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Condition Deterioration Lines
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Summarv of Linear Regression Results

TI Type a b N C

Few 92.6622 -0.99869 1375 0.44
Some 5 Asphalt 86.2193 -1.14950 1162 0.51
Many 85.6693 -1.45735 1007 0.58

Few 98.3662 -1.51900 306 0.56
Some 6 Asphalt 92.0506 -1.56683 283 0.56
Many 84.9040 -1.62470 187 0.61

Few 99.0357 -1.18153 245 0.50
Some 7 Asphalt 95.1678 -1.52507 183 059
Many 885982 -1.55190 103 063

Few 97 1029 -1.23308 729 0.39
Some 8 Asphalt 897949 -1.49363 417 0.46
Many 82.1770 -1 43288 167 0.60

Few All Concrete 894635 -0.94371 81 044
Manv 87 1011 -1.51426 47 071

n. Traffic Index

Type: T;'-'Pe ofPayement Surface

a: Linear Regression Constant" Y = a X - b "

b Linear Regression Independent vanable Coefficient

N ;-..iumber of Data Palms Used in Regression AnalYSIS

C Correlation Coefficient

Few Less than :3 cuts per section for asphalt pavements and
less than 5 cuts per section for concrete pavements.

Some Between:3 and 9 cuts per sectIon for asphalt pavements

Many 10 or more cuts per sectIon for asphalt pavements and
5 or more cuts per section for concrete pavements

29



TI5 - Asphalt
Less Than 3 Cuts

•
.-."

40

• • •

•

•• •
•

•
•

•

30

•

20
Age (Years)

10

• • • ••• •• • •
••

• • • • • • • •• • ••••

•

• ••• • • • • • • • • • • • • • • • • • •• • •••• ••

~~.. I · · :~: I !; ~ I:~;'~'~:~i!~'~;~:!!~!~~!': :'.:.I · · · · · .. .. ·• ••••• •• • • • ••.:. : ......·t~:1 r· · ::1 1 =lfl· . I • I .
• ••••• • •••• ••• ••••• ••• I • ••••
........... -- ......•......•..... . . : ".-. : -_ --- •......:.. -...•.-:- ,--_ ..........•........... _-.'.- ,

• • •• •
I • •• • • • • I •..............:. -•. -- _..... e" • ..........•........................ _- .. - .

100
80

c 60
0- 40
~

20c
0
U 0

-20
-40

0

· Score - Regression I

30



TIS • Asphalt
3 To 9 Cuts
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TI5 · Asphalt
More Than 9 Cuts
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TI6 - Asphalt
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TI6 · Asphalt
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TI6 · Asphalt
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TI7 - Asphalt
Less Than 3 Cuts
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TI7 - Asphalt
3 To 9 Cuts
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TI7 - Asphalt
More Than 9 Cuts
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TIS - Asphalt
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TIS - Asphalt
More Than 9 Cuts
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Concrete Pavements - All Tis
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Concrete Pavements - All Tis
5 or More Cuts
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Concrete Pavements - All Tis
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INTRODUCI10N

This repon discusses the resllits of an investIgation conducted by !MS,

InfrastructUI"e Management Services, Inc., for the City of Anaheim

California. Toe purpose of this investigation is to estimate a pavemcm cut

surcharge fee for City of Anaheim arterial highway and local streetS,

dependent upon pavemcm age. In order to develop an esrimaIed pavement

cut surcharge fee. the following variables need to be determined:

1. All estimate of the dec: a pavement c-.n has on pavement life;

2. The area. of pavement affec:ed by a pavement cut;

3. Average pavemcm design lif~

4. Average constrUction costs for arterial highway and local streets.

To estimate the me=: a pavement cut has on pavemcm performance, the

City of Anaheim speemcally requested IMS to utilize the resllits of a study

conducted by ERES, International, Inc., for the City of Phoenix., Arizona,

'"The a~.s of 'Utility Cut Patching on Pavement PerfoI1IW1ce in Phoenix.,

Arizona", July 18, 1990 This report, hereinafter shall be referenced as the

"Phoenix 5 rudy".

In the Phoenix Study 100 pavement sample units, 50 with. and 50 without

pavemem CUts were established. Each sample unit with a utility cut was

awched with an ad.iacent sample unit which did not contain a utility cut.

Each sample unit was 150 fee! in length and as wide as the existing

pavement \lIidth. D~.ailed pavement condition swv~ were performed on

the sample units with and without utility C'.Jts.
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Based on the comparison of the pavemc:m condition data. the Phoemx

Study estimates a pavemcm life reduction factor of 1.29 for pavemc:m area

affeceri by a utility C'.Jt for the City of Phoenix. AZ ere: 1). Speemcally at

the request of the City of Anaheim. this pavemc:m life reduction factor is

assumed for pavement area aneced by pavemc:m cuts on both the arterial

highway and local streetS.

The Phoenix Study determined thaI a pavement cut affected the entire

pavemc:m width sampled. This is assumed to be the entire pavement width,

as each sample unit seieced in the Phoenix Study covered the e:mrc

pavemc:m width (an average of 33 feet). Pavemc:m cut surcharge fees are

estimated based on an affected width of33 fee"_

An average pavement life of 20 years for newiy constrUcted and/or

rehabilitated arterial highway streets and an average pavemc:m life of 35

years for newly constrUcted and/or rehabiliwed local streetS is assumed (rU

The average replacemem value for an arterial highway street designed for a

:0 year period is estimated to be 534.19 per square yard as calculated on

page 3 of this report. The average repiacemc:m value for local stree"o.S,

assummg an average design liie of 35 years is estimated to be 520.00 per

square yard as caiC'.J.1aIed on page i of this report.

Based on this data a pavement C'.Jt surcharge fee is estimated for both the

arterial highway and local streets., dependem upon existing age of

pavemem.
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E.sr1MATEIJ PA.VEMENT Cur SURCHA.RGE FEE COST ANALYSIS FOR

A.RTER1A..L HlGBWA.YSTREETS

The artcri.a.l highway system in the City of Anaheim, CA, consists of 184

cemerline miles (~1). This equates to approx:im3teiy 6.: milliOD square

yards of pavemcm area (~3) The Stnlc:ural section replacement value is

estimaTed to be 211 million dollars (~ 4). This equates to an average

muc:ural section repi.acemcm value of 534.19 per square yard (SY). as

caloJiated. below:

Value/57
Tolai Value=

Toral Square Yards

Va1:uISY
S212. 000. 000- 6.200.000SY

Value;SY = S34.19/SY

Each arterial. highway street constrUction project is designed for a 20 year

period (~21. Using a life cycle costing approach assuming DO inflation.. the

vcUue pe:- square yard per year of pavement design life is caJe.llated below:

Value/SY/'Year =

Value/SY'Year '""

Value/SY'Year -

Value ISY

A~rage DeSIgn L~fe In Years

S34.19/ SY

20years

Sl.711Sr'Year
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Based on a pavement life reduction factor of 1.29 due to pavemem C'..rts., a

pavemem wTth 20 years of remaining design life. if cut, would have a

reductioo in life of 4.5 years as calculated below:

Life Reduction =

Life Reducrzon co

L{fe Reducrzon

Life Reducrzon =

Remazning Life
Remauung Life -

Reduction Facror

20 Years
:0 Years - ---­

1.29

:0 Years - 15.5 Years

4.5 Years

The value of this reduced life is equal to S'i.iO per square yard ofpavemem

area. affected by the pavement cut as calculated below:

Value ofReduced. Life Life Reducrzon· V~SYiYear

Value ofReduced 4fe "" -1.5 Years· Sl.il/SY/Year

Value ofReduced L{fe $7.70/SY

In order to estmlaIe a pavement C'..It surcharge fee., an estimate of the

pavement area affected by the pavement cut needs to be determined. The

Phoenix Study assumed the entire street width up to a total width of 33ft.

is affected by a pavement utility cut (rc! I) Based 00 an affected pavemem

width of 33 feet an estimated pavement cut surcharge fee (EPCSF) of

S28.26 per lineal foot of pavement cut is estimated for a pavement less than

one year old., as calculaIed below:
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EPCSF per lineal ft

Area Affecred

so,

Area Affecred

Area Affecred

Therefore.

EPCSFper lineal ft

EPCSFper lineal ft

Value ofReduced Life • Area A.rJecred
1 Lineal FOOl

Pavemem Width Affecred - Lineal Feel Cur

33ft- 1ft

= 33 SF

- 3.6i sr

Si.iO / sr- 3.6i sr
1 Lineal FOOl

S28.26

The follo\Ving table lists estimated pavement c-..It surcharge fees for

pavements from less than 1 year old up to less than 20 years old, in one

year increments, based on the calculation ml:"..hodology used above:
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ESTIMATED PAVEM:E."t'T Cu'T SURCHARGE FEES FOR ARTERlAL HIGHWAY

STREETS IN THE Crn' OF ANAHEIM, CALIFORNIA BASED ON Al''; ASSUMED

AFFECTED PAVE."fENT WIDTH OF 33 FEET

PavememAg_

I
Ute Reduction i Value of Reduced ute I EPCSF

(Years I (Years I (SJSY1 ($ oef Lineal Foot I

<1 I -'.50
,

7.70 28.26

<2 I ".27 I 7.30 26.79

~ I 4.05 I 6.93 25.43

<4 I 3.82 I 6.53 I 23.97

<5 I 3.60 I 5.16 2261

<6 I 3.37 I 5.76 21.14

<7 I 3.15 I 5.39 I 19.78

<8 I 2.92 I -'.99 18.31

<9 I 2.70 I 4.62 16.96

<10 I 2.47 I 4.22 15.49

<11 I 2.25 I 3.85 14.13

<12 I 2.02 I 3."5 12.66

<13 I 180 I 3.08 11.30

I I ,
<14 1.57 I 2.68 9.84

<15 I 1.35 I 2.31 84S
I I<16 f 112 1.92 7.05

<17 I 0.90 i 1.54 5.65

<18 I 0.67 I 115 4.22

<19 I 0.45 I c.n 2.83

<20 I 0..22 I 0.38 1.39
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EsT!MA.TEIJ PAVEME""vT CVT SURCHARGE FEE COST ANALfSLS FOR LOCAL

STREET'S

The local street system in the City of Anaheim, CA consists of

approximately 416 cemerline miles (rU: Z). This equates to approximateiy

8.8 million square yards (rc£ 4) The strUcntral section value is estimated to

be 176 million dollars (rc£ 4). TIlls eq~es to an average strUcntral section

value ofS20.00 per square yard (SY) as calculated be:l.ow:

Value/SY

ValueJSY

Value/Sf

= Total Value

Toral Square Yards

5176.000.000

8.800.000SY

S20.00/Sf

Each local street constrUction project is designed for a 20 year period,

however, the Orange County Materials Lab states th.aI many local str~.s

exceed this design life and may perform for up to 35 years (rw!:) Using a

life cycie costing approach and DO inilarion, the value per square yard per

year of pavemem design life is calculated below:

VaiuelSY'1'ear =

Value/SYiYear -

Valuel,SY/Year

Value / Sf
A verag'! Deszgn Life In Years

520.00/ SY

35years

SO.57".SY/Year
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Based on a pave:mcm life reduction fitctcr of 1.29 due to pavemem C'..ItS, a

pave:mem v.ith 35 years of remaining design life. if cut, would have a

reduction in life of7.87 years as caicuiaIed below:

Life Reducnon =

Life Reduction =

Life Reducnon

Life Reduction -

Li
;.... ~.. Life

Remammg ~e - - .
Reducrzon Faaor

JS years
35 Yean -

1.29

35 Years - 27.13 Yean

7.87 Yean

The value of this reduced life is equal to $4.49 per square yard ofpavemem

area affected by the pavement cut as caicul.aIed below:

Value ofReduced Life - Life Reduction· Value;Si'?Year

Value ofReduced Life 7.87 Years· 50.57/sY/Year

value ojReduced Life 54. 49/SY

In order to estimate a pavement COolt surcharge fee., an estimate of the

pavement area affected by the pavement cut n~ to be detennined.. The

Phoc:ni:x Study assumed the entire street width, up to a total width of 33 ft

is affected by a pavemem utility cut (rU 1). Based on an assumed affected

paveme:n width of 33 feet an estimated pavemem cut surcharge fee
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. (EPCSF) of $16.48 per lineai foot of pavement Colt 15 estimated for a

pavemem: less than one year oid as calorlared below:

EPCSF per linealft

Area Affected

so.

Area Affected

Area Affected

There/ore,

EPCSFper lineal ft

EPCSF per linealft

Value ofReduced L~fe • Area Alfecwi
1 Lineal Focr

Pavement Wid:t.h Efjeeted. Lineal Feet Cut

33ft· 1ft

33 SF

3.6i sr

5-1.49/ sr- 3.67 sr
1 Lineal Foar

S16.-I8

The following table lists estimated pavement C.I! surcharge fees for

pavements from less than 1 year old up to less than 35 y~ old, in one

year incremc:ms, based on the ca.icularion methodoiogy used above:
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ESTIMATED PAVE.'1E."IT CUT SURCHARGE FEES FOR LOCAL STREETS IN

THE CITY OF ANAHEIM. CA.Ln"OR..1\ilA BASED ON AN ASSUMED AFFECTED

PAVEME..l\IT WIDTH OF 33 FEET

Pavemem Age
I

Ute Reduction I Value of Reduced Ute' EPCSF

I(Years I (Years I ($/SY) ($ Def Uneal Foot )

<1 I 7.87 I 4.49 16.'8

<2 I 7.64 I 4.35 15.96

<3 I 742 I 4.23 '5.52

<.4 I 7.20 I 410 15.05

<5 I 6.97 I 3.97 14.57

<6 I 6.74 I 3.84 14.09

<7 I 6.52 I 3.72 13.65

<8 I 6.29 I 3.59 13.18

<9 I 6.07 I 3.48 12.70

<10 I 5.84 I 3.33 12.22

<11 I 5.62 I 3.20 11.74

<12 I 5.40 I 3.08 11.30
I I

<13 ! 5.17
,

2.95 10.83

<14 ! 4.95 I 2.82 10.35

<15 I 4.72 I 2.69 9.87

I I

<16 4.50 ! 2.57 9.43

<17 I 4.27 I 2.43 8.92

<18 I 4.05 I 2.31 8.'8

<19 / 3.82 I 2.18 8.00

<20 I 3.60 I 2.05 7.52

<21 I I I3.37 I 1.92 7.05
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<22 I 3.15 I 1.80 I 6.61

<2:3 I 2.92 I 1.86 I 6.09

<24 I 2.70 I 1.54 I 5.85

<25 I 2.47 I 1.41 I 5.17 I
<26 I U5 I 1.28 I 4.70

<27 I 2.02 I 1.15 I 4.22

<28 I 1.80 I 1.03 I 3.78

<29
,

1.57 I 0.89 I 3.27

<30 I 1.35 I 0.77 I 2.83

<31 I 1.12 I 0.64 I 2.35

<32 I 0.90 I 0.51 I 1.87

<33 I 0.67 I 0.3S I 1.39

<34
,

0.<l5 I 0.28 I 0.95

<35 I 0.22 I 0.13 I 0.48
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1. ERES. lntc:man.oDaL Inc.~ E!rc:ts afUtiliry Cut Parching on P3'vcne::1t hrfcrma:nc:= m Phocmx.
Almma", July 18, 1990.

2. City of Anahcjm Califorma. Public Worlcs-EngiDC=nng Deparm:=m 7Y 1992-93,~n on the
Condjticm of Am:nalHi~ April, 1993

3. City at Anahcjm Califanua. Public Worla Dcpa.rt:me:u "FY 1993-94, kport on the ConCilicn at
Am:nal Higi:lways"", hme. 1994

4. City at A na brim Califonua.. Public Worts Depanml::m "FY 1993194. Rt:pcn on theCo~ of the
Artenal Highway System P:M:mcn Management System and the Loc:ai Str=: System P:m::mcm

_ ~System", Nove:mrc,1994


