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ESTIMATED PA VEMENT CurSURCHARGE FEEs FOR ARTERUL HIGHWAYAND

LOCAL STREETS BASED ON AN AssUMED AFFECTED PAVEMENT WIDTH OF

12 FEETAND 18 FEET~ECI1VELY

Speci:fically at the request of the City of Anaheim. an esti:mated pave:mc::tt

cut surcharge fee (EPCSF) based on an assumed affected 12 foot lane

width is calculated below for arterial highway streets. The esamated fees

listed are calculated based ClC the me::tbodo1ogy used in the "Estimated Pave::ccn

Cut Su:rcbargc Fee fer the City of Anabc:im, CaJifumia., Arterial Highway and

Local Str=s", Dec=mber 8, 1994, report. However, an a£fccu:d pavcncm width

of 12 f= is used ra%hcr tba:n an affected width of33 fi::c:t.

EPCSFper IirwJlft

and,

Area Affected

so,

Area Affected

Area Affected

Therejore,

Value ofReduced Life • Area Affected

1 Lineal Foot

- Pavement W'u:ith Affected. Lineal Feet Cur

12ft· 1ft

12 SF
1..3.3 sr

EPCSFper Jineaj ft -

EPCSFpt!1' linealft -

S7 .70 I Sf. 1.33 Sf

I Linu1J Foet

S10.24
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The following table lists estimated pavemcm cut surc.harge fees for

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

year incremems., based on the caiculaIion methodology used above:
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ESTIMATED PAVEMENT CUT SURCHARGE FEEs FOR ARTERIAL HIGHWAY

STREETS IN THE C1n' OF Al'tABEIM, CALIFORNIA BASED ON AN ASSUMED

AFFECTED PAVEMENT WIDTH OF U FEET

Pavement Age

I
Ute Reduction IVaJue of Reduced Ute EPCSF

(Years) (Years) ($lSy) ($ per Uneal Foot)

<1 I ~.50 I 7.70 10.2~

<2 I ~.27 I 7.30 9.71

<3 I ~.O5 I 6.93 9.22

<.4 I 3.82 I 8.53 8.58

<S I 3.60 I 6.16 8.19

<e I 3.37 I 5~76 7.66

<7 I 3.15 I 5.39 7.17

<8 I 2.92 I ~.99 6.64

<9 I 2.70 I ~.82 6.14

<10 I 2.47 I 4.22 5.81

<11 I 2.25 I 3.85 5.12

<12 I 2.02 I 3.45 ~.59

<13 I 1.80 I 3.08 ~.10

<1~ I 1.57 I 2.68 3.se

<15 I 1.35 I 2.31 3.07

<15 I 1.12 I 1.92 2.55

<17 I 0.90 I 1.54 2.05

<18 I 0.67 I 1.15 1.53

<19 I 0.~5 I c.n 1.02

<20 I 0.22 I 0.38 0.51
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Specifically a! the request of the City of Anaheim, an estimated pavemem

cut sw-c:harge fee (EPCSF) based OD an "~"'1IDed affected half pavc:mem

width of 18 feet is calculated below fer local streetS:

EPeSFper lineal ft

and,

Ana Affected

so,

Area Affected

Area Affected

Therejore,

Value ofRed:zJced Life - Area Affected

1 Lineal Foot

Pavt!ment W"uith Effected. Lineal Feet Cut

- 18ft· 1ft

18SE'

2SY

EPCSFper lwalft ""

EPCSFper lineal ft =

$4.49/ SY- 2 SY

1 Line.al FOOl

58.98

The following table lists esrima:ted pavcm.c:IIt cut surcharge fees for

pavc:mcms from less than 1 year old up to less than 35 years old, in one

year incn:mems, based OD the ca1cuW:iOD methodology used above:
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ESTIMATED PAVEMENT CUT SURCHARGE FEEs FOR LOCAL STREETS IN

THE CrIT OF A.1IiAH£IM, CALIFORNIA BASED ON A..1\{ ASSUMED AFFECI'ED

PAVEMENT WIDTH OF 18 FEE:T

Pavement Age

I
Ute Reduction IValue of Reduced Ute EPCSF

(Yearsl (YearsI (SlSY) ($ per Una' Foot I

<1 I 7.87 I 4.49 8.98

<2 I 7.504 I 4.35 8.70

<3 I 7.42 I 4.23 8.4.8

<4 I 7.20
,

4.10 8.20

<.S I 5.97 I 3.97 7.94

<5 I 5.74 I 3.54 7.68

<7 I 6.52 I 3.72 7.404

<8 I 6.29 I 3.59 7.18

<9 I 6.07 I 3.48 B.92

<10 I 5.54 I 3.33 B.ese

<11 I 5.62 I 3.20 5.~

<12 I 5.40 I 3.08 tUB

<13 I 5.17 I 2.95 5.90

<14 I 4.95 I 2.82 5.64

<15
,

4.72
,

2.ee 5.38

<16 I 4.50 I 2.57 5.14

<17 I 4.27
,

2.43 4.88

<18 I 4.05 I 2.31 4.62

<19 I 3.82 I 2.18 4.3S

<20 I 3.60 I 2.05 4.10

<21 I 3.37 I 1.92 3.54

<22
,

3.15 I 1.80 3.60

~ I 2.92 I 1.66 3.32

<24 I 2.70 I 1.54 3.08

<25 I 2.47 I 141 I 2.82
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<2e I 2.2S I 1.2! 2.58

<Z1 I 2.02 I 1.15 2.30

<2! I 1.SO I 1.03 2.05

<29 I 1.57 I 0.!9 1.78

<30 I 1.35 I 0.77 1.504

<31 I 1.12 I 0.&4 1.28

<32 I 0.;0 I 0.51 1.02

<33 I 0.57 I 0.38 0.7e

<W I ;. 0.45 I 0.25 0.52

<35 I 0.22 I 0.13 0.25
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Introduction

This report disc-..wc:s the res1Jlts of an investigatior: :ondu=~e= :.y
ERES International, Inc.. (E!), for th\; \-it)' of Phoe==c. to assess the
effe~..s of utility C1lt patching on the pavements' life spar., arld
performance. Fifty street se:::ioru., each approxiI:1ateiy one hal! :::::ile
long. were selec~ed from the City Cerne.... Two adjacent 1..50 f:
pavement units were selected fro:= ea::.h sections woe:: one of ~,e

units had utility c-..:~ patches while the adjacent unit did not. The
surface condition was q1Jantified using the Pavement Condition
Index (PO) method. Tne stnJetural adequacy of the patched a.nd
non-patched pavement, was evaluated using a Fa..II.iIIg-Weight­
Defleaometer (FVID). Pavement deflections were measured inside,
and outside the patches. Based on the available data, a cost analysis
was eondueted, to ouanrif.; the rehabilitation cost Inco.IITed bv the. . .
city, due to utility C1lt patching.
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Chapter 1: Pavement Distress Conditio:1
Survey and Deflection Testing

This chapter pre:se::1t.s the results of the: pave:::e::: dis::es~ _..:.~ci:t::::::

survey and deDe~ion testing cO:1c:iu~e:: to c:ie:e:-=i:ie ~":e e::::: c:
utiliry CUt patc::.i..ig on pavecen: perior:nance a:1c S'="-lC7~=-a!

adequacy. Tne pavement distress condition su~ey \1o"aS pe::::=-==:::
using the Pave=e:1t Condition Index (PC!) method. The PC
decrease over ti..oone was used to measure the diffe:-en:e in
perior.:ance be:we::: utility patc:'e=. and non-patch::: pave=e'nts.
Deflection testing was conducted using the FaIling-Weight­
DeDec:ometer (FW'D). The maximum de!le:tion under a
norma1i=d load of 9000 Ibf was used to compare the StrUc:~raI

adequacy of the utilicy patched and non-patched pavements. A
pavement is st:"'JC':Urally adequate if it is able to ca...."'ry traffic safely
for the design pe:ioC:.

Tne PO and FVID testing procedures are briefly descnoe:: below
and the results prese:1tec.

Pavement Condition Index Rating Procedure

T.oe Pavement Condition Index (PC!) survey method was developed
by the U.s. Army Corps of Engineers to provide a systematic
method of measw..og pavement distresses and quantifying their
effect on pave::::ent petiormance. Tne PCI is a nume:ica1 indicator
of the pave:nent condition which ranges f:'om 0 to 100 with 100
beil"lg excellent. The PO is compUted based on the amoU!l: and
scve;::y of t."'Ie pave:ne::::t's existing distress. For fle::cole pave:::::e:::s,
nineteen (19) distresses have bee:::: identified. Curve5 have been
developed, re:Jecting the relative effec-.s of each distress aD the
quality and SL'"'Uctural integrity of the pave::nem and the suriace
operatior.al conC:iticn. Tne numbe: of penalty points assoc::ated .....ith
the type and scve:ity of each distress, are caned deduct values.
Figure 1 sumrnar.zes the PC! rating procedure, while the eetaDed
procedure and actual charts are available through the U.s. A...-=ry
Corps of Engi."'lee:-s, CERL Technical Report M-294 (Ref 1).

..,..



Sele~...ng and Surveying Representative Test Se=:::icr:s
The PC survey was designed to provide a pair::: eX?e~_-=:::: 0: ?C
values fo " ...atc ... ·,.; ,,... non·ca· ...... ·,.; ... av· ... ·"·· =~-, - r'· \ s·..••••':-' •••w "Wi. 4 .~,,~_w:-, ..~ ...... w. _.""'y ", \ •• ) ... _
were seie::ted at random from the C::1::: t11e c:=:,: of P~oe:"..:X. Eac::
stre:~ was divided into one or more 300 f .... se::t:cr.s. Two acjac::::
150 ft. paverne:H units were sel:::t:: ::-0::1 :ach sec::o:.; c::e c: ::::
units has utility curb patching and the otbe, die not.

Tne detailed results of the PO sUNey are pres:::t::: in A??:::c~"( A.
:u1d su:::..-=ar.zec in Table 1. Inhe,e:'!t in the PO procecure the fa::
that patcl'les, regardless of their quality, are points of discontm~i:y i:1
the pave:::ent SL-.Ic:'Ure. Planes of weakness, and soil dis:urban::
are c-eated at the patch edges due to the cutting action. USUally,
proper compaction to restore the lost density is not obtai."'led for
reasons such as: 1) lack of experienced operators, 2) inadequate
compaction machines, 3) inadequate soil moisru:: etC­
Conseque:1tly. pavements are penalized based on the pat::: seve::ty
level (e.g. a good patch is rated low seve::ty).

AnalYSis of the PCI Survey Results.. ..
~ pavement may be considered failed., when it :an no longer be
economically maintained without the need for major rehabilitation,
such as an overlay. -Considering that a typical pavement design life
is 10 years, the se~..ions were grouped into families, patched and
non-patc~ed, haviDg an age of 20 yea..--s or less. The analysis
revealed that. for the DOD-patched areas, a te::ninal PCI of 69 is
obtained at the age of 20 years (see Figure 2). However. the
patc~ed sections would be expe::ted to attain such a value mabout
l~.s yea.""S, therefore sborte:ting the ::xpec:ed pavemeDt life by 4..5
yea.~ (see Fig'.lre 3). Therefore. to maintain the pavement in
ecoDomic condition, rehabilitative measures must be under-..a.ke::.
when the PCI reaches the value of 69 which is 20 years for non­
patched, and l~.s years for utility patched pavetDents. .A.llov.ing t..1:
pave:::Jent to dete:iorate beyond this PO value, would result in a
rapid inc:-ease in restoration costs. This concept is illustrated in
Figure 4, adopted from the report published by the American Public
W . A ~~ •• (R; ")orx .-w.-.oc:.aoon e.....

IndMd~al sec-.ions PO values are oresented in Table 1. It can be
seen :.hat. in gene:al, the patched ;ec-.ions had lowe: PO Villues.
T.o.is cliff::::'!c: is rnor: evident when c:Jr:npare: to L"le av::ag: PO

3
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the PC! values for :h: patc:led are:::.s we:'": as :::'J::: as :: ;::::::::..s
1 t'ne n· a· • (s·· -a'o'l r. =; ~\ .., .owe. t an '" w .\J ~_ w ~ e - ~ • '5- _)' ..

indicating a fast::- ce:e:-:c:a:ior: :a::.

DefH:ction Testing and "A.•.Jlalysis of Results

Toe oavernent deflections we:: ::neasured usin~ nn FaEi::E'We:z.."::·
Defle:-:ometer. 1:,e F"W'D is a non-destructIVe ~es:ir.g ~a~:'L..:e.•
caoabie of deiiverinlO: an impulse load, simila: in ma~.1tuCe a:::
du'ration to a ::::JOYing truck: 'wheel load. Tne ?ave:nent's ce~eCtl:::::s
are measured using seven velocity u'a.nsduce~. one of which :s
located in the c::1tc: of the load piate (See Fig'..lI'c 6). Tne
operation is controlled by an on-board computer, and the data are
stored on a cag:netic tape.

Tnree load levels were used at each test location, 6,000, 9.000, a;'lC
15,000 Ibs. and. the 9,000 Ibf. load was selected as the desig::; load.
The testing was pe:"fa::ned in the wheel path (i.e., 18" to 24" rrom
the edge of the pavement) at approximately 25 to. intel"\'3ls ex:.:?t
where patches were e:1counte:ed. In sucll a case, five locations were
tested., two on the outside boundaries of the patch (PVE), two on
the inside edges (PAE), and one in the middle of the patch (PA),
(see Figure I). De::ai1ed NDT data are presented in Appe:'lcixes B
andC.
The measured deflections are indicative of thepaveme::t stre:lgth
with lower deflections reflecting a stronger strUcture. Note :"'lat,
while bearil1g in mind the variability in materials and const:"Uc::ion, a
certain degree af uniformity in the measured deflections is desired,
indicating a uniform foundation support for any future srre:'lgtbe::.ing
by overlays. Gene:al1y, patChes have a dire::: effec: on this
uniicr:nity, since they are considered points of discontinuiry, wi:..":
adve:-se effe=-..s aD funm~ pavement performance. It is doubtful that,
even with a st:-.Jcnlral overlay, the discontinuity effec:.s wm be
corrected. It is impossible in :"1is case to quantify the exact effec:.s
of the patches since they are a funC"'Jon of the patchs' type a110 size,
age relative to the p2.vc:::nent, matetial used, construc:ion procedure,
climate, ctc-_

The str"Jcnlral indicator for the purpose of this analysis. was tbe
r:1anl':nJIn deflection unde;- the lead plate (Do). This measure is

4



capable of providing an assessment of the pave:::cnt stre::~":' a:::-
the apprcx:i:nate re:naining life. ~ irlC"CaSc in the ::oag:-.:r-.;ce c: :=oe
uef1e:tions is coupled v.ith an in::-c.ase in t..1e ::-:nc.al S::'alI'..s a:1:::
StrCSSc:l in the pavement's laye~ resulting in a.."'l ac::eie:atec fa::;:::
failure. Hence, the use of st:'".Je::tu:"ally designee overlays tc red:.:::
the deflections, and extend t..1e life of the pave::::n:..

The data analysis of the deflection data indicat:d tha:.. or. :.h:
average, the deflections v.ithin and aTCUIld the patch:d a::as we::
about 2.5% grC3ter than the non-patched sections (see Tack 3 a::c
Figure 8).

5



Chapter 2: Overlay Design Requirements

Tne overiay thid=~ess require:::lents fer caet see:icr. was ce::~..:::e~

using the Asphalt Institute method (}.fS-li)(Ref 3). Fer tne sake of
comoarison, t.l.Jck:nesses were dete:-:nmec for botr.. ::;at::he:::: ant non­
patched sections. Tne maximum def1e~ions produ~ed at the 9000
lbs. load level were used as input to the c1esig::.. Ot.':r re~~:red

input are:

1. Tne seasonal adjustment factor, which is the ratio of the
deflection taken during t.1e most critical ti."'De of the year to that
measured at the time of testing. Conside~.ng the time of the
testing (April, 1990), and the minimal variation in seasons in t..'1:
Phoenix area, a factor of 1.0 was used.

2. The te::::lperarure adjustment factor, used to normalize the
measured def1e~ions to 7fJ"F. Tne mean 5-day temperature -was
obtain £roo the "Phoer..ix Water Conservation & Resources
Division" whi:h was used to calculate the adjustment factor for
each test se~jcI"_

3. Traffic counts for the tested sections, obtained from the C;ty of
Pboen±x., along with a rough estimate of the pe:-cent trucks using
the streets. For design purposes, it was assumed that 10% of the
traffic is tr"Jcks, and the traffic growth factar is 2%.

4. Pavement laye:s thicknesses for each section; 'for the most part
were available or reasonabiy estimated based on information
supplied by the City of Phoenix personneL

Tne design defle~jo:c used in t..'e analysis is compt:~e:: using tb:
relation:

.,

(Do)cic:sign =
where

(X+S)eCeF

x = Mean pavement deflection, milS.,
S = Standard deviation of deflections, m.ils.,
C = Seasonal adjustment fa~or,

F = 7emperature adjust:nent factor.

A comput:~.zed ve:-sior: of the Asphalt Ins~itute method (N!S-17),

6



CP-4, was util.i:ed to expedite the design proc:s.s. T:'1e resul:.s are
ShOWD in Table 4, where it caD be seen that, en the ave:-age.. :""le
patched sectiom requirec about an e::c=A lY. in. ef ove:-lay :-:;ative
to their non-patchec counte=?ar..s. The reponee a.nswc~ r:~e=: a
20 year design period.

7



Chapter 3: Cost .A..nalysis

Based on the results obtained in c=:apte: :. and conside:-:::g :."::
dire~ and indire~ costs associated 'With an ove::ay, a cos: anai~:s

was prepared. Such costs will include manhoie and sewer alig:-.=e:::
and curb replacement. This approach assumes that no
reconstruction will be nec:ssary if the pC! is kept above 69 -.:8i.:i...g
properly scheduled r::aintenance.

Tne curb reveai is assumed to be 6 inches an:: the C'.:rbing v.ill net
be replaced u:lless future overlay thicknesses exceed this value.
Manholes and sewe~ adjustments will be compie:e:: prior to each
cverlay. Prices may vary with local, contractors a.lld eons:'-.Jc-Jon
procedures. For the sake of illusttation some realistic figures, based
on national averages, were assumed and summa..oized as follows:

1. Asphalt patch material cost S381ton. in _clace.
2. Asphalt patch material weigh 150 Ibs/~.

3. Manhole and sewer cost S2.500/mile.
4. Curbing costs are S147,840/mile, in place.

In addition, t.~e street width v.'aS assumed to be 33 f'.. wide and..
based on the results obtained in chapter 2, aD overlay of 2 m. is
required for the nonpat:.'ed areas, while a :3.2 in. overlay is required
for the patchec.

AceordiIlgiy, the cost of each componCDt can be calC'Jlatec as
follcv."S:

Total Cost = Overlay + Manhole & Scwer + Curb

1. Overlay Ccst (Non-patched):

Material cost =

Quantity =
=
=
=

Mate=ial Ccst =

Quantity • Cos:, therefore, for a 2 l."l. overlay;

Overlay Tnick x Lane Width x 5,280 toJoile
2'12 ft. x 33 to.. x 5,280 it / miie
29,040 cu..w...; :::nile
2,178 tons / mile

2,178 x S3S I tOD

8



Ycarly C·
.:

S82.764 I milc

Overlay Cost I Desigr. !.if:
82.764 I 20 yea.~

4,138': S I I::J1c:yca:

9



:. Manhole aDd Sewe:- Alig:cmc::ot (Non-patchc::d):

Cost =
=
=

Cos: pc::~ r.:.ile ! Desig:: life
S2.500 I r.:.i.ie / 20 yrs
S11.5 ! ::nile / yea:

3. 0.Irb Rcptac:::mc::ot Costs (NoD-patchc::d):

Tnis cost will be ac~ed whe:1 C'Jrbing b::o::es ne:~a::: :::.:: I::
the inc:-eased pave:-::ent thick:1c::ss. Assum.ing that the 1:"';:0 :Je:g:::
is 6 incnc::s, the repiac:::ncnt of the C"Jrbing v.iJ1 be required
approximateiy, every third overlay, giving a s~:: life of 60
yean (assuming each overlay will last 20 yc::an). ac:ordin;jy, to,e
associated costs are computed as follows:

Therefore, the total yearJy cos: for a road that is one mile long,
33 r.. wide, and requi:ing a 2 iDch overlay will bc:::

However, patched pave::nents have a life expectancy of 15.5 yean
compared to 20 years for the Donpatched. In addition, a patched
pavement \\'iI1 require a 3.2 in. overlay, thereby redu:::ing the life
of the curbC3 to about 31 yc::a..--s instead of 60 yean. Applying
thC3e considerations, the yearly c::Jst of a patched pave::Je:n ca..."'l
be computed as follows:

Curb Cost =
=
=

Total Cost =
=

Cost per mile I Design Iiie
S147,840 I mile I (20 yrs. :t 3)
S2,464 / mile / yr.

4,138.2 + US + 2,464 (Nonpatehed)
S6,727.2Imilefyr.

1. Overlay Cos: (patched):

Matenal cost = Quantity x Cos:

lnerefore, for a 32 iI:. overlay;

Yeariy Cost =
=

3.2'12 x 33 x 5.2S0 x .07.5 x 38 / 15.5 yrs
S8.543.39/miieiyr.

10



Cost =
=

S2..500/mil: / 15.5 yrs
S161.19/:nileiye:lr

I

II
: I
I, .

3. Curb Rcplacemc:lt Costs (patcbed):

Therefore, the total yearly cost for a patchec roac that is cr.:
mile long, 33 to. wide, and requi::.,g a 3.1 inch overlay will ~c:

Curb Cost ==-
Total Cost =
(patched) =

S14i,840/miie / (15.5 yrs. x :)
S4,769/mileiyr.

8.,.543.39 + 161.29 + 4,769
S13,473.68/milelyr.

""

:i
I.

" t'.,

'!

To assess the city's ~., the total number of lane miles was
obtained from the City of Phoenix Stree:s and Traffic
Departmcnt, with a guesstimate of tbe percent patcbing in the
stree:s. The nu:nbe~ utilized for t..'Us analysis are 872 lane :::iles
with 9S % patching, and the average yearly cost is computee as
fonows:

Total Cost -=

-=

Cost to the City ==-

(# of miles).[ %Patch. (13473.68) ...
%Nonpatch. (6i27.2) J

8i'2. [ 0.9S(134i3.68) + 0.OS(6727.1) ]
S11,454,902lyear

S11,454,902 • (872 x 6i'2i.2)
SS,5ss,784lyear (6,409 Slyrlmlle)

Bear in mind that the above number is based on an approximate
s=eet width of 33 it. and the assumed c:osts per ::nile. II different
numbe~ are deemed more feasioie, si:npiy follow the outlined
steps and substitute the new numbe~ in the formulae. In
addition, to calculate the cost per square yard of patching, use
the follcv.ing reiation;

Cost per yd2

of patching = Total Cost per :nile x % Patcbcs pcr mile

It should be e:npha.siz:d that the reported figures do not indude

11



:..

the following costs:

1. Administrative and planning costs associated vtith
patching,

2. Grind..iI1g or repatcbing as pr:paration for the overlay, an::
3. Costs associated \Vith cxc::avations in the sidewalks or tr:1:

green belt area.
4. Users' costs in terms of comfort aDd delays.

12



Chapter 4: Conclusions

The results obtained from this study suggest that the pave::::lent
performance and service life is dire~Jy affe~ed by the presence of
utility cut patchiDg. This effe::t \VaS approximated by a reduction
factor of 1.29 applied to the patched pavements. This life reduction
coupled v.ith the increased overlay thickness required by the highe:
deflections in the patched areas, resulted in doubling the cost of
pavement maintenance to the city. The cost of maintaining the
patched pavements was calcoJiated to be approximately 55,900 pe 4-CLL ~ ~
m:3e f3er :'=.. 'q; $2;$89 for the non-patcbed pavements.
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Fig~re 5: Comparison of the pcr Vcl~s f=;
Patched ond Ncr~ctchsd S:reets

6 III CD ~ - .
(ic

~ CD ttl - e ~I) f (D

g "C 0 0 ~ ~ - ~Co - .:: ~ .:: :::~ .:. - - ..
~

u ... Cl - r3 - Cl... :::c CI.I - ,... ,...

18



-­........ ",....
............,
....... '"

&.000 lb. load

'12' r 12'
!

DO

Maximum
deflection

'12'

Figure 6· Deflection Easin and Sensor L.ocations

19



:::

<
w
e:::
<
o
w

u
r-
<
0....

r­
>
0...

w
>c...

<
0...

w
<
0....

w
>c..

•

-
-o -u- -U ttl

~c..-Q CJ
0-=--o ~--en ::
::: 0o ...
-<
ttl ~
U c:::
o t'tl

...J
:::

I I I I

\>~ ~ < I
.~c.c..c..;

20



figure 8: Effect of Patching on Deflections
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Table 1: Summary ot PCI Results for Ead'l Section

Brancn , I SecUon j L.a.st MaJnl~nce t PCI I

" ". ~Umb.rdi ""M! Type I Patc:ned NCl(1-Patc:ned~". I

cametcacx 1 1987

1

Cl"UP s..I 87 8S I
.. -2 1S87 Chip s..I 61 671

-'3 lS84 cnlP s..I 6J 52.. 1984 cnlP SNJ 7. 79

'S 19&to ChIP s..I :17 62
,,,," 6 1977 Ccnsuue:tlonI 53 8:l

" 1984 CnlP~ 7. 89/- ,.
.... 8 1984 cnlO S.al 90 92

lnalan &:noel I :,~ I 1S8 1 ICoI'lSU'ucuonI 91 I 100 I
1984 CnlO Sui 7B 89

ThOllWl Read .11 1986 I CnlP SUI 7. n
.... " .. 0"12 1976 Constt\le:tlon 94 100

.......... 13 1976 COflSlruClIOll 90 99
. ,.. 1988 ChtpS~ 9:1 97

'5 198:1 1In. OII.nay 89 n
...'!': . ":-/ ·,·.·.'.'6 198:1 lin. CN~y 79 71., .:

···.t7 1984 Cnlp s.&J 6J 60
.. . '.' le 1984 CnJo Seal 66 92 I

MC:OOwRoaa 19 19&to ICOnsttUCllon S:l 99
2Q 19891 ConsIt\lcuon as 100
21 1987 Cnlp Seal 89 97
22 19B:l Constt\lCllon as 100

. 23 19&to ICOnstf1Je:tlon 95 100

Buc:u". I 24. I . j . I 7e I 100 I
24.tM Street 2S 1986 Cnlp s.&J 84 100

;26 1986 Cnlp Seal 93 '99
27 1986 CnlPSw 81 B6
2B 1986 crllp Seal 75 77
291 1986 I Cnlo 3..1 I 6.5 7:l

/16th Street

~I
1986

1

ChIP SUI I 80 I &to
1986 Cnlp Seal 74. 52

I I

I 1988 I ChloS..1 I 81 82

I ;:1 1986 I cntp Seal I :;1 76
1978 Cnlo Seal 70

• No rntotmaUon IS aVaJlaDle.
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Tal:Jle , (con't.): Summary of PCI Results for Ea::h Section

Branel'l

I~=rl
us: MaJnlanaroce I PCI !

'Year I iVN' I F"arc:ned Non-F"atC:f1eo:

7t1l SlrMl

'".'
',35 I 19as l' in. evenaYI 78/ 80 I... ',;; .

19as lin. OI;arl.iy 92 91 I
,9as lin. evenav a.s 99 I

~;~Av.nuel ','

~I
19871 CNp s..J I

~I
87 I

.. 1987 cnlp S6aJ 8e I
f·",

1983 lin. evenav 60 100 I
7't1I Avenue ." 1983 Cl'llp SNJ S1 ~J

" ,.,.; .... .2 1983 QupS6aJ 73 60

,.:; •. -4\3 19&4 CMlSNI 76 es
.....'.... 19&4 CJ'U;l Seal 83 79..

en!;) SoMl...... ··45 1984 ~ 77
" ", <>'<66 19&4 ~SNl 77 77

I ·"7 1987 cnlQ SNJ 4a 77..
.. ' - .48 '987 CnlD s.aJ 79 98

19ttl A....nu. I .. 4i I 19S61 Clllp s.aJ I 87
1

S8 I
50 '9&4 cnlD Seal 57 . 90 ,

2J



Table 2: Summary of PCI Resutts for Each Branch

Branetl

CamelDacX
Indian SChool

Thomas Road
MCOowel .

Buclceye
24th Sueet .
16th Sueet
7tn Sueet

Central Avenue'··
7tn Avenue >~,

19th Avenue

Avera e PCI
PatChed 'NonPatCMd I

67 80
85 95
81 84
89 99
78 100
80 87
7S 79

85 90

77 89
69 7S
77 89

Difference i

'3
10

3
10

22
7

4

5

12
6

'2

"-~



Table 3: COlr"l8ttson ot tt1e Oefieetions Between Patc."ed
and Nonoatcned Pavements

Lo~~on' r Mini~U~
Oetlectlons. mils. I

f Maximum / Average i Std.Oav. I

PVT 4.29 7'.32 '4.66 8.79 I

PVE 5.40 49.72 '7.28 7.86 I
PAE ...,

1.59 37.33 '8.63 7.25

.0· PA 1.59 33.48 17.63 6.89•.. - "'. ~

PAE._: 1.59 3'.56 '8.75 6.93
PVE'~ . 4.92 53.5' '8.22 9.25

PVT Tat 11 on th. pawmlnt. away from th. paten.
PVE Test 11 on tria pavement. on trI. OlJtSlOI .ag. 01 th. paren.
PAE Tat II on tn. InsId• .ag. 01 the palCh.
PA Test IS at th. c.nter 01 tn. parcn.

2S



Table 4: Overtay Thiclcness R~uirements tor Patched and
NonpatCtled Pavements

IStreet
I o...enav T'hleltnass I AV9fage Th,exnes !

I Section j Patenld NonPa:enldi Patenee NonPatened'

No Inlormatlon LS aVaJJ6018.

Camelback :- 1 1.7 I 0.0 I
'. ~ ~ .... 2 2.21 0.0 I

3 7.J 2.9
.' ..

~ 4.5
3.

2
1

5 3.6 0.0

6 0.0 0.0

7 3.S 0.0.
8 0.0 0.0 , 2.89 0.76

Indian
f 1~ I 0.0 , 0.0 I

2.55 I 1.001School 5.1 2.0

Thomas 11 :l.2 2.2

Road. 12 0.0 0.0

13 0.0 0.0..
6.4,~ 0.0

15 2.4 0.0..•
16 9.6 , 0.'

I··
17 5.1 2.6

'8 3.' 0.0 3.~ '.86
McDow 19 0.0 0.0

Road 20 0.8 0.0

'2'1 6.4 6.7

... 22
0.°1

0.0
. 23 0.0 0.0 '.44 1.34

IBucxeve I 2~ I . I . I . I .
24tr1 Street 25 3.9 1 5.6

2fj 4.7 2.3

Xl 2.2 5.2

28 4.5 3.5
I 29 :l.9 6.5 . :l.S4 I 4.62.
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Table 4 (con't): Overiay Thickness Requirements for Patched
and Nonpatcned Pavements

r CNenav ThielCnass I Avoera08 Thlcltnas I

IStreet I See:tJon I PalCfled NonPatcneol Patcned NonPalcneoi

, 6th Street 3Q 3.7 2.6 I
I

3'l 4.6 4.4
32
33

0.0 I34 2.9 3. i.l . 3.S0 .

1710 S~'" :1 0.0 I 2. 1I
2.~ I 0.10 I3.8 0.0

2.9 0.0
Central 3.0 4.6
Avenue 0.0 0.0

1.0 5.5 3.33 3.31
3.S 6.2

42 2.6 0.0
A ~ 3.7 0.0

404 5.8 0.0
.04S 5.2 2.4

046 1.4 0.0
J.7 2.4 1.2
046 3.6 0.0 3.58 1.98 I

!'9tl'l Avenue I.•·.. :1 3.
8

1 0.0 I
3.95/ 2.0514.1 4.1

!AYWaO. :3.17 I 1.96 I
St~. Dev. 2.28 ! 2.61 I
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