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ABSTRACT

Keeping pace with recent advances in construction technology is a challenge
for the cost estimating engineer. Using an estimating style that simulates
the actual construction process and is similar 1n'sty1e to the contractor’s
estimate will give a realistic view of underground construction costs.

For a contractor-style estimate, a mining method is chosen; labor crews,
plant and equipment are selected, and advance rates are calculated for the
various phases of work which are used to determine the length of time neces-
sary to complete each phase of work. The durations are multiplied by the
cost for labor and equipment per unit of time and, along with the costs for
materials and supplies, combine to complete the estimate. Variations in ad-
vance rates, ground support, labor crew size, or other areas are more easily
analyzed for their overall effect on the cost and schedule of a project.

TUNNEL CONSTRUCTION COST ESTIMATING

Modern tunneling methods are changing and improving rapidly. The innovations
made in excavation machinery, i.e., tunnel boring machines (TBMs), and sup-
port systems, i.e., the New Austrian Tunnel Method (NATM) have revolutionized
the industry in the last 20 years at a rate which is more rapid today than at
any time in history. Creating a tunnel cost estimate that is current with
the latest tunneling technology is a challenge that has to be met in the most
realistic way available to the cost estimating engineer. The estimating
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style needs to be as current as the tunneling method to be employed. This
article describes a method similar to the procedure used by the tunnel con-
tractor during the bidding phase of a project.

ESTIMATE TYPES

Estimating the cost of tunnel construction has traditionally been accomp-
lished by one of two methods. The estimator may take the unit costs of pay
items from previous contracts. He may expand or contract them in relation to
the size of the current tunnel diameter and other geometric conditions. He
should escalate the costs from the time of the previous construction to the
time the planned construction. He may also have to make allowances for geo-
technical conditions which are different from those which were encountered in
the previous project. ‘

This style of construction cost estimating is often employed by engineers.
The accuracy of the estimate depends on the size and age of the available
data base. This style does little to recognize the constant advances in

modern tunneling or how changing conditions underground affect the cost of
tunneling.

Another method the estimator may use is to break down the various elements of
work into labor, equipment, materials, overhead, and profit. Each phase of
the work effort is estimated in detail by determining the labor, equipment,
materials, and time required to complete that phase. In this way, effects of
changes in ground conditions, materials, quantitieﬁ, and work methods are
more realistically evaluated. -

This style of construction cost estimating is most often employed by con-
tractors. The accuracy of the estimate depends on the knowledge of the
estimator and his construction experience. This style allows new methods and
equipment to be incorporated into the process. The major divisions in a
typical format are described below.
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Basic Data

At the beginning of the estimate, the basic data used in all subsequent cal-
culations is listed. This includes dimensions, assumed support methods, cal-
culations of production rates and wage rates for the labor crafts.

Plant and Equipment

In this division, the costs for all facilities without a salvage value (site
grading, roads, water treatment ponds) necessary to construct the project as
well as materials and equipment which do have a salvage value (TBM, mucking
system, miscellaneous shops and tools) are listed.

Direct Cost ,
The cost of direct labor, supplies, permanent materials, and subcontract
items are calculated for the shafts, starter tunnel, main tunnel, and all
concrete work.

irect
This is a summary of project supervision, home office overhead, insurance,

taxes, and all other costs not directly connected to any of the contract pay
items. '

Figure 1 is a flow chart for the methodology of a "contractor-style”
estimate.

CREATING THE ESTIMATE

Each of the fol]owing'tasks is interrelated with the other tasks, and the
estimator continues to review decisions made in previous tasks as the esti-
mate proceeds. The job layout has to be studied for all conditions which
will have an effect on the work. This includes access to the job site, re-
strictions on working hours if the job site is in a city, weather patterns,
and the availability of labor forces. Any special requirements set by the
client must also be noted, such as completion time, portions of the job set
for early beneficial occupancy, or owner-furnished equipment which is to be
installed by the contractor.
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The wage rates for the labor force and the working rules which will be in
effect for the life of the project must also be determined. This information
includes overtime rates, fringe benefits, workers’ compensation, public lia-
bility and property damage insurance; federal, state and local taxes; and
subsistence and travel pay. Local labor union offices are a good source for
this information.

A geological review must be made which will be the controlling factor for
estimating the daily progress once the mining is underway. A1l underground
conditions which can be determined from subsurface exploration must be noted.
The nature of the material to be removed has an effect on all construction
operations, including excavation, muck handling, temporary or permanent
support, and handling of water. The pace at which each of these operations
takes place determines the overall progress and cost of the job.

A contractor-style estimate for a tunnel in Taylor Marl was selected as the
example for this article. The mining method uses a Tunnel Boring Machine
(TBM) equipped with tooth cutters. Segmental precast concrete liners with a
flat invert section are used for initial support and need not be augmented
for final lining.

The project includes a shaft at the starting point of the tunnel, and a 91-m-
long "starter tunnel® in which the TBM and its trailing gear are assembled
prior to the start of tunnel excavation. It is assumed that a second shaft
has been constructed by others at the end of the project. When the TBM rea-
ches this shaft, it is disassembled and removed through this shaft. The
tunnel is then ready for construction of the final concrete floor.

SELECTING PLANT AND EQUIPMENT
Once the plans have been studied and the mining method is chosen, the plant

and equipment can be selected. In this example, all .new plant and equipment
are assumed; however, in reality, a mix of new equipment and used equipment
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from the contractors’ yard will probably be selected. Included in plant and
equipment are the general allowances for setting up the shops and offices,
site grading, water treatment, etc.

ESTIMATING ADVANCE RATES

Estimating advance rates is one of the most important steps in contractor-
style estimating. Here the estimator identifies the items of work appropriate
to the planned construction method and estimates the time to complete each of
them. During this process the estimator must also recognize and estimate any
feature of the construction process which will delay the work.

Shaft and Starter Tunnel Excavation

The details of estimating the advance rates for the shaft and starter tunnel
are shown in Figures 2 and 3. A detailed description of these estimates has
been omitted from this paper for the sake of brevity, however, they are simi-
lar to the various steps described for the TBM tunnel.

TBM Tunnel
For tunnel excavation, everything which affects the progress of the excava-
tion process must be identified (see Figure 4).

When a TBM is used, the instantaneous penetration rate must be estimated for
each type of ground to be excavated (see Figure 5). These rates, in meters
per hour, divided into the respective lengths of ground, determine the length
of excavation time for the TBM.

The TBM operates on a 1.2-m-long stroke. At the end of each stroke, the
cutter wheel is stopped and the hydraulic shove jacks which propel the TBM
forward are retracted to begin the next "shove.® This is called the regrip
time and it is calculated for the length of the project.

If temporary support for the rock is required, installation time must also be

totaled. This estimate uses a precast concrete segmental 1ining which serves
as both the initial temporary support and the final lining.
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4. ROCK-UNSUPPORTED (DEPTN / PROGRESS/DAY) .. ¢ DAYS L. JWSTALL ROCKBOLTS & SNOTCRETE 4“0 (X ]
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FIGURE 2. ACCESS SHAFT DATA
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& MOBILIIATION ..cocovennninnnnniinnen 2 pAYS 8. CYCLE TIME 1MINVIES) IS 3 R00%- /e
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- TOIML CYCLE TIME (nOuRS) 10.9 [ LX) [X )
> CYCLES/22.5 Wh DAY 2.4 ER ] 3.9
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FIGURE 3. STARTER TUNNEL DATA
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Mgty MINER  PRODUCTION wANTITY OTNER  PRODUCTION

1. 10N EXCAVATION {TuMNEL LENGTN/ 12, WATTING FOR TRATNS (WUCKBOUND)
INSTANTANEQUS PENETRATION RATE) : 1642 (20 OF PRODUCTION TINE) A

2. Tom STRBRE LEMGTN : {(LF/STRORE) 4 13, LUNCH: (30 MIN/SHIFY) X (16
SRIFIS/MEER) X (DURATION-UEEKS) n
3. REGRIP = TumMEL LENGTH / STROKE L
LENGTR X 2 NIN/STROKE / 60 AlN/MR . 0 158 142

4. ALLOWANCE FOR UNFAYORADLE GROUND CONDITIONS: TON MVATLABILITY =(TOTAL MOURS - (5) NOURS) / TOTAL NORAS : "
22.5 WOURS / 1,000 L.F. : 563
TON VTILLIATION RATE = PRODUCTION / TOTAL BouRS : m
S. INSTALL PRECAST LINGR ANO PEA GRAVEL:
TOMMEL LENGTN / 4 LE/RING @ 11 MIN/RING : (1)

6. DD VENT LInE:
TUMREL LENGTR 7 30 FI/NOVE X
10 RIN/ROVE / ¢4 A1N/MR : 13

1. MAIN PONER:
4. TURBEL LENCTN / 1,000 FT/
CABLE/MOVE X ¢ NRS/NMOYE : 100
b. OUTAGES: | EACK 26 WEEKS FOR O MRS : 16

8. CUTTERS:
&. ADOITIONAL TINE REQUIRED T0 CMAGE
CUTIERS 1See calculstion adjocont) : s [}
b. INSPECT 10 MIN/SHIFT X i8¢
SHITIS/WEER X DURATION (WEERS) /

o N/ [} %
¢. NISC CUTTER CWANGES: ) /MEEK X
1.0 WRS/CNANGE X DURATION (MEERS) = is) 1)

9. MAINTENARCE ANO REPAIRS:
8. ROUTINE MAINTENANCE:

(2.0 MRS Ok TUE-FRI) ¢ (1.5 M0S On 3AT) 0] 3

b. OTNER: (DERALL, ETC.): 2 m/MEL »
10, START-UP: 2 WORKMEERS - %
1. WOISTING BELAY: 2 MR/MELK ]

FIGURE 4. CALCULATION OF TBM UTILIZATION RATE
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After the 1.2-m-long segmental ring has been erected and fastened to the pre-
viously installed lining, the shove jacks are brought to bear against the
lining and the next round of excavation begins.

As the excavation progresses, the utilities (electricity, compressed air,
water, pump discharge), ventilation duct work, fans, and rails must be ex-
tended. Some of this work can be done concurrently with the excavation. The
time it takes to accomplish the remainder is totaled for the length of the
tunnel. '

A1l maintenance time on the TBM must be estimated. Current practice is to
spend one-half of the day shift the last four days of the week and one full
shift on Saturday for preventative maintenance, repairs, and cutter changes.
Additional time during the remainder of the work week is also allowed for
inspecting the cutters and unscheduled TBM maintenance and repairs. '

The muck handling cycle must be closely analyzed. Whenever the TBM is exca-
vating, muck must be loaded into a muck handling system which is capable of
receiving the muck as fast as it is being excavated. Whenever the muck hand-
ling system is incapable of receiving the muck, the excavating system becomes
"muckbound” and the TBM is prevented from excavating. In the case of a rail
muck handling system, being muckbound can be caused by an insufficient num-
ber of trains to complete the load-haul-dump-return cycle in time to keep a
continuous supply of empty muck cars behind the TBM, equipment breakdowns,
and derailments. This total amount of time must be estimated for the entire
length of the project.

~Any special geotechnical problems which are not accounted for in the regular
computation of mining time should also be totaled. In this case, an allow-
ance of one lost day per 300 m of tunnel was provided because of the lack of
more complete data from subsurface investigations.

When a tunnel project is started there is a certain amount of time which is
spent learning the whole excavation-mucking-support system. The inefficiency
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of this start-up period must be accounted for. For this example, the crews
will average only 50% efficiency in the first month. A start-up time of two
weeks is used as time lost from production.

The time allowed for lunch on each.shift is also calculated for the life of
the project.

The excavation time for the TBM divided by the grand total of all excavation
time plus non-production time gives the percentage of time that the TBM is
working, or its "efficiency.” The efficiency multiplied by the instantaneous
penetration rate of the TBM multiplied by number of hours worked per week
divided by the number of days per week which were spent excavating with the
TBM equals the average daily progress for the TBM. The estimator should com-
pare his calculated daily advance rate with similar-sized tunnels in similar
types of ground for reasonable agreement and revise the assumptions if neces-
sary.

The average daily advance rate divided into the length of tunnel to be mined
gives the total length of time for direct excavation costs.

TUNNEL INTERIOR CONCRETE

The interior concrete is subdivided into six sections: (1) removal of the
vent line, (2) initial cleanup, (3) pouring an invert in the tunnel, (4)
pouring the floors of the hand-mined tunnels, (5) grouting the pea gravel

installed between the segmental liner and the excavated ground, and (6) the
final cleanup.

The progress rate for each of these items of work is based on past experience
rather than on a detailed examination of the individual subdivisions since
the work is relatively uniform from job to job.

Some phases of the concrete work overlap, resulting in a reduction of the

total overall time used for maintenance and outside support costs. A sched-
ule of the interior concrete work is shown in Figure 6.
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CALCULATING DIRECT COSTS

A crew is required for each underground task identified previously in deter-
mining advance rates. In addition, an outside support crew is also required
to provide necessary support services such as mechanical and electrical main-
tenance, crane or hoist operation, and muck handling. The cost of wages and
fringe benefits for the crews is totaled to establish the daily cost of
direct labor (see Figures 7 and 8).

Next, the equipment to be used by both the underground and outside support
crews is identified and this daily operational cost is totaled (see Figure
9).

Then, any routinely reoccurring miscellaneous costs are calculated, such as
power, shop supplies, temporary support materials, and maintenance overtime.
These can be calculated as a daily cost, a unit cost per lineal foot of work
performed, or as a lump sum or subcontract price (see Figures 10 and 11).

The total direct costs for tunneling are summarized in Figure 12.

Direct Concrete Costs

The direct costs for the concrete operations are derived similarly to the
direct tunneling costs. A discussion of these details has been omitted for
the sake of brevity.

INDIRECT COSTS

The indirect crew consists of the project manager and his staff of supervi-
sors and administrative personnel. Their salaries, taxes, and profit sharing
are calculated as indirect labor costs.

General expenses are also part of the indirect costs and consist of monthly
expenses such as office utilities and supplies as well as special consultant
fees, the main office charges for support of the project, and other fees
incurred by the project.

DS0449014 _ 14 Scapuzzi



S106¢%0SQ

61

1zzndeoss

WITH PRECAST L1NER

12°10 Ton TumEL

SUIFTER (mi/oar)
nineas {m/oar)
(1) noTORNEN (mi/oav)
(2) CALIF SHITCW QPERATOR  (W/0AY)
Ton OPERATOR (m/0aY)
CORVEYOR OPERATOR (m/oav)
RECAMIC (LI
CuaTinan (m/0AY)
TNSTAUNENT Wt (/oAy}

SUBTOTAL: NEADING CREM

3%
by 1)
3.4 KR
uemn
3
LR L]
5
| My
| M

SULL ARG (1 SNIFT PER DAY, O NOURS PER SNIFT)

i mroa)
LARORLRS (M/0AY)
SUBTOTAL: BULL GAK

SUBTOTAL: URDERGROUND CREW
SUBSISTERCE

SMALL T0OLS. SAFETY, RUBSER, £TC.

[
§ N

&

TOTAL OAILY DIRECT LAMOR FOR VNOEAGROUND CALM

AV, COST / MAMOWR

e.1

u

]
a2
9.2

..

(1) USE MK AVERAGE OF 1.8 MOTORMEN PER SNIFT OVER THE LENGTN OF THE )00
(2) USE A8 AVENAGE OF 0.0 OPERATONS PER SNIFT OVER THE LENGTN OF TNE J00

FIGURE 7.

Lason

6.6
8.3
n.u
5.0
$ie%
§15.90
308.%
.n
n.n

$11.3
810,41

LAOR & EQUIPHERT COMTIRACTOR'S
SURDEN USAGE MATERIML  COUIPNENT W 4P L1113
"wn " .8 L] 20 (33,
8343 " ] [ ] un 4549
151 L] ] ] 4375 %
3 L] 0 L J "ns2 s
485 L] L] » " )
(311 " 0 L) 1% 1569
55 L] ] " °un $683
813 L] » » " 7]
313 L] " “ s 920
6, ] ] ] $1,692 85,004
"l " » " [ 4] 5
8288 L] ] L] un 3
L3 " ] L] un L]
8.7 L] ] ] $1,045 $5,5%
L ) ® ] ] ] ]
L » " L] L] (3]

DIRECT DAILY COSTS - TBM TUNNEL (UNDERGROUND CREW)




9106¢¥+0S0

91

S

tzznded

Mel 0
L1 12°70 Ton TomeeL ”-Fob-%
SSC PROJECT [LH A ]
MOCK WNIT COST WODEL MITN PRECAST LInR RARL (TEXAS) 1900 DALLAS DOLLARS 0. scarulll
EIrNENT conTaacion’s
USAGE MTERIM  EQUIMNERT w4 i
NECHARTC FOREMAR (W/0AY) 1 [} $ 2 31 ] ] L] | 3 8201
RECNANICS (/oaY) « ] i s " " » L 8264 M
ELECTRICAL FORERM 1e/0AY) 1w ] I s un " L " e (1]
ELECTRICIM (/oAy} § MR s n e 9% ] " ] un §1,44
LOADER GPERATOR (m/0AY) L s [ I TE N H L1} » ] ] % el
100 & BOTTON nab {m/ony) (3 U} ] L] ".52 usy L] L] ® §un )
CRAN GPERATOR {m/oaY) 3 ] u s 38 » ] " il 954
CRABE SILER (m/0a1) 1 [} u s 33 ] ] L] L] 354
LABORERS tm/0av) (Y 1] [} L] 9.9 us? L] L] L] " ()
TOOL ROOW ATTENOMNT  (M/DAY) 1 [} ] $0.92 (13 L] ] ] " LT
SURTOTAL: OUTSIOE SUPPORT CREN b 1] wm 8.0 " " ] 6, 85,60
SUBSISTENCE o R 1] 0.0 " L] ] ® " »
SAALL TOOLS, SAFETY, RUBSER, fIC. X 1] $13.00 [} ] ] nwn L L] an
TOTML GAILY DERECT LABOR FOR QUTSIDE SUPPORT CHEW | 43,208 " wn L] LI 86,088
AVG. COST / madun 86.32

FIGURE 8. DIRECT DAILY COSTS - TBM TUNNEL (OUTSIDE SUPPORT CREW)
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- TOTAL LA LMOR S EQUIMMENT conRACTON’S

MATERIAL  EQUIPNENT mee

LOCOMOTIVES: AVG § X SNIFIS X ¥A/SH 4 m §15.% ] " %15 0 L] L] [ 31
WCK CARS: AV § X SHIFTS X WR/SH m e [} " 19554 L] 0 s 23]
ALL OTNER CARS Iy 8540 [} ] " " L] ] 12
CALIFORNIA SHITCH: AVS 9 X [0 MR/0AY (N $135.00 ] ] M L) ] » 1M
FARS: AV 0 X SHIFTS X ma/SH 15% m (19 ] ¢ L] L2 ) L] L] ® 203
rumrs M $32.0 ] L] 32 " L] L] m
NISC. (ALLOWANCE) (N4 1.0 ’ ] e ® " " §ue
SUDTOTAL : UMDEAGROUND EQuiPmENT [} » 81,689 " " ] 0,649
.32 OUISIOE EQuIPnENT
100 Tow CRARE nm $43.00 L L Lyl L] L] L] "
CONPRESSORS {2 €M) 10 m 0o [} 80 L] L] ] ® L]
nwes 1t $32.00 [} 0 1] 8 ] ] 832
LOADER e 2.8 [} " ne2 L] ] L] e
NYDROCRANE - $21.00 [} " [ » ] % "
FLATOED TRUCK ‘n $1.0 ] L] “w ] s ] [ ]
SNOP L NISCELLAREQUS 1 1215.00 [} » s [ " 80 s
ELEvATOR (X ] 5.9 [} ] 3 L] 0 » "
SUBTOTAL: OUTSIDE EQuIPNEN) . " $1.410 ® " L 11,4

6.33 TUNMEL DORING MaCInE

4. OPERATION: BARK CXCAVATION X )
AVERAGE DAILY ADvARCE 652.00 CY 7w (] ] $1.4% [} L] ] §1.4%
b. CUTTERS: (ALLOWMCE)
$100.00 ] » e L] ] ] Ll

c. TRAILING GEAR: 22.3 uR/DAY X
VTILIZATION RATE - S.6m $23.00 [] 0 {113 " " "

SWTOTAL: TR ] ] $1.45% " L] ]

FIGURE 9. EQUIPMENT DAILY OPERATING COSTS - TBM TUNNEL
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6.40 DIRECT MISCELLAXEOUS COSTS - TON TUNMEL

6.4) ASSEMOLE & DISASSEMOLE TN &
TRAILIN GEMR:
4. LABOR: 12 MER/SNIFT 70 SIFTS “ 6120 sl 810809 " ] L] 54,39 $163,19
(40 SUIFTS T0 ASSENSLE)
(30 SNIFTS T0 OISASSEMMLE )

b. LQUIPMENT VSEAGE & PONER: $4600.90 [} ] 82,00 L] " ] §42,000

©. SUPPLIES, ToaLs, (C). 400.00 ' ] [ . X " L $42,000

SUBTOTAL: ASSEMBLY AND DISASSEMOLY (R} ] $108,70) 42,000 842,000 " §54,39% $202,1%%
6.42 WCT DISPOSAL: (WUCK VOLUME .

W/SHELL) X (TUWNEL LENGTN) 204,000 CY 5.0 [} 0 51,00,00 ] L J 0 81,020,000
6.43 MAINTENANCE OVERTINE (SATURDAYS BMLY):

4. LABOR: 12 NER X DURATION (WEEKS) 15 SKIFTS % 3.0 Lr 0%, I R " " L L N $122,3%

b. PONER: 10,000 LIM/DAT X $0.00/Kim 35 v $000.00 ’ ] 20,000 ] " " $28.008

€. SUPPLIES, Toms, ETC. 35 rs 6700.09 L ] [ I R » ] §24,500

SUBTOTAL: MAINTEMANCE OVERTINE ) 1, 401,5% 20,000 124,50 0 Mm $14.0%
6.44 PRECAST CONCRETE LINER 25,000 LF $300.00 [} " 0 $7,50,000 ”» 0 $7,500,000

FIGURE 10. DIRECT MISCELLANEOUS COSTS - TBM TUNNEL
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BURDEN [ SATERIAL  EQUIPMENT

(S$1LF) (S/LF) ($/LF) {$LF) (WNF) (OLF)
SKOP & ELECTRICAL SuemiLlEs
(S600/0AY) / (PROGRESS/0AT) 1LF L) s 0.0 ".n “u .00 $0.00 .
NISC. SUPPLIES, MOSE, €1C. [Ny 9.0 ] $0.00 9.0 $25.00 .00 “w.n §25.00
PEA GAAVEL 0.128 CY/UF 5.9 [] $0.90 0.0 5. 0o 0.0 n.n
[ {}
To8: W X AVAILMILITY 8 = (]
CONPRESSORS: § X W0 X 20 : nw
Fans: v o X 0 : 0w
SUBTOTAL HORSEPOUER W w
WX 76X 24 MRIDAY |
6.0 PONER FACTOR 16.640 Kt
LIGNTS: 2000 @ 43X AVG LENGTN : 1,500 i
PuS, S0P, f1C.: 3.000 £
SAILY TOIAL 2,140
(KM/DAY X 30.08/1) / 1\ . ] $0.00 0.0 3. 4°0.00 0.0 L 13184
AVERAGE DAILY ADVANCE
THIAL WISC. SuerLiES [} 0. 0n.e 4.3 0.0 $0.00 .y

FIGURE 11. DIRECT MISCELLANEOUS SUPPLIES - TBM TUNNEL
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ACCoUT wa (L M0 s EwimmRT CONTRACTOR'S

(11 SURNEN USAGE MTEAIAL  EOUIPRENT

6.60 DIRECT COST SummaRY - TON Tummél

6.41 ASSEMLE & DISASSENMLE T8N 0 MIFIS » HH.0 4.0 6720 1Y uNM $42,000 142,00 L B R 241,198

& TAAILING GEMR .
6.0 8 6.31 EXCAVATION AT WEADING 177 aTS 204 81.00.00 3. “w.n 81619 $660,24) 1295,483 6,29 0 BRI 81,352,
6.20 8 .32 WISIDE SUPPORT 29 v M s UNe 0,000 51632 W8T 13,79 882,53 0 B4 81,635,188
[ IR 177 oars 81,4550 L] ' 0 192,95 L J " L) 292,938
6.50 RISCELLANEOUS SUPPLIES 25,000 LF ey ] L] 80 91,109,750 " 0 81,1009
6.42 WCE DISPOSAL 204,000 CY $5.0 [} 80 41,020,000 " " 0 01,000,000

.43 MAINTERARCE OVERTINE '
4. LA0R 35 0ars “ 3.0 D W% " ®

0 em $122,3%

[, 1] 35 davs 0o ' " 20,000 » ] " 826,000

€. SPLIES 35 oavs $100.00 [} L 0 1,50 ] " $2¢,504
6.44 PRECAST CONCRETE LINER 25,000 iF 1300.00 [} " 50 97,500,000 L] % 81,5000
TOTAL DIRECT COSTS FOR TON TummiL 101,669 §1.679,022 51,997,150 68,025,002 W8N 815,331,988

FIGURE 12. DIRECT COST SUMMARY - TBM TUNNEL



The costs for builders’ risk insurance (0.2% of the contract value per .year),
bond (0.6% of contract value), and property taxes paid on plant and equipment
are included in the indirect costs.

These indirect costs are typical for a large tunneling project. However,
smaller project require a much different mix of indirect costs and the cost
estimator must take this into account.

SUMMARY OF TUNNEL COSTS

The summaries of each of the‘various categories are brought forward in the
summary sheet (see Figure 13).

SENSITIVITY STUDIES

Once the estimating format has been established, sensitivity studies can
easily be performed on any phase of the project, especially if the estimate
is computerized (the author used a Lotus Symphony spread sheet).

Labor rates, support methods, or crew sizes can be changed, and their effect
on the total project cost and schedule can quickly be analyzed. Another
exercise might be to substitute a used TBM with a lower net cost and shorter
mobilization time but a slower advance rate and more maintenance costs.

One of the most valuable features for sensitivity studies is the effect of an
unforeseen changed ground condition. With the example used for this article,
incremental delays of from one day to 20 days were added for passing through
an area of material that was harder than anticipated. No extra materials or
supplies were used. The results of this change are shown in Figure 14.

Because of the ability to study changed conditions in a more realistic man-
ner, the contractor-style estimate is also useful to the construction mana-
ger. Actual job conditions can be loaded into the format and the effect of
change orders or changing ground conditions can be more easily understood by

DS0449021 21 Scapuzzi
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acco! T LAMOR  LMOR L COUIPKENT COTRACTOR'S FOR CMIGED
~ e OESCRIPTION WAy " w MO M MIL BN v MIEAIAL  EouIeENl b P 0T comITiems

1.0 SUARY TUMIEL COSTS

3.50 PLANT AN EQUIPHENT C0STS ' » 0L 0 83,000,008 N 817.02,19% 902,19
4.50 ACCESS SuAF1 1,600 SIS0 NS samean L IR “i.m w.m
5.00 STARTER TvmneL 5.4 8.0 1000 NN ® UM 657,30 IR
6.60 DIRECT TumBEL COSTS 101,669 01,679,822 81,907,130 96,825,002 0 3,901 813,331,958 013,331,988
.8 ITTed
0.80 DIRECT CONCRETE COSTS 52,4 022,012 834,09 81,485,100 8 M1L0% 83,065,145 83,063,148
9.40 INOIRECT TUMNEL COSTS 5%,49 $1,200,554 81,084,438 " B 0T 65,005,266 93,005,204
M 25,08 $4,000,825 413,915,410 010,600,178 83,049,075 82,000,610 827,547,755 827,541,098

FIGURE 13.  SUMMARY TUNNEL COSTS
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FIGURE 14.  SENSITIVITY STUDY



the construction manager and owner. This is especially useful if underground
conditions are encountered which were not anticipated and provided for in the
bid documents and a claim for extra compensation is submitted by the
contractor.

CONCLUSIONS
The assumptions made in this example are intended to develop a budget esti-

mate.for7the client and not to be the "Low Bid.®" Far more elaborate detail
is required for a true contractor’s estimate.

Albert D. Parker, "Planning and Estimating Underground Construction” (1970).
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