated so that
accurate costs and production can be determined.

The roles of cost engineering could be the subject of a future course, but the
topics overlap, so a brief summary of cost engineering is helpful in describing
the uses for a quantity book. It is the Cost Control Engineers responsibility to
ensure that these time sheets are being coded accurately. It is also their
responsibility to be sure the quantities are being reported AND recorded
accurately. This sometimes takes a little looking after. The foreman should be
told how the bid items of work have been broken down. However, it is better to
give them the descriptions of the work needed for reporting, so that this is
written on their timecards. This way the coding can be checked and if needed
corrected. With a description of the work, there is documentation as to what
each foreman did each day, as opposed to just a code number. If for any
reason that code is wrong, the costs will be wrong with very little chance of
being able to correct the error.

%+ The next sheet shows an example of a daily job information sheet. This
differs from a foreman’s timecard because it doesn’t show the labor and
equipment hours (the time portion of the timecard) but it provides quantity
information and other project related details for production and billing.
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Ex. 2.4 — Example Job Information Sheet

[ R JOB INFORMATION SHEET
[t 5 Tariract Admin \eein | ]
ol Musmnbar: 43407 Pro. MorecMars oo ~
Sob Mema: il e R, . Data: m:.&mnu
Cusloerer: )
Fied Conlsct iame: o L Jaib L Warous L R
Fleid Comtact Cet £
Dt A2EIZO2Y
BAMING )
Msasiurod Guanky: 80 (sv) Paving paid by? sy| - | ) | X Ls|
Esfmaled Cuaniy: (i) )
Aciusl Quanitye 10.2 ) Video pre-construction required? I F YES |Ei MNO .
Tans Owvarmue: .
i - Actual At
Fhage | Cost | Cont. Deseription Mix Caslgn Sontradl Budge | BID QiyDay | g, A= st
2000.51190 Equipment MOB/DEMDB ) - — 1 EA ) I R |
3217101 TRUCHING ASPHALT & MILLINGS 1 T
3211.7804 | » ' PATGH CREW (for Billable Rapalrs) - 1 HR
32112010 | » |ASPHALT MATERIAL USED I 1 TH 80.00 830
32147361 | e -‘I'M:Kcilﬂ'.' - 1 EA
32113083 | v |BOBCAT MILLING (IF NEEDED] . 1 EA
‘Confingency’ Tack used on base {report gallions and sy}
Lavaling [ Ovenman ™
' WASTE 4|
TOTAL DALY TONS| taa
MM 5 i Fa it ; wlﬂ + i1 . T . A 3 lqult‘:"uﬁ Tons
aEe 780 - qurs [ﬂ|“ m‘} - :
32117803 Repalrs (Non-Billable) (Roadway / Pawing Crew Issua) _ . . _-
A1, 7805 Repalrs (Non-Billatlo) (Plant lssue)
I211.7833 Warranty Repairs
1 azdigend Change OrdedExira Work not in Budgst
22947063 MOTAVeatherDotgys R _—
2198000 Final Cleanup . .
o e —— T
Suly Cemirazion e Gost Gods LI o] Seuane Yards Toma
coP . 3211.201 |Patch Work &0 &
- — ‘
AEBITRMAL KOTES:
. COP howrs d from 8:00 am - 12:00 pm
o Hand patch Work dong Far kegiunas o s e 2 A2 cu, | e DT el
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2.5 —How Do We Go About Keeping the Records?

Quantities are much better represented in column format. Typical headings
on top would be from left to right, date and description on the left, followed to
the right with location, daily quantity, accumulative quantity and notes or
comments. Adding on the top of the page things like cost reference numbers
such as cost code or sequence number is fine, but not really needed. It is
good to put the total contract bid quantity and the estimated quantity on top
for reference.

For smaller projects a columnar pad and clipboard might be sufficient for the
Quantity Book needs. For larger projects a paper version can be
cumbersome, and a digital Quantity Book may be more desirable. Digitally, it
can be a simple spreadsheet set up in Microsoft Excel or it can be a more
elaborate program purchased from an outside source. It is a relatively simple,
straightforward program. The creativity comes with what else you can do with
the information and how links can be created to produce other useful charts
and graphs.

Excel users can easily create a "Summary of Quantities " work sheet, where
total amounts from all individual sheet can be automatically linked for quick
and easy reference. These numbers can also produce weekly progress
reports and monthly payment requests with little effort.

Contractor record keeping is usually extensive and not limited to the owners
bid items. A single bid item from the owner can have multiple components of
work that the contractor may wish to track internally. In simplest breakdowns
Labor (manhours), Equipment (hours), Materials (and material yield factors
for waste), and Subcontractors all have significant aspects for each quantity
and should be tracked separately. Additionally, a single owner’s bid item
might be Structural Concrete Bridge Substructure by the CY, but the
contractor might break it down to: footings, abutment stems, abutment
wingwalls, abutment backwall, and pedestals. Each sub-item may be further
broken down to: formwork, reinforcing steel, concrete purchase, concrete
place, finish work, curing, etc...
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From this example, the owners track a single bid item for payment that has a
possible (144) different tracking items for the contractor. Since these
additional items are not necessary to the owner for payment, they are often
referred as "No-Pay" items. Just to clarify, the term "No-Pay" is to indicate
items of work required to be performed by the contractor that are not directly
paid for as a bid item. Other example: if subbase stone is paid by the ton in
place (TN), the contractor may also track: material delivered TN, place and
spread SY, compaction SY, and fine grading SY.

Why are these additional quantities tracked if not for pay? Cost engineers
use the data to forecast the project’s profitability and cash flow. Estimators
use the historic data to base their future bid prices to remain competitive and
profitable in their estimates. Operations managers use the production rates
to fine tune the crew and equipment allocation for better distribution of
company resources.

2.6 — Internal Uses of the Quantity Book

Quantity books do need to be set up in standard fashion. Item Number,
Description and unit of measure all need to be on each page. Daily accounts
of each item need to be made, along with a weekly accumulation so that
proper quantities can be entered into the system for production of weekly
costs. It is important that quantities correspond to the money spent each
week so that weekly unit cost prices are accurate.

* Production Rates of Major Items of Work:

It is important to record the production rates for the major items on projects.
Engineers needs to know if we are placing 300 CY of concrete per hour with a
specific plant and spread, or if it is only 200 CY per hour. This should be
compared to the estimated production rates at time of bid. Different things
affect production, some can be controlled, some cannot. If the production
rates are not meeting the estimated amounts, engineers need to understand
what the causes might be and account for them in their forecasts. Is there is a
problem that the owner should compensate them for? Are the crews trained
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properly? Is the weather impacting operations? Propper production
documentation can help identify causes through “what if scenarios”.

Production rates will impact the project positively and negatively and can
affect scheduling, safety, quality, and cost performance. Individual Production
reports should be kept for separate items of work. Pre-operations meetings
should be held with crews to discuss anticipated production expectations and
periodic update meetings should be held to evaluate progress.

e Records of Yield and Raw Material Deliveries:

A record of material deliveries should be kept. This is not only a function of
cost engineering but also scheduling and quality control. The documentation
should include the previously discussed columnar data but should also
include batch or certification numbers, information for inspection and quality
control acceptance, and if stockpiled for later use, notes about the storage
should be included. Some owners will pay for materials in storage as a partial
payment of the finished product. These quantities are tracked and paid as
they are acceptably placed in storage and then backed out of payment as
they are incorporated and paid in the finished product. This is helpful for
cashflow purposes and gives contractors an incentive to procure difficult and
long lead time items, so they are available when needed.

Some materials are closely manufactured to accurate tolerances so there is
no need to track excess waste material purchases. The only time these
material quantities would vary would be in the case of lost or damaged
product (which should be tracked separately to not impact the unit costs).

Other materials have yield factors that are affected by waste. If a subbase
item is paid by the ton (TN) for every ton delivered, then there is no factor and
no waste. If the same subbase is paid by the square yard (SY) at a neat
depth of 9” then every ton of stone placed outside of the “neat” pay limits is
wasteful. The estimators know that the stone cannot be placed perfectly, and
they account for this waste in a TN/SY factor that might be expressed as a %
waste. There are many circumstances that can affect the yield factor when
compared to the estimate (if the material weighs significantly different than
anticipated then there would be a higher or lower tons purchased per SY).
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Sloppy work is the biggest reason for pour yields and is easily
controlled/corrected. The engineer should alert the project team if they
suspect this is the cause for losses due to material purchases.

3.1 — Summary Outline and Quantity Book Workflow

Quantity Tracking Purpose: weekly input and review of quantities used to
support project projections, monthly pay requisitions, subcontractor payments,
production history, project performance metrics and an accurate Work in
Progress (WIP) financial statement for the company.

Departmental responsibilities:
A. ESTIMATING —responsible for the original estimate and bid

guantities with corresponding units of measure.

B. COST MANAGEMENT - act as support to the project management
team with analysis work.

C. PROJECT MANAGEMENT - responsible for the following:

a. The project Foremen and Superintendents are consistently
entering accurate daily quantities on time sheets (digital or
paper versions).

b. Weekly validation of cost quantities as follows (Note, the actual
guantities should always be entered regardless of the budgeted
guantities):

I. Direct Self Perform Activities - Review of the foreman’s
quantities against the engineer’'s measurements.
Ii. Subcontract activities — Based on the Field Engineer’s
daily records.
li. Indirect activities - Based on the engineer's weekly
estimate.
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Iv. Other Quantities — All other quantities not noted above
should be progressed at least monthly to support
accurate monthly projections.

c. Utilize production reports to identify areas of concern and
opportunities for improved performance.
d. Export of quantities into the cost management system.

Ex. 3.1 — Example Quantity Book Workflow Diagram

Daily
Claim Foreman
Quantities Daily reviews
on the Time production
Card analysis report
Weekly
Field Project Team Quantities HJ Quantities
verification of review weekly adjusted for the loaded into
quantities production week as Vista
reportsin HJ appropriate
Monthly
All Quantities
updated in
Heavy Job
Pay app Pay Quantities
completed verified with JC
Progress vs.
Billed Report
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3.2 — Quantity Book Workflow

1 Daily

1. Time sheets are completed daily. This includes the claiming of quantities for
work completed that day. This also includes providing notes under the cost
code and providing details on the quantity claimed for the day. Field Engineers
complete field measurements and plan calculations for work performed.

2. Superintendent(s) and Field Engineer(s) review the time sheet using a
Production Analysis Report. This will provide insight to any cost codes where
quantities were accidently missed or overclaimed. The foreman can then adjust
any quantities prior to submitting the time sheet.

L0 Weekly

1. Field Engineer(s) reviews the claimed quantities on a weekly basis. The best
day to do this is Monday after all time sheets have been submitted for the week.
There are usually several different reports for the project team to utilize for this
review. Some of the most common reports used are Labor Hours Review,
Labor/Equipment Analysis & Chart/Graph — Productivity and Unit Cost.

2. Quantities are adjusted based upon the review of the weeks progress and any
field verification of quantities that took place. The quantity adjustments should
be dated the last day of the week for which the adjustments are for.

3. Quantities are uploaded to Cost Control System by the Office Engineer on a
weekly basis.

L]  Monthly

1. At the end of the month the Project Engineer reviews the quantities with the
Field Engineer(s) for cost codes and adjusted with an entry dated for the last
day of the month.

L1 Monthly (Pay Quantities)

1. The Project Engineer should verify the pay quantities against the claimed
quantities in the quantity book. This report should be reviewed monthly for
discrepancies between the claimed progress quantities and the billed/approved
quantities to the owner.

s The next page shows a typical Monthly Pay Request to an owner.
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ESTIMATE APPROVAL SHEET _
From Date:  1AS2021
T Dhate: TR P — e
Application £ z
Customer Reference:

To:

Contmct: 43588, Cold in Place Y'i5-123AM Optien Year 1
Paving Ferfermed 118,

Envoice Doe Dote: H262321
Paymont Terms: Not 30 days

et Uit Cestrast Sty CQuasthy Caspatity Amoust Ayl Aemsunt Budget Estimas Job Te Dade
RS Decoistion Csandity UM Price Amount Frevica This Pasicd 11 Frwrcas This Periad fip] Tons Tows Tons
10 MobEzation 12.008 EA, 150050 3500000 1.00 LT 1000 3.500.00 [TT] 2500.00 o.og Do 0.00
120 Maintenance of Traflo 10000 DAY 1.700.00 51,000.00 5.00 ., 000 8000 8.500.00 0.00 BSO000 0.00 0.00 0.00
130 OF Duty Pelice. 0000 MR Ta.00 o000 1< L] BO0Y 0.00 LEL (44 0,00 0ne 0.50
140 Waewurm Brosem - i Neoded 130,000 MR 13600 12.900.00 oo 200 LT .00 .00 .08 oo 0.0 0.03
180 Asphall Pawing, 1.5 (1 UM SP125C 100SEEL00D SY a2 225.000.00 ouos oo o0 oG8 &m 080 9,000.00 [kE 000
160 Asphait Pavdng, 2 (1 LIy SP 12.5C TEARE000 5Y 125 MATEANE 7140500 Fr- TIAMIOD 80330825 000 BULI0E2E 8,625.00 oo B.211.58
161 Addi Paving Ropairs for Orange County 454,00 5Y Has STE 454,00 il 434000 510750 1] 504750 SO0 L] S2.00
152 Half Day MCT - OC Repairs 500 DAY 1,700.00 250,08 50 0.40 as00 £50.00 1] 5000 000 .00 0.00
Tt for s 520752 E21.263.78 800 LHE ] a.e3 B8,283.58
Teital Biflesd T Dates B LTS CurranyThis Extimste To Date
Less Rotalnage: @on Estimate Tamsy LU BE3.EN
Less Previoos Appiicaiions: TS Plant Tons IITEET 11,585,585
Toksl Due This lmrsice: (2] OVER/UNDER IATRAET 3,326.01

R
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Digital Quantity Books

WO A WL TN SEFLACENONT OF OO

< The next pages are copied and pasted from a leading digital quantity
book instructional manual. They did not copy & paste very well but
that is not the intent of their inclusion. Hopefully they are clear
enough to show that drop down menus, windows, and auto-fill areas
are available that make these tools user friendly and easy to
navigate. Also included are pages showing production reviews and
“what if” scenarios.
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Ex. 3.3 — Example Digital Quantity Book Manual Excerpts
Entering Quantities

Entering Quantities and Notes for work completed TODAY is simple. There are two ways to
accomplish this.

1. The first option is the easiest:

[ CodCodm iS00k [eo8oom [en.ea40 _ferission " lswamon ‘_'
Descption s_asn&mszaqsansun)&mnuw ]ﬁnmg_o'-:d_ 13 HOG Shesi Conds

' """'h.r ; 1s0isy & ]sv f""— ’}u

] &m‘_’_’_ T Mole® o __Eni_“ _ﬂm B S

In the Production Quantity yellow boxes, enter the TODAY's production quantities for each
Cost Code. Take into consideration what type of quantity the particular Cost Code is looking for.
(e.g., LF, SY, SF, EA, etc...) Use the ENTER key on your keyboard to move from one yellow box to

another.
“CodCodes | /GR10K 60828004 61122000 Tsnssice [e143nm
T Descrighon (9350 BR: PrecCops | Sprap Siane Skowan |B Standove d Tost {Funinad Bomd |3 HOG Siee|Condi
T e T B 2 D Y B T S
ot (B vt e 200 N B 205 [l > S s St N
| e Production Quantity Shortaut Screen for BECKWITH) on 07/09/2013. B
: CostCode  53213000K ! 600 260004 {611 82060 CESsie  eaane ) |
2 Descrphon 3356 BR Preo Copi | |Spraw Siane Sioman | Bt Stendope & Teiti Funnnuéo-d F'HDG Steel Condu
| Busgm/Um [ 2WLF L esy ) V][ ®iF]
| Oioneay 0 ]| I 7 | P
il

ToDate Q. s %0 0N 0 0

k Tod Qi T _",;'_ ml'

f H { i""z
butions are sharicuts More2, More3. '%m RS T
Tc:mzm;:nsmﬁm additianal vae 223 ) TODAY m.a{
odes

am [ o2 Jond | cred | At | Scnetes | _e,q..:’
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Productivity Analysis with the Production Planner
Foremen and superintendents must check productivity at the end of each shift after the hours
and guantities have been entered. The Production Planner helps you determine the most
cost-effective crew for the woark to be done.

You can create simple ‘what-if’ scenarios for a single cost code that is running over budget and
will potentially have its crew make-up changed. Alternatively, you can create a full production
plan that outlines resources and production needs for up to 25 cost codes over the next several
weeks. Experiment with different crews, and the Production Planner will show you their expected
costs, allowing you to compare it to:

# your budget from Cost Code Setup
# the forecasted remaining cost
¥ aunit cost that you enter in the planner itself

To begin, click on the Production Planner button located at the bottom menu of the Time Card

section:
[T AR B
\_.,; i e § iRt s | I
Diary Al Il @] lrmn
L ¢ instalt | omhes | | Anclpais
» Th Pla n is di
B | Wt (1 Tme Cara gt SaiiSun-Otnar » 1 Analend | 48 Retrrove Fires {ggloped Tan sbsntin QO O Q S0 X B e Cos g 1 P
?on-'.amrr_-a.‘ thzlanamw X Carylrsy X The OTY 15 40 CY ard x!
X & S e/ E - Jis 543 1% The crew was 546 1% efficient because the i
PunDds S0 [ Foan BECOMTHY St W Beoodn Lt 890/ expecte cost was $2664 32 and the acual cost vas :
Mo Adat { Ade | Asi | asin $467.06 ( $2564.32 / $467 86 = 548 1% )

| ConCoss | 22310004 (4% 30000 | A [FaFamToecas | |
Descigtin.  Fpbandonsdpe 20°P ok ol Tk | Moo E1os Sl 1 ) = ] & ;
Preduetion Ouseilye  TUIE ) - ’""—w::—-?_i_—* gl — o q
EMcorey -— ¢ -T«; =g 2| R . = ! _ ‘1'
" ola [ - (_Helo _ T 1
| Eepe ) Nee Pay Gl ) FonDay " HoauDy WowilOw  HouuDay (™ = . 8
ASBOTIK e 3 2 H) q
ALURENM 800 2 2 8 t
ALES 3 2 8 ]
’ |
- = : T T = — I
P T T Epeaea [T TRIGHEE 8 i ) L) Pintide | |l
e Wt [HEN, % sng i a0 el
Tmm“nmmmam\ [ Ookcen '

of 32 096 46 less than budgel Vaixge 20645 Pao 288 9 0oy
= i N g&mmhw Ciae il
— BT —r _ ——ew -

The Production Planner compares the actual costs and quantities with the budget and allows
“what if” scenarios for examining potential changes to the crew or quantity. Here, in the image
above, it can be seen that this crew performed $2,096.46 better than the budget.
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A Production Planner “What If” scenario

“Camto | 230004 eMER2A e4saoc i =
Descripliont FllAberdoned Pipe 24" Plasic Pipe - Trunk _ Misc Evos Stone
Production Quantity: 0 oY Vm!n_i.LF_-J 00 N | o/ [ 0
Eficiency Peicenage: Xk L . B
% ; L Moe | 2 _tow ) [ b ) [ N |
Pay Cis/tt > Hous/Dap Hows/Day Hows/Day Hows/Day House/Day
32780 3 3 j 2
6300 3 3 2 Two employees for 3 man hours each
3 3 2 instalfing Plastic Pipe with an Efficiency %
of 93 4% gives us a Vanance of 530 88
Emccied 2542 BB s s T U000
Lab and Eqp | 3467.86 $467.86 I $000 3000
Vadance: $2.096 46 $3088 $33893 $0.00
Plan Vaiience: 9«‘5‘5‘
TR e —
Desception. Fil Abandoned Ppe 24“Phaichf-Trut |Misc Eros Stone I - :
wiwy | ol | 0 ;
s = b
{_oe__| {_ Noe {__Nots__
Hows/Day T o
“What If* we reduce the man in half for
the two employees and charge it 1o another
Phase? Looks like we™ get an increase in the
budget Vanance of $177.10
Expected. L TE- T X 1) “grioss | $0.00 400 |
Lab :nd Eqp: 346788 30T} sna ... .. %
i
* Vaionce $2.0%.45 $1622 FEES $000 $0.00
I —

In the example above, if we have two Team Members installing 24” Plastic Pipe on a particular
day for 3 man hours each (2 men x 3 hours each). It looks as though we’ll have a deficit budget

Variance of -530.88, Not good.
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4.1 - Conclusion

Documentation control must be a high priority on all projects.
argumentatively, more money can be lost by sloppy or inaccurate
document control than just about any other function of an engineer on a
construction project.

One thing that many times gets overlooked is taking the time to look at the
reasonableness of what you are doing and what you have written down. If
you take the time to look at quantities, and think about what they are
representing, we can catch a lot of errors before they get out to everyone
else. It is highly unlikely that we could perform 25,000 SY of stone
placement in a week if the absolute maximum daily production is 3,000 SY.

It is better to have more records than you need, than not enough. The
same rules apply to documentation control as to quantity books, there is
no sense spending a lot of time recording information if it isn't recorded
legibly enough to be read.

Be neat, be organized, and be accurate.
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