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NOTICE 

The contents of this report reflect the 

views of the Office of Transportation Lab

oratory which is responsible for the facts 

and the accuracy of the data presented 

herein. The contents do not necessarily 

reflect the official views or policies of 

the State of California or the Federal 

Highway Administration. This report does 

not constitute a standard, s~ecification, 

or regulation. 

Neither the State of California nor the 

United States Government endorse products 

or manufacturers. Trade or manufacturers' 

names appear herein only because they are 

considered essential to the object of this 

document • 
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•• 
INTRODUCTION 

' 
When the performance of portland. cement concrete pavements 
(PCCP) is deemed less than desirable, the solution may be a 

change in design or construction procedure. Over the 
years, California has constructed numerous experimental 
feaiures in paving projects representing various proposed 
changes. The research described in this report was initi

ated to evaluate some of those experiments and provide 

background for implementation purposes. 

This report is divided into four parts. Part I deals with 

a continuously reinforced concrete pavement (CRCP) and 

other experimental features intended as design improvements 

to reduce pavement maintenance costs. 

Part II covers trials with four different types of joint 
sealant materials. It also reports on the first edge drain 
installation in California for the purpose of removing 
infiltrated surface water. 

Part Ill reports on experimental shoulder treatments, the 
prime variable being PCC shoulders. 

Part IV deals with other experimental features incorporated 

into construction projects under the FHWA Construction
Evaluated Research Program (formerly Category 2 projects). 
These features include: 

l. Bridge approach slabs constructed (during pavement 

rehabilitation) with various accelerated-set concrete 
mixtures • 

• 
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·· 	 ·2. f'tfe tise of ·dsphalt treat·ed permeable base (ATPB) as 

botti· a drainage rayer and a base for PCC pavement. • 

• 


3'. Ttie· use of a: cement t'reated permeable base (CTPB) in a 

ti'fg.hw·ay roadbed' structural' section as a dra·inage layer for 

g'rou·nd · wa'ter· control. 

Pr'eVj'oi.is' R'eports R'el'ated T'o This Project 

Tl>'fo' pfe'vious· repo::rts· c·oncerning Part I have been published. 

f·h·e· fi rs·t, "R·eC:errt Ex:p·eri men·t a l Pee· Pavements in 

Cali'forn;.a,u was published' in 1973 and covered construction 

deta•Hs wt\ich beg·a·n i'n t'lay 1971, and early performance 

tlfr'ough N•ovember 1972. The second, "Performance of Experi

me·n•ta'l PCC P'aveme'irt Secti:O"ns.," was published in September 
" 191'8' a•rid c·ove r·ed :p·erfo rman·:c e from 19 71 to 19 7 8. Sorne 

d'efa'i'l's from these re·ports are presented here to provide a 

oette'r u·rt•ci'entand;i•ng of the project. 

t'he plir"'pose of the' stody was primarily to evaluate continu

d~sly reinf6r'ced concrete pavement (CRCP) but four other 

exp'er'ime·ntal designs .were included for comparisons of 

pefforrnariC:e a~d C:ost. Some 9 miles of CRCP was placed, 

with about f mile sections of the other four variables. 

~pptoximately one half of each variable was placed in each 

travel direction. The CRCP was further broken down into 3 

type~ of reinforcement. Section 1-A contained longitudinal 

bafs o~ly~ Sectiob l~B had both longitudinal and transverse 

~eiftforc:ement, and Section 1-C contained welded wire fabric 

in the form of mats approx·imately 8x40 ft in size. 

the tRCP wa~ placed during the period May (9 through 

Jbne 19, 1971: Law temperatures during paving ranged from 

45 to 55"'· ~igh temperat~res were from 68 to 90"F. Daily 
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• 
temperature variations of 20 to 40°F were considered con

ducive to early thermal cracking. Yearly temperatures in 
the area range from about 20 to 115°F. There were after
noon rain showers on two days while paving Section 1-C 
southbound, but not enough to disrupt the paving operation. 

Rainfall in the area averages only about 10 to 15 in. per 
year with approximately 80% occurring between November and 
March. Winds were normally calm in the ·mornings but 
increasing to 10 to 15 mph in the afternoon. On one day 

while paving Section 1-B southbound, the wind was measured 
at 18 mph in the morning and 35 mph in the afternoon. 

In Section 1-A, the longitudinal bars were placed on the 

base ahead of the paving machine, lapped 20 in., and tied. 
The tied laps were at staggered intervals across the road
bed. Bars were fed through tubes on a frame designed to 
place the steel at the proper.depth. Measurements on cores 

taken through the hardened concrete over the steel indi
cated most of the bars ended up lower than planned, an 
average depth of 0.46 ft. This resulted in less cracking 

(but slightly wider cracks) than in the other reinforced 
sections where the depth of reinforcement was within the 

prescribed limits. 

The steel in Section 1-B was set on chairs, so no problems 

were encountered in obtaining the proper depth. 

In Section 1-C, the wire mats were lifted by crane onto the 
freshly placed concrete in staggered intervals (about 4 

ft), tied together at 16 in. laps longitudinally and 8 in. 

transversely, then depressed to the proper depth by a 
machine following the paver. On occasion, the depressor 
bars would catch on the steel mats and pull them forward, 
breaking the ties and displacing one or more mats. When 

• 
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detected, these w'ere corre~ted immediately, but later, wide 
cracks were found to be caused by lap failures. Before the 
contract was accepted, a total of 57 such lap failures were • 

• 


located and repaired. A few more were subsequently found 
but were· not as s~rious and have never been repaired. 

A series of lug type terminal anchors were used at the ends 
of the CRCP sections at bridge approaches. The lugs were 
intended to restrain.the movements of the slab ends and 
prevent excessive pressure on the structure abutments due 

to th~rmal expansion. No problems have occurred at the 
approa~hes so the'anchors are deemed to have been 
successful. 

Tests for strength of the concrete entering the project 
gave results as follows: 

28 Day Comp. St r. 7 Day Flex. Str. 

PSI PSI 
'Control 3850 670 
CRCP 38:50 655 
High Strength 4&00 810 
Concrete Baos~ 3050· 580 

Te·sts for Modulus of Elasticity were not made. Construc
tion cost data w•~ toltected wfth the cooperation of the 
Contractor. Indi~ect costs such as those involved in 
maintaining hau·T roads for batch trucks, are included. 

Overtime salaries were re.du.ced to straight time for com
paris.o·n purposes, and tnclu:d'ed fringe beneffts payable by 

t he• Contra.c.to:r·. 

Unit costs of the concrete pave·ment include charges for 
ag.gre·gate a·nd .haul'ing· to tire batch• plant, cement, batch 

4 
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plant operation, hauling concrete to the grade, paving, 

finishing, curing, installing the insert for the longitu

dinal weakened plane joint, and sawing transverse weakened 

plane joints (where applicable), including all men and 
equipment. In the CRCP sections, charges for excaiating 
terminal anchor lugs are included as well as the costs of 

reinforcement, material, shipping and placing. A summary 
of the cost comparisons is shown in the following table. 
The base for cost comparisons is the control portion of the 
project within experimental limits. Since some of the 

experimental sections were at the longest haul distance, 
average haul lengths were used in cost computations, both 
for nonreinforced and reinforced sections. 

COST 
PAVEMENT AREA, SQ.YD. (% OF CONTROL) 
Control 85,390 100 
Short Joint Spacing 16,170 102 
7.5 Sacks Cement 16,130 114 
0.95 Feet Thickness 13,570 134 
Longitudinal Bars Only 27,700 158 
Longitudinal and Transverse 51,520 159 
Welded Wire Fabric 51,250 183 

There were no significant performance developments during 
the early years of traffic service. 

A report concerning Part II, "Performance of PCC Pavements 
in California," was published in February 1978. Subjects 
covered in the report included (1) longitudinal and 
transverse weakened plane joints with a discussion of 

construction by sawing and by plastic insert, and effects 
on performance; (2) rating of pavements by use of the 

Roadmeter; and (3) various joint treatments and sealants. 

• The latter subject is the only one connected with the 
present project. 

5 




j.,' 

Norm·i!.l practice in California was to seal joints only in 
mounti!in areas wh~re pavement sanding for ice control is 
expected. In 1974,. at the urgi-ng of Contractors and joint •

sea.l mil.terial supp'liers, a· construction project in the San 
Francisc;_o Bay regton w<ts modified to include 1000 ft 
sectiqns (~lanes wide) of various ~oint seal materials and 
certa,·i:n vari•ations of installation procedures such as 
resawing old pla,st;ic insert joints and sealing sawed joints 

without resawini for proper shape factor. Since it was the 
State's contention that joint seals would not be effective 
in p-reventing water frow ~etting under the pavement (which 
is considered to lead tq PIVement deterioration), a 1000 ft 
length section of •pl-astic l?,ipe eqge drain was also 
installe-d, complete with oqtlets every 100 feet, 

~...-. 

Although therg Wl~ the us~ll problem of waintaining the 
proper dgpth of the liquid sealants, a more serious problem 
wa.s created by the wind blqwi ng dust and sand onto freshly 
cle-!ln,ed and primgq joint fi;lce-s or on newly placed seal ant 
at t:he intersections of trg_nsverse and longitudinal joints 
where more sealant was to be placeq and bonded to the older 
material. 

After 3 years, there were IJ.O detectable differences in 
perform.ance. Not. surprisin~ly, however, in light of the 
blgw·ing sane\ a.nd gust, a nym.ber of adhesion (bond to 
co~crete) failures were found, although only a few cohesion 
failures. The ed~e drains were found to be quite effective 

in removinQ water"fram the pavement, with outflow from the 
drains me1sur1ng §0 g1ls/hr or more during a rain but with 
flow stopping within minutes after the rain stopped. 
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CONCLUSIONS 

Part I - CRCP and Other Variables 

After 14 years of service, the sections showing the best 
performance, based on subjective evaluation, are 1) 0.70
foot thick CRCP with both longitudinal and transverse 
steel; 2) nonreinforced pavement with very short slabs; and 
3) 0.95 foot thick nonreinforced pavement. Other nonrein
forced sections show evidence of pumping which usually 
leads to pavement and shoulder deterioration. Based on 
roadmeter roughness measurements only, the standard 
pavement with a concrete base gives the best performance. 

Part II -Joint Seals and Edge Drains 

There were numerous failures in adhesion and some in cohe
sion with all three of the poured sealants on the project. 
Water is moving through the transverse joints as well as 
through the longitudinal shoulder joint. The preformed 
neoprene seals also have many adhesion failures, and 
pumping is occurring through them as well .• 

The edge drain installation performed well in removing 
water from the pavement during the first three years of 
service, but became ineffective when the outlet pipes were 
inadvertently destroyed by landscaping crews. 

Part III - Concrete Shoulders 

The concrete shoulders and adjacent pavement are performing 
satisfactorily. The sections with the shoulder ti~d to the 
mainline pavement and having all pavement and shoulder 
joints sealed are considered to be performing best. The 

• 
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fu1l depth asphalt concrete' (AC) shoulder is also per
forming well. Th~ standard 0.3 foot thick AC shoulder is 
satisfactory in sdme areas, but in others is deteriorating •

due to the pumping action of the adjacent pavement. 

Part IV - Constru~tion-E~at~~t~d Proje~ts 

Bridge approach sfabs constructed with epoxy coated rein
fdrci ng steel and concrete containing calcium chloride are 
performing satisfactorily after six years service. The 
no.nreinforced slabs wdth calcium chloride concrete are also 
performing well, but have Feceived no truck traffic. Con
crete slabs made With calcium aluminate cement are not 
conSidered satisffctory due to the presence of 2 or 3 

cracks per sla•b. 

Concrete ~avement'constructed over ATPB is performing well 
after five years. Cracking is occurring in the shoulders 
in· co·ntig.uo·us control area·s, but not in those adjacent to 
"the AlP'S. 

CTPB placed in 19'80 is performing well as a drainage 
blanket under the PCC pavement (see Performance Update 
section of this Feport}a 

---~·. ' 
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• 
IMPLEMENTATION 

Edge drain construction has been adopted by the California 

Department of Transportation (Caltrans) as standard prac

tice on new highways as well as on many rehabilitation 
projects. The use of _treated permeable material with 

asphalt or cement binder also has been adopted as a drain
age layer and as a base for PCC pavement. Specifications 
in the form of special provisions have been written for use 

in projects where a permeable m~terial is needed. 

A closer joint spacing has also been adopted, although not 
as close as those constructed experimentally on this 
project. Current plans now specify repetitive spacings of 
12, 15, 13, and 14 feet. 

... . ..' 

. 
··,·' ·' 
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• 
PART I - CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

Engineers have long looked ror pavement designs and mate

rials that would result in high performance, low cost, and 

low maintenance pavements. Leaders in the steel industry 

believe that CRCP provides the answer. Thus, in 1971, 
several sections of CRCP were constructed as part of a 
Caltrans paving contract. Four other experimental designs 

were also selected as possible alternatives to steel rein

forcement for improving performance and serviceability. 

Location of the project is on Interstate 5 in San Joaquin 

County, east of Tracy and just north of the I-5/I-580 
Interchange. I-5 consists of two 12-foot lanes in each 
direction. All variables were placed in both the north
bound and southbound lanes to avoid possible performance 

differences should traffic in one direction be different 
from the other. See Figure I-1 for the layout of all the 
test sectjons. 

A portion of the project was the California standard (at 

the time) unreinforced concrete pavement design which was 
used as the "control" when evaluating the performance of 
the experimental sections. The structural section for 

these control sections consisted of 0.70 foot PCC over 
0.45 foot Class A cement treated base (CTB), all over 
layers of aggregate subbase. The CTB was plant-mixed and 
placed with a slipform paver. With this procedure, no 

trimming or excessive manipulation of the CTB was required. 
It was believed that the surface of this layer would be 
more durable and erosion resistant than that of CTB mixed 

in place on the grade, spread and compacted, then trimmed 
to grade • 

• 
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( 1) 	 Control Section - ( 2) Short Transverse Joint .(·

Standard Transverse Joint Spacing: Repeating Sequence 
Spacing: Repeating Sequence of 8'-11'-7'-5'
of 13'-19'-18'-12' 

(1-A) longitudinal Bars Only (3) Higher Cement Content 
C~CP Increase Cement to 7.5 

Sks./C.Y. from 5.5 Sks. 

(1-B) 	 longitudinal & Transverse Bars (4) Extra Thickness 
CRCP From 0.70' to 0.95' ''"~' . 

(1-C) 	 Welded Wire Fabric (5) lean Concrete Base 
CRCP 

~~ 

..... ..... 

s 	 CONTROL lA II IC 
3152' 	 11,191 5551' 82151 Ill!'lz3~'~25~' I I "~··I 	 I I I 

0 EUEl O.H. _.,N_.Calif A~ueduc t Rll 132 	 1111 35 

IC 18 lA COftTROL 
11,511 11,052' 5028' 10,556'I I I I 	 I~oo' Iz:oa·l z:oo' lz:o!' I 

STA ill su 	 STA 
122 	 402 028 

Note: 	 I foot = 0.3048 m 

lAYOUT OF TEST SECTIOH5 
Figure I-1 



• 
Continuously Reinforced Concrete Pavement (CRCP), Section 1 

The thickness designated for CRCP was 0.70 foot, the same 

as that used in the control area. Longitudinal reinforce
ment was 0.56% of the theoretical cross-sectional area and 
was to be located 0.25 to 0.35 foot from the to~ surface. 

\hree different types of reinforcement were used - longi

tudinal bars only (Section 1-A), both longitudinal and 
transverse bars (Section 1-B), and welded wire fabric made 

from deformed bars (Section 1-C). 

In Section 1-A, there were 44 No. 5 round deformed bars 
spaced at 6-1/2 in. in the 24-ft width. Longitudinal 

reinforcement was the same in Section 1-B, but also had No. 

4 bars placed transversely at 60-in. centers measured 
longitudinally. Transverse bars were set to proper grade 
on metal chairs with the longitudinal bars tied on top. 
The specified minimum yield strength of the longitudinal 

reinforcing bars was 60,000 psi. 

The wire fabric section was made of D-19 (0.19 sq in. 
cross-section) longitudinal bars spaced at 4 in. welded to 

D-6 (0.06 sq in. cross-section) transverse wires spaced at 
6 in. The specified minimum yield strength of the steel 
making up the fabric was 70,0_00 psi. 

A longitudinal insert type weakened plane joint material 
was placed between the 12-foot lanes but no transverse 
joints were formed in the reinforced sections. Where 
contact joints were necessary, such as at the end of a 

day's paving, additional steel was used to provide twice 

the normal reinforcement across the joint • 

• 
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·s)1·ort' ·s'lal{s,. s·~cti''oir t 

For t'his section, r·epetftive· intervals of a series of 8, •
11, 7, a·nd· 5 feet (tot'al 3t: feet) were used, compared to 
th·e th·e•n stand'ard intervals· of· 13, 19·, 18, and 12 feet 
(total 62 feet). A11 joi nt·s were skewed counter·cl ockwi se 2 

feet in' 12. It was reasoned that i'f these weakened plane 
joints could be ma'de t·o cra·ck through the slab, the 
resultant' tig~ter t·r·a·cks sti'ould provide better aggregate 

interlock a·nd· road' t'rans'fer· as well as higher resistance to 

int·r·us ion of· forefgn ma't:e·rfa·T.· 

Th·e cement' conten·t' of the pa·vem•e·nt· co·ncrete was increased 

to 7".5' sa'cks· per·· t•ubi''C: y·a.f"d' from the 5.5 sacks used in the 

con·crete for t:iie· r<emlrfn·der· of the p·r·ojeet. The purpose was 

to provfde h'igli'er· c•oncrete s·trengtn, thereby reducing the 

bendfng S'tr'es:s r·aTios (r-a:t:iiO" of stres·s i'ri'duced by loading 

to fl"ex·ural s·t ren gth o·f th•e: co·n•c r·e.t e.)' a·nd increasing 

f'ati.gue life· •. lt\·e gr-eater· s•tlffness of the higher strength 

slabs was also .e'xpe•cMd' t·o r·e·duc·e loa·d deflections and 

tend:e:ncies· toe pu.mp· •. 

Tlii\s: se.ct:ion of pa'we·me•n:t w:a>s• b'uilt' to a thickness of 

o,.gs: foo•t comp..a.re•d: to• t·ne 0~. 7'0 foo:t used for the remainder 

o•f tli•eo pT·o.j'ect;.. T'fii•·s:. wa•s a:1'so pl'ac•ed' on 0,45 foot CfB·. 
D'e:ccte·ased' d·e·fiiect:fon a:n:d' rre:S'Ul't<ant: pump•i'ng act i'on beneath 

.th:e sJ'ab w.as e:·x·p·e·.c:tedi., ft. was' d:e.s•ig•n•ed to be a· "n·o 

fa't''i'g,u:e••· s·ecti'on• s i':nc.e: G•a•l<t·.u•Tate.d' St:ress ratios, even at 

th:e; fifgh·e•s·t e·xp•ec:ted lioadi:n•g;s., would' not g·reatly exceed 



• 
Lean Concrete Base (LCB), Section 5 

Lean concrete base (LCB), in lieu of CTB, was placed 
0.45 foot thick using a 4-sack concrete mix. Transverse 
joints were cut at 30 foot intervals to relieve tensile 
stresses and prevent random cracking. Since LCB is more 
rigid than CTB and has greater abrasion resistance, it was 
expected to be more effective in reducing the tendency of 
joints to fault. 

For construction details and early performance of these 
four sectioAs, see References (1) and (2) for this Part I • 

• 
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• 
CONDITION SURVEY OF EXPERIMENTAL SECTIONS 

The most recent survey of this project was made when the 
pavement was almost 14 years of age. Crack counts were 
made on sections of the CRCP, rideability was measured with 
a Roadmeter, the overall condition was noted, and photo

graphs were taken. Periodic faulting measurements have 
been made on the jointed pavements. 

Sections 1-A, 1-B, and 1-C 

The number of cracks has not changed significantly in the 

past eight years. In the sections with longitudinal steel 

only, the average distance between cracks was about 4.3 

feet; with longitudinal and transverse steel, it was 3.0 
feet; and in the wire fabric sections, the average distance 
was 2.3 feet. The wire fabric sections appear to have 

developed more map crakcing (closely spaced, tight, inter
connected cracks) than was noted previously (see Photos 1 
and 2). Photo 3 shows the repaired areas of two of the 57 
mesh lap failures detected soon after construction. 
Repairs are performing well. Photo 4 showes a wide crack 
typical of a lap failure. 

Photo 5 shows typicar cracking in the sections with both 
longitudinal and transverse steel. Photo 6 shows a station 

number that was stamped into the fresh concrete to aid ih 
locating specific areas during surveys. 

Photo 7 shows typical cracking in the southbound lane sec

tion with longitudinal steel only. The wider crack with 
spalling is attributed to the steel being inadvertently 
placed too low for much of the southbound lane, actually 

• 
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Photo I-1. 	 Typical cracking 1n tne section with wire 
fabric reinforcement. 

• 
Photo I-2. Typical cracking in the section with wire 

fabric reinforcement. Note also width of 
crack at left center • 
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Photo I-3. 	 Repaired areas where two lap failures 
occurred in wire fabric sections. 

Photo I-4. 	 Wide Crack typical of lap failure • 

• 
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Photo I-5. 	 Typical cracking pattern in section with 
longitudinal and transverse reinforcement. 

• 
Photo I-6. Station number stamped into the concrete 

when fresh to provide a reference for 
future surveys • 
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Photo I-7. 	 Typical cracking in section with 
longitudinal steel only, with steel 
placed below the center of pavement • 

• 

• 
Photo I-8. Typical crack when steel was placed at 

proper depth, just above pavement mid-depth • 
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• 
below the center of the slab for much of the distance. 
Photo 8 is also of a crack· in a section with longitudinal 

steel only, but in the northbound 1 an e. Steel placement 

techniques had been improved when these lanes were paved. 

Cant rol Section 

Although the jointed pavement with standard joint spacing 
is performing adequately, pumping is taking place that can 
accelerate deterioration. Photo 9 shows evidence of pump
ing with staining of the shoulder and depressions at the 

joints. Photo 10 is a close-up of a depression, and also 
shows that the shoulder has already been patched once. 

Section 2 

The condition of the sections with short slabs is consid

ered excellent. There is no evidence of pumping such as 

settling of the shoulder or stains. Photos 11 and 12 show 

the typical condition of the sections. 

Section 3 

The sections with concrete containing 7.5 sacks of cement 
per cubic yard also have a large amount of pumping evident. 
This can readily be seen in Photos 13 and 14. Measurements 
reported in Reference (1) indicated this pavement was curl 
ed upward at the joints which would allow more deflection 
and resultant pumping. With the exception of Section 2, 
with the short slabs, all of the nonreinforced sections 

• 

• were found to be curled to some degree, but not quite as 
much as in this Section 3. The reason for the difference 
in curling is probably due to the higher modulus of elas
ticity of the 7.5 sack concrete compared to the 5.5 sack 
concrete • 
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Photo I-9. 	 Depressed shoulder at joints in the control 
section due to pumping and loss of fines from 
the shoulder base • 

• 

• 	 Photo I-10. Close-up of depressed shoulder • 
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Photo I-ll. 	 Short slab length section. No evidence of 
pumping • 

• 

Photo I-12. 	 Transverse joints remain in good condition • 

• 
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Photo I-13. Note evidence of pumping and depressed shoulder 
in section with extra rich concrete. 

• 
Photo I-14. Typical depression at joint • 
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• 
Section 4 

The extra.pavement thickness appears to be working as 
planned. The sections are performing well with no evidence 
of pumpi.ng (see Photos 15 and 16). 

Section 5 

Like the control sections, the lean concrete base (LCB) 
sections are performing adequately, but as seen in Photos 

17 and 18, pumping is quite evident. 

Roadmeter Measurements 

Rideability for the 1985 survey was measured with a 
Caltrans Division of Highway Maintenance Roadmeter which is 

used in biannual surveys of all California state highways. 

Previous measurements were made with the Transportation 
Laboratory Roadmeter which, unfortunately, was taken out of 
service without a calibration reference to the maintenance 

equipment. For comparison with roughness of previous 
tests, present serviceability index (PSI, see Reference 
I-1) calculations, based on ride only, were made from the 
same curve established. for the previous measurements at six 

years of age. Results are shown in Table I-1. 

• 

While the values do not appear to fit in all cases when 
compared to the previous measurements, they are considered 
to provide relative roughness values. Southbound 
Section 3, with 7.5 sacks of cement per cubic yard, had the 
roughest ride of all the sections. The surprises, based on 
expectations from the subjective evaluation, were the 

southbound section of short slabs and both extra thick 
pavement sections. These had been considered to be the 
best performers • 
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Photo I-15. Extra thick pavement - no evidence of pumping. 

• Photo I-16. Similar to I-15 • 
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*The Roadmeter and vehicle used for the 14 year measure
ments are different from those used for the previous 
tests. The PSI was calculated from the same curve used 
for the 6 year tests. Though the validity of the actual 
numbers may be questioned, the relative values are 
considered accurate • 

• 
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s'ect'ri>·rr 5, wfth tli'e' re·an co'ncrete base, is shown to have 

th'e Te'ast r'o•ughn·ess, e·ven though considerable pumping is 

taking. p·l ace• •. • 
traffic 

The latest ava:Ha5Te traffi'c infor·mation (1983) for this 
project in'dica·tes. that the 2-w·ay average annual daily 

tra-ffic is about 9·,000 vehfcles a day with 1,800 trucks. 

This i.s co·ns-iderabTy le:ss t'h'a·n had been anticipated. 

Eault iri'g. 

Faurt·i'ng o•f th·e· jo:in·ted' p·a·weme·nts is relatively minor in 

all s·ectioli"S, with' maxfmum· m'E!'CI'sur·eme·nts ranging fr·om 0.06 

i'nch to O\o··g inch. H'oweve•r·, th•e ma~xi'lnum for the short slab 

s-ections fs. al:l-out 0'.03' inctl•,, a• sign-ificantly lesser amount. 

Si nee' there• ar·e· tWi'ce· a'S· nra'nY' jo·i nts in 'these sections as 

i'n the' stand·a,rd SjJ·a·,ced• s·ec.1tf•ons•, tile· total faulting in 

fncn·e•s• p.er m·fl'e wo:uld' p•robla•tfl'y; b·e a::bout th·e· same, but 

rfd'i n•g. quality wou•l'd b'e· exp'·ee·ee:d' to• be mu•ch better with the 

s ho•rf:er sl'a:ti·s •. 

Rout:i'ne· rri'ai'rf.te:n'a·rrc:e h·a·S· fn·aTuded• mud ja:cki ng to ratse 
deopre·ssed sl'a'b·s· at·cul'verts• and bridge approaches. Two 

l o·n·ger depr'esse·d s•e·c.ti•O'ns we·re smoothed with AC overlays. 

A fe-w• sectfon-s• whi•cli app.e·a•.r"ed' to be s•pa·Tled due to fabric 

.1 ap f'a.i Tures were' jJ:atcfi·e·d w·i•t:n· AC.. s·houlder areas where 
vo·i·ds llad occurred: due to p:u.m·pfn·g· wefe filled with asphalt 
concrete. 

-
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• 
Summary 

Because of the low traffic volume, it is difficult to make 
an accurate .evaluation of t.he individual experiments. 
Since all sections are performing adequately, it would not 
seem advisable to use reinforcement which adds some 60 to 
80% to the cost of the pavement (based on construction cost 
figures). The short slab proposal might be considered 
worthwhile since 1) figures indicated only about a 2% 
increase in cost, 2) the joints stay tighter and, 

therefore, let less debris into the joint, and 3) less 
severe faulting occurred where the short slabs were used. 
The lean concret~ base is considered to have performed well 
but, alone, cannot prevent faulting. The untreated 

shoulder still provides a source of fines that eventually 
leads to a buildup under the approach side of the joint and 
thereby results in faulting • 

• 
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• 
PERFORMANCE UPDATE 

Because interior corner breaks were noted while traveling in 
the area, a new survey was made of the project in the spring 

of 1987. 

Sections 1-A and 1-B 

No apparent change since the last survey. No pumping is 

evident. 

Section 1-C (Wire Reinforcement) 

Southbound Direction 

At one location, a section of pavement approximately 12 ft 

by 12 ft had been removed and replaced with AC (see Photo 

IA-1). The reason for the failure is not known, but is 

probably associated with the lap failures which occurred 
during construction. No pumping is evident. 

Northbound Direction 

No apparent change since the last survey. No pumping is 
evident. 

Control 

This section still shows signs of extensive pumping 

evidenced by stains on the shoulder in the joint area. A 
few interior corner breaks are now occurring, and one crack 
was found on the obtuse angle rather than the acute angle 
where they are usually found (see Photos 1A-2, 3, 4). About 

half of the 18 and 19 ft slabs have transverse cracks, 

• 
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Photo IA-1. 	 Pavement portion replaced with AC. 
Wire Fabric,Section 

• Photo IA-2. Typical corner break • 
Control Section 
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Photo TA-3. Typical corner break. 
Control Section 

• Photo IA-4. Obtuse angle corner break • 
Cont ro 1 Section 
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• 
mainly near the midpoint of the slab. These occurred early 

in the life of the pavement, but have generally been ignored 

or accepted as inevitable. One portion approximately 100 ft 
long has been overlaid with AC. 

' Section 2 (Short Slabs) 

Southbound 

While this section was considered to be in excellent 

condition during the previous survey, drastic changes have 
occurred since that time. There is evidence of extensive 
pumping and some 40 interior corner breaks were found in the 

3150 ft section, all in the 11 ft slabs. That is approxi
mately 40% of all the slabs of that length. In addition, 

there are a number of incipient cracks that will eventually 
break completely through (see Photos 1A-5, 6, 7, 8). 

·Northbound 

No corner breaks were found and pumping is relatively 
slight. 

Section 3 (7.5 sk cement) 

Southbound 

The most significant change apparent was the finding of 26 
interior corner breaks in the 3150 ft section. Most of the 

18 and 19 ft slabs have cracked transversely at midslab (63 
cracks in 2000 ft) • 

• 
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Photo IA-5. Corner break in short slab section. 
Note depression of slab• 

• 
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Photo IA-7. 	 Corner break and shoulder depression. 
Short Slab Section 

• 
• 

Photo IA-8. Incipient corner break. 
Short Slab Section 
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• 
Section 4 (0.95 ft thickness) 

Southbound 

This section still looks very good. A slight amount of 
pumping can be detect~d, however. A total of 14 transverse 

cracks were counted in this 2350 ft section. 

Northbound 

The section looks good with no pumping evident. No 

transverse cracks were found. 

Section 5 (Concrete Base) 

Southbound 

Considerable pumping is evident. A total of 53 transverse 
cracks were counted in this 2350 ft section. 

Northbound 

Condition is similar to above. There were also 53 
transverse cracks in this 2900 ft section. 

Traffic 

Traffic is increasing each year but is still relatively 
light. Data for 1985 shows 11,000 2-way ADT with 2090 
trucks. This would be equal to about 1.6 million equivalent 
single axle load (ESAL's) per year. Total loading from 1971 

through 1985 is approximately 12 million ESAL's • 

• 
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Fau 1tin g 


Faulting is still slight on all the nonreinforced sections. 
 • 
Only two of t.he test sections (control and 7.5 sk cement 
sections in the southbound' lanes) have reached 0.12 inch 
stepoff whith is considered to be approximately the level 
that is noticeable to moto~ists. None of the other experi
~~ntal sections h~ve faulting exceeding 0.10 inch. The 
concrete base and short slab sections are still the best 

performers With fiulting not exceeding 0.05 inch (see 
Figures I-2~ 3). · 

R~~dmetet Re~ults 

The Maintena·nce Division's biannual pavement condition 
survey was completed on this highway portion in April 1987. 
However, the four short sections in each direction were not 
run individually w1th the k~admete~ so the results cannot be 
fully evaluated. It does ~ot appear that there were any 
sighific~nt changes in th~ faughness of these sections from 
the 14-jear results. Neit·~er were there any significant 
changes in the reinforced ~ections or the northbound con
trol. The southbound cont~ol section had a PSI of 3.40 
compared to 3.65 at 14 years.· The lower value is probably a 
result of the numerous corner breaks now present. 

Sll~rtra'ry 

· Th•e deterforatia·n •' in perfo•rmance of the short slab sections 
in th·e s6U'thbound d'i recti on had evidently started before the 
survey of 1985 as i ndi'catea by th·e 1ow PSI value (Table 
I-1), even though there was no visfble evidence. However, 
for such drastic 2hanges to have taten place during the past 
tw'o years suggests a major cha·nge in some conaition which -
-
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PAVEMENT JOINT FAULTING 
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• 
affects performance. The most likely cause is the extremely 
wet season of 1985-86 in which rainfall was about double 
that of normal. The nonreinforced sections in the south

bound lanes are at the southern end of the project where the 
westerly lanes are more low-lying and likely to be slower 
draining than those on the opposite roadway at the north end 
of the project (see Photos IA9, 10). For the broken po~

tiens of slabs at interior corner breaks to settle as much 
as they have, it would seem that considerable pumping and 
removal of material has had to take place. Broken slab 
removals at other locations have shown that there is no 

significant loss of surface of the cement treated base. 
This suggests that some of the subbase has been removed, but 
this aspect has not been examined. The reason for this 

settlement has not yet been determined, but would seem to be 

a function of impact loading on the acute angle upon leaving 

the previous slab. 

The numerous transverse cracks in some sections and the 

relatively few in others appear to be at least partially 
connected with environmental conditions. Where more pumping 
takes place, more cracking occurs, evidently from loss of 
slab support. The extra strength concrete did not seem to 

slow the cracking, but in the section of extra slab thick
ness, cracking was reduced considerably. While the extra 
thickness sections have lower PSI values than most of the 
others, they exhibit less deterioration in the form of 

pumping and cracking. 

The transverse cracking in the longer slabs on this and a 
few other projects led to a reevaluation of California's 

specified joint spacing. As a result, joint spacing was 
changed from repetitive spacing of 13, 19, 18 and 12 ft to 
12, 15, 13 and 14 ft. This appears to have greatly reduced 
the transverse cracking problem •• 
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Photo IA-9. 	 Low-lying area -slow draining. 
Southerly end of project. 

• 
Photo IA-10. Higher fill area. Faster draining.

Northerly end of project • 
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• 
PART II - JOINT SEALS 

• 


California does not routinely seal joints in concrete pave

ments except in mountain areas where snow removal and sand
ing are ~xpected. It has long been the contention of state 
engineers that the practice is not cost-effective. In 1974, 

Caltrans was persuaded by a group of contractors and 

suppliers to pla~e a number of sealed joint sections in a 
nonmountainous area on an experimental basis. 

The site selected for the experiment was on I-680 in 

Milpitas, Santa Clara County, near the San Francisco Ray. 

The highway consisted of four f2-foot lanes in each direc
tion. The sea·lants selected were, 1) a hot pour ma·terial 

meeting Federal Specification SS-S-1401; 2) a polyurethane 

sealant; 3} a hot pour elastomeric polymer type and 
4) preformed neoprene compression seal. Test sections were 
1,000 feet in length. Following are some of-the details of 
construction, as reported in Reference (Il-l). 

Transverse Joints Only. 

1. Immediately folTowing sawing, a fiber welt cord was 

installed in top of the transverse weakened plane joints, 
Between 3 and 7 days after sawing, the cord was rolled to 
the bottom. The joints were then cleaned with compressed 
air and filled with·Sealflex 1401. The Contractor's esti 

mated cost was $0.15 to $0.20/lin. ft. Actual cost was 
$0.30/lin. ft • 

• 
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2··.. s:aw· cu:t:s: wl!·r·e wide·n.ed a•n·d: de.ep-e·ned to 3/8 in. and 1-1/4 •
tn·'··, r·~s'p·e·ct fv·e T'y·,,. th·ew s-.an•d'bl•a·s•t e·d a:nd· clean e·d' •. A 1/2 i n. 
d'ta:m·et'e'r Eflt:p,a·rrd'e·d' Cl'os:ect ce;l"l n:eopr·ene rod was· in·stalled· in 

t-he· b·ot:t:o:nr of t.h·e sa·w· cut, the s;id'e·s we·r-e primed, the joint 

was- s>eaYiled' w:ft:fr s•e:alfl;e·x: 3·9',. a·. p•olyuret·h·ane sea.lant. T<lie 
C'ontr·aceo•r·'s:: es;tfmate·d' co:st• wa>s $'0.5'0: to $0.60/li n. ft. The 
crc:t:u:a:;l' co;s.t W1a:s: $·l.J.l5Il\i·n.•. ft. 

3'.. s·a·w cwfs• w·e:r·e· wi'd:en:ed', deepe·ne·d' a·n:d: cleaned as in No. 2 
aB·ove.-' A• I['l in•. <fi'am·e:t.e·r· fiibe·r· w•elt CO'rd was installed in 
t'he' b'ott:onr of th,e· s:aw· c:ut. rerrd t~he j:&iint was sealed with 

S;E!'a·l'fle:x li4'1H:, line· Co·n•tra:ctOlr'·s e·sti'mated· cost wa·s $0.38 to 
$0.4S·J!l>fn;•. ft... Trfre a.ct.wali c:o;st· was. $0. 79/lin. ft •. 

4'. s·am·e. a·s No •. 3' abo.v:e, ex;c·e:pt jO'fnt seal ant. was Superseal 

444,. an• elasctom:e·•rtc po·l'yme"t' t.yp·e. The Contractor's esti 

nrati!.d· co·st was $0.4'0 to $0' ...50i/l'in. ft.• and the actual cost 
waS' $1'~0:-I/H n•. ft • 

5. J'ofnt groove·<S were a!ft t<:t· a w:fd.th to accept 5/16 in. 
prefor·med elastome·r'i'c join.t. s•eal. Joints were sand'bl as ted, 
C:learre·d arid prime·d bef·ore $O:lant installation. The 
Contractor's esti-mated pri:ce was $0.50 to $0.60/lin. ft. 

Tile: actua·l co·S't w·a:s $0'.51/l~n:., ft •. 

6, Saw cuts were irra:d"e: thro:u:g:h plastic insert joint material 

too form a 314 by' .11-l/4 in·•. reservoir. Because of tile 

d'fffi;cu.lty and expanse of s:.a:wing, the· section was reduced to 

500: f't. A,fter saw'ing. tre-a,tment was the same as i.n No. 2 
aoO'v€!. for s·ealflex 39. On: one ha.lf of this section, the 
oate·F shoulder j'oi'nt was al\so cu·t and sealed with the same 

ma·tei:"ial. The Contrac:tor's estimated price was $0'.50 to 
$0~10/Tin. ft. an~ the actual cost was $1,06/Tin. ft. --
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• 
7. This was the same as above (ihcluding shorteni~g section 
and treating one half the shoulder joint) except the joints 
were sealed with Superseal 444. The Contractor's esti.mated 

price was $0.40 to $0.50/lin. ft. The actual cost was 

$0.91/lin. ft. 

Evaluating performance was expected to take a number of 
years, but problems encountered during the sealing process 

were anticipated to have an adverse effect on performance. 
Maintaining the proper sealant level (1/4 inch below the 
pavement surface) proved quite difficult and a number of 

joints were overfilled. Also, strong winds blew dust and 
sand almost every day, making it very difficult to keep the 
joihts clean until sealed. This created bonding problems 

when adhesives were used and at longitudinal and transverse 

joint intersections where sealant was placed in one direc
tion, then later in the other direction. After three years 
service, a number of adhesion failures (bond to concrete) 
were found, along with a few cohesion failures. 

It was the contractors' contention that the joint seals 
would prevent water from getting under the pavem~nt and 

causing pum~ing and faulting. It was Caltrans' belief that 

joint seals were not completely effective in preventing 
water entry and that a positive means of removing infil 
trated water from under the pavement might be more cost
effective. To test this theory, Caltrans personn~l 

ins(alled a 1,000 foot section of drainage pipe along the 
edge of the pavement at the base-pavement interface, the 
first such system in California. The pipe was 1-1/2 inch 
PVC with two rows of slots at 1/3 points. Unslotted outlet 

pipes were placed every 100 feet to remove water to the 
outside of the shoulder. After three years, the drains 
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were still work-in~ effectfi'ely. Flow measurements at· the 
outlets indicated that water was being removed at rates as -high as 60 gallons per hour. 

The most recent surveys of these experimental sections was 
made after almost-11 years of service. The survey 
consisted of a subjective evaluation and photographs. 

Federal Specification SS-S-1401 Sealant 

There were two se6tions placed with this material. In 
Section 1, joints were for~ed by sawing initially, but not 
widened for the sealant. While both the pavement and 

shoulder Ire performing satisfactorily, some of the sealant 
is missing from m'ny of the joints. Some pumping is 
evident in this section (see Photos 1 and 2). 

In Section 3, joi~t and shoulder performance are much 
better. While th~re is some sealant failure, both adhesive 
and cohesive, the sealant appears to be staying in the 
joint and keeping out much Gf the sand, gravel and other 
debris. Photos 3 and 4 show typical conditions of this 
section. Some pumping is evident, but it is minor compared 
to the first ·section. The shoulder joint was not sealed. 

Elastomeri_c Polym~r Sealant 

The. hot-pour el as tome ric polymer seal ant was also placed· in 

tw,o differe.nt sections. In Section 4, there are some seal
an.t failures and missing s'ealant. Pumping and shoulder 
depressions. are typically noted near most joints (see 
Photos 5 and 6). In Section 7, the ·integrity of the seal
ant has been damaged, with some mate~ial missing. Pumping 
with shoulder depression is quite evident (see Photos 7 and 
8). 
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Photo II-1. Joint not widened, but sealed with SS-S-1401 
sealant. 

• Photo II-2. Close-up, same as II-5 • 
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Photo II-3. Transverse joint sealed with ss-s~l401 
sealant • 

• Photo II-4. Close-up of sealed joint. 
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Photo II-5. 	 Widened saw cut sealed with Superseal 444 
sealant 

• 

• 	
Photo II-6. Same as above, note depressed shoulder • 
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Photo II-7. 	 Insert joint routed and sealed with 
Superseal 444 sealant • 

• 

• 	 Photo II-8. Same as above, some sealant missing • 
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• 
Polyurethane Sealant 

Some failures are also occurring in the polyurethane seal

ant in Section 2. Pumping is quite severe in this section 
which is located in a cut area (see Photos 9 and 10). 
Section 6 is downhill from a structure fill that appears to 

have a spring in it as water comes out of the joints at 

lower locations for much of the year. Although most of the 
joint material was still in place, water pumping through the 
joints and shoulder area had damaged the integrity of the 

sealant and there were both adhesive and cohesive failures. 

Photo 11 shows the shoulder seal in place. Photo 12 shows a 
depression of the shoulder near the joint. An asphaltic 

material had already been used to fill this depression. 

Preformed Neoprene 

The preformed neoprene seals still appear to be in good 

shape although there are numerous adhesive failures. How

ever, there is evidence of pumping and the shoulders are 
depressed at some joints (see Photos 13 and 14). 

Edge Drain Section 

While the section with edge drains is performing satisfac
torily, there is evidence of pumping as seen in Photos 15 
and 16. Shoulder damage is fairly slight, however. Unfor
tunately for evaluation of this experiment, about three 
years after construction, the outlet pipes for the edge 
drains were destroyed by landscaping crews. No attempt was 
ever made 'to reestablish the drains • 

• 
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' Photo II-9. 	 Widened saw cut sealed with polyurethane 
sealant. 

• 	 Photo II-10. Same as above, note pumping stains at joints • 
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Photo II-11. Shoulder joint sealed with Superseal 444 
sealant. 

• Photo II-12. Shoulder depression partially filled with 
an asphaltic material. 
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Photo II-13. Joint sealed with preformed neoprene 
compression seal. 

• Photo II-14. Same as above, note depressed shoulder • 
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Photo II-15. Area of edge drains. Note pumping stains at 
joints. 

• Photo II-16. Same as above • 
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• 
Control Section (Joints Not Sealed) 

In areas with no joint seals, the pavement appears to be 

performing as well as with joint seals. Joints look good 
with no significant spalling. Pumping is occurring, but the 

shoulders are not appreciably depressed. Photos 17 through 

20 show typical conditions. 

Summary 

Of the four types of joint seals used, the preformed neo
prene compression seal~ seem to have matntainBd integrity 
and effectiveness best. However, the overall performance 
of the "sealed" pavement does not appear to be significantly 

better than that of the unsealed pavement. Spalling is 
minor in both areas, and pumping with slight faulting (less 
than 0.10 inch) is occurring throughout the project. None 
of the findings from this study would indicate any improve

ment in joint or pavement performance from the use of joint 

seals. Water was not prevented from getting under the 
pavement as evidenced by all the stains from pumping. Also, 
except for Section 5 with the preformed elastomeric 

material, costs for the installed sealants were about double 
the amount estimated by the Contractor. 

While the above findings are accurate as far as this study 
is concerned, it is recognized that the test sections were 

quite short, and may not reflect true costs and performance. 
The performance may have also been affected by the s~all 
temperature differentials occurring in the area of this 

project. Undoubtedly, the blowing dust was also a factor in 

performance, but this condition may arise in any area of 
this or any other state • 
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Photo I I-17. Unsealed joint in cant rol area. 

Photo II-18: Shoulder in control area • 
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• Whether the edge drains would have been ef1 'ctive in 
improving pavement performance had they not been damaged is 
not known. Howeve~. they were quite effective initially in 
removing water from under the pavement. Because of this 
effectiveness, drainage systems were subsequently installed 
on other Caltrans contracts. When problems arose, such as 
drains becoming plugged, changes in installation, including 
provisions for cleaning, were made. As performance 
improved, drains were adopted as standard practice and are 
now required on new construction projectsr In addition, 
many older projects have been retrofitted with drains. See 
Figure II-1 for the standard plan for edge drain installa
tions and Appendix II-1 for the specifications currently 
being used by Caltrans for edge drains. 
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(Para. S is new.l 
(-aras. 2, S, 10, and 12 are revised.) 
~a. s- ~se when Type 2 cleanouts are required.)
(Para. 6- ose when 'I'.r-.:e 1 cleanouts are required.) 
wse para. ll or para. 12, l:ut not both.l 

68.20 
T-5-23-86. 

10-1. EDGE DRAINS.--Edge drains shall conform to the 
requirements in Section 68~3, "Edge Drains,P of ehe Standard 
Spe¢ifications and these special pr~visions. 

Section 68-3. 02A, "Pipe and Pipe Fitting._," of the Standard 
Specifications is amended to read: 

68-3.02A Pipe and Pipe Fittings.--Pipe and pipe
fittings for edge drains and edge drain outlets, vents, and 
cleanouts shall be of the size or sizes shown on the plans or 
designated in the Engineer's Estimate. 

Pipe installed in trenches to be backfilled with asphalt
treated permeable material shall be polyvinyl chloride <PVCl 
90° c. electric conduit, Type 40 or Type 80, conforming to the 
requirements of NEMA Specification 'l'C-2. 

All other pipe for edge drains and edge drain outlets, 
l1ents, and cleanouts shall, at•the Contractor's option, be 
either: 

· 2 

2a 

2b 

2c 

l. 1?\IC 90° c. electric conduit, Type 40 or Type 80, 
conforming to the· requirements of NE!-!A Specification TC-2, 
or • 

2. PVC plastic pipe, Schedule 40 or Schedule 80, conforming 
to the requirements of ASTM Designation: D 1785. The type,
grade, and design stress designation of the pipe shall,.at 
the Contractor's option, be either 1120, 1220, 2120, 2116, 
2112, or 2110 as specified in said ASTM Designation. 

Pipe shall be straight end or bell end. Bell end sockets 
shall conform to the requirements of ASTM Designation: 0 2672 
except for marking.. · 

2c: 

2c: 

2d 

• 
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( 2) 68.20 contd. 
T-S-23-86 

-
In addition, pipe designated as slotted on the plans shall 2e 

have 3 rows of slots in the pipe. The rows shall be in the 
longitudinal direction of tpe pipe and the slots shall be cut 
in the circumferential direction of the pipe. The 3 rows 
shall be spaced equally around the circumference of the pipe.
Each row shall have 22 (+/-1) uniformly spaced slo~s per 
linear foot of pipe, . The slots shall be 0.045-inch to 
0.065-inch wide and of such length as to provide a minimum of 
2.00 square inches of slot opening per linear foot of pipe.

Other suitable configurations of slots which provide drainage 


,equal 	to or better than the above slot requirements may be 

used if ap!:)roved in ·•wr i ting by the Engineer. 


Except as otherwi~e provided for "Y" fittings, fittings for 2f 
.PVC 90° C. electric C:onduit shall conform to the requirements 

of NEMA Specification TC-3, and fittings for PVC plastic pipe

shall be socket-type fittings conforming to the requirements

of ASTM Designation: D 2467 for Schedule 80 pipe and ASTM · 

Designation: D 2466 for Schedule 40 pipe. "Y" fit~ings shall 

be shop fabricated from pipe conforming to the requirements 

for the kind of edgedrain pipe installed. The fitting shall 

provide an unobstructed passageway through both legs of the


.Ry•. 	 , 

The third paraguph in Section 68-3.02B(2), •cement Treated 3 

Permeable Material," of'. the Standard Specifications is amended to 

read·: 	 . 

' ' Not less than 28.2 pounds of cement sh·all be used for each Ja 
.cubic yard of cement treated permeable material produced. The 

·· water.-cement ratio shall be approximately 0. 37. The exact 
wister-cement ratio will ·be determined by the Engineer. 

The third par·agraph 'Of Section 68-3.020, •Miscellaneous,• of 4 

the Standard Specifica.tions. is deleted. 


Expansion type pressure pluqs for Type 2 eleanout.s shall seat S 

firmly against the lip of the pipe and shall conform to one of· 


• tl:ie" f"o'llowing: 

Expandable plugs manufactured from neoprene conforming to Sa 
the requirements for neoprene-in Section Sl-1.14, 

·}; 
•waterstops,• of the Standard Specifications with commercial 
quality stainless steel bolts and 2 hex nuts. 

Commercial quality expandable duct plugs consisting of Sb 
reinforced polypropylene rigid threaded plug with a commercial 
quality thermoplastic rubber sealing ring. -
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• Galvanized fence post caps·for Type l cleanouts shall fit the 6 
pipe and shall be commercial quality. 

The fourth paragraph in Section 68-3.03, •Installation,• of 7 
the Standard Specifications is amended to read: 

The fabric shall be aligned and·placed in a wrinkle-free 7a 
manner. 

The tenth and eleventh paragraphs in said Section 68-3.03 are 8 
amended to read: 

Treated. permeable material ·may be spread in one layer, The aa 
material shall be compacted with a vibrating. shoe-type 
compactor connected to the spreading device. The vibrating
shoe-type compactor shall be operated only when the treated 
permeable material is actually being placed in the trench.· 

The seventeenth paragraph in said Section 68-3.03 is amended 9 
to read: · 

Asphalt concrete backfill shall be spread and compacted in 9a 
approximately 2 equal layers by methods that will produce an 
asphalt concrete surfacinq of uniform smoot:ttness, texture, and 
density. Each layer shall be compacted before the temperature
of the mixture drops below 250".•1!'. Prior to placinq 1;he 
asphalt concrete backfill, a paint binder of asphaltic
emulsion conforminq to the provisions in Section 94, 
"Asphaltic Emulsions,w shall be applied to the vertical edges
of existing pavement at an approximate rate of 0.05-qallon per
squar-i yard. 

The last paraqraph in said Section 68-3.03 is amended to read: 10 

The edqe drain outlet, vent and cleanout pipes shall be lOa 
clean at the time of installation and shall be free of 
·obstructions after installation. The Contractor shall use a 
high pressure, flexible hose with a nominal one-inch diameter 
nozzle containinq flushinq and propellinq jets. The hose 
shall be inserted into each edqe drain outlet, vent and · 
eleanout pipe and pushed throuqh the pipe with a minimum 1000 
PSIG water pressure so that the entire edqe drain system shall 
be penetrated by the flushinq nozzle. Pipes that are found to 
be pluqged shall be replaced by the Contractor at his expense,
including replacement of permeable material, surfacinq and 
backfill materials. 

Outlet and vent covers will not be required. ll 

• Outlet and vent covers consistinq of commercial quality 1/2 12 
inch mesh qalvanized metal screens or qrates with polyvinyl
chloride slip--joint nut Uttinqs shall be installed at the end of 
each outlet pipe and vent pipe. 
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( 4) 68.20 c:ontd. 
T-5-23-86 

Sec:tion 68-3.04, "Measurement," and Sec:tion 68-3.05, 13 
•payment,• of the Standard Spec:ific:ations are amended to read: 

68-3.04 Measureme.nt.--The various sizes of edge drains and l3a 
edge drain outlets, vents, and ..eleanouts will be measured by 
the linear ~oct along the lineof ~he pipe. The length to be 
paid for will be the slope length of the pipe designated by
the Engineer. Pipe plac:ed in exc:ess of tbe length designated
by the Engineer will not be paid for. Outlet pipe, vente_ pipe
and c:leanout pipe will be measured and paid for as plastic:
pipe Cedge drain outlet). 

No d.educ:tion in the lenqth of plastic: pipe cedge drain l l3b 
will be made for gaps in edge drain pipe at locations of dual 
out·let, dual vent·, or dual outlet and vent c:onnec:tions tQ the 
edge drain. 

The •y• fi ttinq· at eleanout pipes and at intermediate 13c: 
outlet eonneetions will be measured and paid for as plastic:
pipe <edqe drain outlet) between the couplings at eac:h end of 
the curved section of the •y• fittinq, and as plastic: pipe
(edge drain) between the c:ouplinqs at each end of the straight.
seetionof the •y• fittinq. 

68-3.05 Payment~--'rhe contract price paid per linear foot 13d 
for plastic: pipe (edge drain) ~or the si:e or sizes shown in 
the Enqineer's Esti111ate shall include full compensation for 

· furnishing alL labor, materials, tools,. equipment, and 

incidentals and for doinq all the work involved in 

eonstruc:tinq .edge drains, complete· in place, ineludinq

excavation <and removal of any c:onc:rete deposits that may 

oeeur along the edge of· the concrete pavement in Type 1 

installations> and asph-alt concrete backfill for Type 1 edge

drain installation, asphaltic: emulsion for paint binder, 

filter fabric:, and treated permeable material, as shown on the 

plans, as specified in these specifications· and the spec:ial.

provisions, and as directed by the Engineer. 


The contract price paid per linear foot for plastic: pipe l3e 
Cedge drain outletl'of the size or sizes shown in the 
Engineer's Estimate shall in.elude full compensation for 
furnishing all labor, materials, tools, equipment, and 
incidentals and for doing all the work involved in 
constructing edge drain outlets, yents,. and·eleanouts, 
complete in plac:e, including outlet and vent covers when 
required, cleanout caps and expansion plugs, pavement markers, 
c:onex:ete splash pads, eonneetinq outlets and vents to drainage
facilities and excavation and backfill (agqreqate base, 
asphaltic emulsion for paint binder, asphalt concrete, and 
native material> for outlets, vents, and eleanouts to be 
installed in embanlcments·and·existinq shoulders, as shown on -the plans, as specified in these specifications and the 
special provisions, and as directed by the Engineer. 
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• PART III - CONCRETE SHOULDEh 

This project was i.nitiated in 1971 as a result of NEEP 
Project 7, "Concrete Shoulders," and a recommendation by 
the Portland Cement Association (PCA). In meetings with 
Caltrans design and construction engineers and the PCA, a 

detailed plan was developed. It was not until the summer 
of 1975, however, that construction of the project was 

completed. 

The site selected for the project was on u.s. 101 in Sonoma 
County at Geyserville. The highway consisted of four to 
six lanes of PCC pavement with 5-foot inside or median 

shoulders and 10-foot outer shoulders. The concrete 

shoulder sections were constructed only on the outside 10 
feet. Four 1,000-foot sections were constructed (separate

ly from pavement construction) in each traffic direction. 
Variables were 1) no tie bars to pavement, joints not 

sealed; 2) no tie bars, joints sealed; 3) tie bars, joints 
sealed; and 4} tie bars, joints not sealed. The shoulder 
thickness was 0.75 foot (the same as the pavement) adjacent 
to the pavement and tapered to 0.50 foot at the outside 

edge. Cement treated base was not extended beyond the 
standard 1-foot outside the pavement edge, so most of the 
concrete shoulder was placed on aggregate base •. 

In addition to the concrete shoulders, approximately one 
mile of shoulder in each direction was constructed of full 
depth asphalt concrete (AC). Thickness varied from 
0.75 foot adjacent to the pavement to 0.30 foot at the 
outer edge. The AC thickness for the outside 10-foot wide 

• 
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stand~rd shoulde on the ~reject was 0.30 feet and for the -inside shoulders it was 0.20 feet thick. Both were placed 
over aggregate base. 

A survey of the project wis made recently after about 10 
years of service. Photographs were obtained of the 

individual test sections. 

PCC Shoulder - No Joint Seal, No Tie Bars 

The unsealed joints in and near the shoulder were generally 

filled wfth sand, 9ravel and other incompressibles. At the 

beginning of the ~ection, th~ concrete shoulder had moved 
longftudina'lly over qn inch' with respect to the main line 
pavem·ent due to iri'compressibles in the joints. Photos 1 

through 4 show ty~ical conditions of these sections. 

PCC Shoulders- J<fints Sealed, No Tie Bars 

Photo 5 sh·ows the preform.ed neoprene compression seal pro
truding from the shoulder edge of a transverse joint. The 

joint opening above the sea1 is filled with incompress
ibles. Photo 6 shows no significant separation between the 
mafnTfne and shoul~~r, even without tie bars. The longitu

din•T joint is filled with a hot-pour elastomeric sealant. 

PCC Shoulders - Jo1nts Sealed, Tie Bars 

• 	 Shoulder and mainline transverse joints are filled with 
neoprene compressi6n seals. The longitudinal joint between 
the mainline and shoulder is filled with a hot-pour elas
tomertc sealant. All jointi appear to be in good condition 

with no spalling or lane separation (see Photos 7 and 8). 

-
-
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Photo Ill-1. 	 Beginning of Concrete Shoulder. No joint 
sealant, no tie bars • 

• 

• 
Photo III-2. Longitudinal offset of shoulder. Joint 

~illed with incompressibles • 

71 




-
-


.,,._ 


-
-




• 

• 


Photo III-3. 	 Another shoulder joint filled with 
incompressibles. 

' 

• 
Photo III-4. Spalling of longitudinal joint between 

shoulder and mainline pavement • 
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Photo III-5. Neoprene compression seal, no tie bars. 

' 

• Photo III-6. Sealed longitudinal joint in good condition • 
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Photo III-7. Joint sealed, shoulder tied to mainline 
pavement. 

• Photo III-8. Longitudinal joint in excellent condition • 
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• Pee Shoulders - No Joint Seals, Tie Bars 

The joints, especially in and near the shoulder, are full 
of incompressibles. There is no significant separation 

between the shoulder and mainline pavement (see Photos 9 

and 10). 

Full Depth AC Shoulder 

Photos 11 and 12 show the typical condition of these 
sections. They appear to be performing satisfactorily, 
although some slight staining due to pumping is evident. 

Control Sections 

Performance of the standard shoulders is quite variable. 
Photos 13 and 14 show portions that look very good, but 

Photos 15 and 16 show damage due to pumping. A number of 
the shoulder depressions are between 2 and 3 inches in 
depth. The reason(s) for. this difference in performance is 
not apparent. 

Summary 

Probably the best performing experimental shoulder section 
is the one with concrete shoulders with tie bars and all 
joints sealed. The full depth AC shoulders are also doing 
well. However, portions of the standard shoulder sections 
are also performing satisfactorily, and the standard 

shoulder is considerably cheaper to build. The primary 
problem with standard construction is pumping due to water 
under the pavement. The bid price for concrete shoulders 
on this project was about $27,000/mile. Thus, the use 

of standard shoulders with edge drains to remove the water 
would appear to be both cheaper and more effective.• 
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Photo III-9. Shoulder joint filled with incompressibles • 

• 

• Photo III-10. Unsealed joint with untied shoulder shows 
slight separation with some spalling • 
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Photo III-11. Full Depth AC Shoulder. 

• Photo III-12. Same as III-11 • 
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• 


Photo III-13. Standard shoulder in good condition • 

• 

• 
Photo I II-14. Standard shoulder with slight staining from 

pumping • 
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• 


Photo III-15. 	 Standard shoulder with heavier pumping 
stains and shoulder depressions at joints • 

• 

• 	
Photo III-16. Shoulder depressed over 2 inches • 
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• 	 PART IV - CONSTRUCTION-EVALUATED PROJECTS 

Experimental 	 Bridge Approach Slabs 

In 1979, a contract was awarded to replace PCC pavement and 

bridge approach slabs on U.S. 101, the Ventura Freeway, in 
Los Angeles County. The section of highway involved was 
just west of 	I-405 and very heavily traveled. Because 
traffic conditions did not reasonably permit closing lanes 

during daylight hours, the project was scheduled for night 

construction, roughly during the hours from 9 p.m. to 
6 a.m. This 	meant that accelerated-set concrete had to be 

used so that 	traffic could use the pavement after approxi

mately four or perhaps five hours of curing time. For the 
pavement slabs, this was not considered a problem since a 
mix with 7 sacks of cement per cubic yard with 2% calcium 

chloride (by 	weight of cement) had been used extensively 

with no significant problems. However, since the bridge 
approach slabs are reinforced and chlorides cause corrosion 
of steel, an 	 alternative procedure was needed. 

Concrete made with calcium aluminate cement had been used 
in limited quantities with no particular problems and was, 
therefore, recommended for this project. Before construc
tion, however, experience with additional mixes prepared 

under controlled conditions made it clear tpat the set time 
of concrete made with calcium aluminate cement can be very 
difficult to control, especially under field conditions. 

• 	 Also, control of the water-cement ratio and the temperature 

of the concrete during hydration of the cement and early 
curing is very critical. The water-cement ratio must not 
be allowed to exceed 0.40, including any water in the 

• 
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a·gg'r·e·g·at'es'. IT t'he temp.er·ature of the concrete is allowed --t'o·· exceed approximately 100°F, a crystaline conversion 

tak·es- pTace·.that results in a loss of compressive strength 

of' s·ome· 35• t'o 5·o%·:, To avoid excessive field problems, the 

numtler of planned' approach sl.ab replacements with this 

concrete was reduced from 24 to. 6. This provided the 

opportuni'ty to try other slab designs. The variables as 

a:c.t:u:a•lTy• o.u iTt We•re: 

Lane· F: PCC wtt~ calcium chloride, no reinforcement. 

La·ne 2; PCC wtt~ calctum c.hloride, epoxy coated steel. 

La n·e· 3:: Con•crete with cal·ci urn aluminate cement, 

retnforctng steel~ 

La"e 4: PtC wtt~out calctum chloride, reinforced, min. 72 

h'our core.•. 

L~nes 1, 2 and 3: PCC with calcium chloride, epoxy coated 

steel. 

Lane 4: Concrete with calcium aluminate cement, 

reinforcing steel • 

The amount of concrete removed each night was limited to 

that which could he replaced by 2 a.m. For the bridge 

appr6ach slabs, this proved to .be one slab 12 feet wide and 

60 feet long. The pavement and cement treated base were 

removed, the subbase recompacted, and the new 12-18 inch 

thttk slab placed. Transverse weakened plane joints to 

match adjacent slabs (approximately 15-foot spacing) were 

sa:wed the following night, Adjacent slabs were not tied or 

keyed to each ot:he.r. -
-
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• A few problems were encountered during cons ructiL1. Due 
to the travel time and distance for the concrete trucks and 
the unpredictability of the setting time of calcium alumin
ate cement, the cement had to be added to the trucks at the 

job site. The delays resulted in numerous cold joints 
since the concrete from the first truck would be set before 
the next truck could be mixed and unloaded. Additional, 
less serious delays were also created by the need to add 

the calcium chloride at the job site. 

Evaluating the performance of these experimental pavement 
slabs is complicated by the extremely heavy traffic and the 

lack of shoulders where a vehicle can be parked. To avoid 

the hazards involved with on-site surveys, an attempt was 
made in 1981 to utilize the photolog system which would 
allow a survey to be made by looking at photographs at 

one's leisure. The system normally snaps pictures each 

0.01 mile traveled at highway speeds. To provide better 
detail, arrangements were made to have the pictures taken 
at intervals of 0.005 mile; i.e., about 26 feet. This was 

accomplished on a weekend to lessen interference from 

traffic. 

While the pictures appeared clear enough, there was diffi

culty in distinguishing cracks from oil or asphalt streaks 
or other types of stains. Only a few cracks and one area 
patched with asphalt could be definitely id~ntified so an 
on-site survey was made for comparison purposes. The slabs 
with calcium aluminate cement (Lane 3 EB, Lane 4 WB) were 

found to be in the worst condition with two or three cracks 
in each slab, and one slab that required patching due to 
excessive cracking and spalling. The next worst was the 
regular concrete without calcium chloride (Lane 4 EB), with 

• 
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:a'b·tJu·t two ·cracks ·per s1 a·b.. lhere were no cracks in the --·sl a'bs with c.a·l ci urn ch'lori de and no rein fa rcement ( 1 an e 1, 

'EB~. Lane '2 '(EB :and WB), and Lane 3 WB with calcium 

,chloride ·an·d epoxy :coat,ed rei·nforcement, had an average of 

,o·n·e cra;c:k 1per sl.a'b,. 

Since lanes 3 and 4 get most of the truck traffic, the 

gr.eater num'ber ,of ·cracks in these 1 anes may be due in 1arge 

part t'O t:h,e :h:e.avie:r traffic. However., due to the problems 

enc·o,u:ntered during construction with the calcium aluminate 

cancr~te, and the relatively poor performance, further use 

is not 'being :recommended at this time. 

Asp'halt lreated P·ermeabl e Base (ArPB) for PCC Pavement 

For a number of ·y~ars, AlPB has been used as a drainage 

blanket. At times, it has also been used as a base for 

asphalt concrete {AC) surfacing. In 1980, an opportunity 

arose to place the material ~nder a PCC pavement on an 

experimental basis,. Four short sections, each about 50 

feet in length, were available, having been omitted during 

paving and used as temporary county road connections, 

lhe ATPB was placed in these sections in lieu of the 

planned lean concrete base. lhe thickness of the sections 

was approximately 6 inches. Aggregate conforming to the 

following grading requirements was used: 

Sieve 'Size Percent Passing 

100 

3/4" 90-100 

3/8" 25-60 

No:· 4 0-15' 

No. 8 0-5 

-
-
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• The asphalt was AR-4000, added at a rate of 2% by dry 
weight of the aggregate. The ATPB was placed with a paving 

machine moving transversely across the roadway and com

• 


pacted with a four-ton roller after the material had cooled 

considerably. A heavier roller was tried first, but became 

stuck and had to have help to get out of the ATPB. 

Photos 1 through 4 show the placement of the material. 


Concrete pavement was placed about three days after the 


ATPB. A nonwoven filter fabric was laid over the ATPB at 


two locations prior to paving. This was done to prevent 


intrusion of concrete mortar into the permeable material. 

There was concern that such an intrusion would adversely 

affect length measurements of PCC cores which are used to 


determine pay quantities for the PCC pavement. Lateral 

subgrade drains were placed under the shoulder in each 

section to drain water away from the permeable base.· 


Cores taken through the pavement and base following con


struction indicated that no mortar penetrated the fabric 

arid entered the permeable material. Where no fabric was 

placed, penetration varied from zero to one inch. This 


variation is dependent on the slump of the concrete and the 


amount of vibration the concrete receives. A subsequent 

specification covering the use of ATPB and CTPB states that 

it is anticipated that concrete mortar will penetrate the 


permeable layer an average of approximately 0.03 foot. 


After nearly five years of service, there is no significant 

difference in the performance ~f the experimental pavements 

compared to adjacent (standard construction) sections. 

However, on control sections for three of the four test 

sections, the shoulders have longitudinal cracking, while 

there is none in the shoulders adjacent to the test areas • 

The reason for this is not clear (see Photos 5 through 

12) • 


84 




-
-


-
-


- ~- -·-·. 



• 


Photo IV-1. Machine placing ATPB. 

• 
Photo IV-2. ATPB directly behind machine . 
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• 


Photo IV-3. Close-up of ATPB and thermometer • 

• 
Photo IV-4. Completed ATPB base section • 
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•• 

Photo IV-5. 	 Looking south from end of ATPB base section. 
Note repaired cracks in adjacent control 
section. 

• 

P~oto IV-6. Looking north from same spot as above. 


Pavement crack is in control area . 
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• 


Photo IV-7. Looking north. No cracks in shoulder • 

• 

• Photo IV-8. Looking south. Again, no cracks in shoulder • 
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• 


Photo IV-9. Looking north. Cracks in shoulder of control 
area. 

• 
Photo IV-10. Looking south. Cracks in shoulder of control 

area • 
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• 


Photo IV-11. 	 Looking north. Cracks in shoulder of control 
area. 

Photo IV-12. 	 Looking south. Car is parked at ATPB Section . 
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• As stated above, Caltrans policy now gene, illy requires the 

use of treated permeable base under PCC pavements. 
Penetration of the mortar into the s11rface voids is not 
considered a major problem, and the rapid removal of 
infiltrated water provides a major benefit in preventing 
pumping and the resultant pavement faulting. The asphalt 
treated permeable base also provides an erosion-resistant 
surface, another deterrent to pavement faulting. Caltrans 

specifications for ATPB are included in this report as 

Appendix IV-1. 

·~· 
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• Cement Treated Permeable Base (CTPB) Und r PCC Pavement 

This project was constructed in 1980 under Contract Change 
Order on Interstate 210 near Los Angeles. Preliminary 
investigations had indicated that considerable ground water 
could be anticipated when two large· cut sections were 
opened. The design of the subsurface drainage system was 
deferred to the construction stage so that the sources and 
magnitude of the ground water could be determined. Also, 

any detrimental lenses of expansive material could be 
removed. 

During excavation operations, numerous ground water seepage 
areas were encountered flowing through fissures and frac
ture zones. After two years of observation, it was noted 
that considerable water was present year-round, with the 
flow increasing during winter rains and subsequent periods 
of high ground water. 

Since horizontal drains and french drains had not been 
entirely successful in stabilizing cut slopes on adjacent 
projects, it was proposed to place a permeable layer under 
the pavement. Such a blanket could be expected to dewater 
the subgrade and eliminate the conditions which cause the 
pumping action that subsequently leads to pavement 
failures. 

The CTPB blanket was placed 6-in. deep and 50-ft wide in 
one pass with a paving machine. This layer would not only 

d,rain ground water and surface infiltrated water, but also 
serve as a base for the PCC pavement. Before paving, a 
two-inch layer of AC was placed over the CTPB •.Some 6,000 
feet of the highway in each direction was constructed in 
this manner • 

• 
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The CTPlf was plac~d', by the 'slicpform paving machine without -vibration tu a thitiness of 6-3/4 inches, then compacted 

with a light roll'e'r.. Curing was accompli shed by spraying 

w:i•th wa:te.r peri'odkally •. No significant problems were en

C.ounte•t"ed• wit'h thi"s con.structton procedu·re. Current 

Cal'trans speci.fi.cations for· CTPB are included in this 

,report .as· AppendiX: IV-2. 

TO• date, this drafhage· layer is working very well. Seepage 

gr'o:ur:tdwater· ctrai'ns out year-round as can be seen at the 

loca.tHjnS where cO:Ylie·cto.r pi pes chann.el the w.ater. 

S!lmma,r>y 

f o.r b r'i d·g.e app·ro a dh, slab re:p·l ac em.e nt where a c ce 1erat ed- set 

concre:te· is req•u:ir'ed', t.he c,al:ci.um aluminate cement is not 

con;s,fd-ered· a:ri ac'ce':pta.b·l'e ma'teri a.l. Concrete with cal ci urn 

dHo·r-iide· ·a·nd· epo'X,y' co·at·ed rei•nforce·ment appears to be the 

·more suf'table· me'th'od. Whilie the a.pproach slabs with cal

ci'um c·hlodd·e conc.rete and· n:0• reinforceme·nt are performing 

satts.fact·ori'ly in th'e· N'umhe<r 1: lane,. it is beTieved that 

re'i"n'f'o;:rcem·ent i's.' rteed'ed fo:r h·ea:vi er t.raffi c areas. The 

photo•lo·g s'ystem djid not prove to be a satisfactory method 

of p'a'Vemen·t surfa:t•.e· evalu.a;fuiion •• 

The· v.·avemen•t a·nd sho·ul'd'ers: whe•re ATP'B was used as a base 

are· perf·ormin·g a·s: well· a.s •. or better th·an, those using lean 

concrete as a ba·se. At. th:r·ee of the four ATPB locations, 

cra:.C:ki:ng• t<s: occurriing· i·n th·e adj a•cent shoulder sections, 

b·u.t; s:top.s short, ofr the J\rp·s; s:ections. 

The· <lTPB d:r.ad·:n·a,ge• l'ayer is performing. very well also. 

th·u,s,, current Ca•l t:.r-ans p.rac:tfce is. to require a tre-ated 

pe l'me:a·b.l'e b a;s·e ( e H:;J'ie r ATPB' o.r CTP B')· beneath PCC p a v em en t. 

-
-
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APPENDIX IV-1 

ASPHALT TREATED PERMEABLE BASE 
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• • • • • • • • • 

(Para 2 revised to set a fixed amount of asphalt ~nd a method of 

• 

adjusting the price for ordered changes. Use SSP 39.01.5)

(Delete Para 7 if automatic batch plant is nor. required.) 

(Delete para 20 if not applicable.> 

(Delete paras 17a and 21 if asphalt concrete will not be placed 

on the ATPB. ) 
<Delete paras 17b, 22 and 23 if portland cement concrete pavement 
will not be placed on the ATPB.) 
(Use Item No. 290201 ASPHALT TREATED PERMEABLE BASE.) 

29.05 
l-2i-85 

10-1.___ ASPHALT TREATED PERMEABLE BASE.--Asphalt treated 
permeable base shall conform to the provisions for asphalt 
concrete in Section 39, "Asphalt Concrete,• of the Standard 
Specifications and these special provisions. 

The aggregate shall be combined with 2 1/2 percent paving 2 
asphalt by weight of the dry aggregate, the exact amount will be 
determined by the Engineer. After testing samples of the 
Contractor's proposed aggregate supply, the Engineer may order an 
increase or decrease in the asphalt content. If such increase or 
decrease is ordered, and the increase or decrease exceeds the 
above specified amount by 0.1 percent by weight of the dry 
aggregate, the compensation payable to the Contractor for asphalt 
treated permeable base will be increased or decreased on the 
basis cif the total increase or decrease in asphalt in the same 
manner as provided for any increase or decrease in asphalt in 
asphalt concrete in the section of these special provisions 
entitled "Asphalt Concrete". 

Asphalt binder shall be Grade AR-8000 paving asphalt unless 3 
another grade is ordered by the Engineer. 

Aggregate for asphalt treated permeable base shall conform to 4 
the following grading when determined by California Test 202. 

Sieve Sizes . Percentage Passing 

1" 100• • • • • • • . • • • • • 

3/4" • • • . • • . • • • • • • 90-100 

l/2" • • • . • • • • • • • • • • 35-65 

3/8" . • . • • • • • • • • 20-45 

No. 4 . • • • • • • • • • • • • 0-10 

No. 8 • • • • • • • • . • • • • • o-s 
No. 200 • • • 0-2 
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-2.- 29.05(contd) 
3-28-85 

The· aggregate shall conform to the following quality 5 
,requirements prior to the addition of the asphalt: -

California -
Test Test Requirements 

Percentage of Crushed Particles • • • • 205 90% Min. 
Los Angeles Rattler 

Los·s a-t 5 o·o· Rev. • • • • • • • • • • 211 45% Max. 
Cleanness Value . e • • • • • • • • • • 227 57 Min. 
Film Stripping • • • • • • • • • • • 302 25% Max. 

Aggregate need not be separated into sizes. The temperature 6 
·of the aggregate before adding the binder shall be not more than 
275° F. 

If the Contractor selects the batch mixing method, asphalt 7 
treated permeable base shall be produced by the automatic batch 
mixing method as provided in Section 39-3.03A(lbl, "Automatic 
Proportioning," of the Standard Specifications. 

. The asphalt content of the asphalt mixture will be determined, 8 
a·t the option of the Engineer, by extraction tests in accordance 
with california Tes-t 310. or California Test 362 or by use of 
California Test 379. The bitumen ratio (pounds of asphalt per 
100 pounds of dry aggregate) shall not vary by more than 
0.5-poU:nd' of asphalt above or 0: •.5-pound of asphalt below the 
amount designated. by t;he Engineer. Compliance with this 
requirement will be determined' either by taking samples from 
tJ;"ucks at the plant or from the mat behind the paver before 
rolling. If the sample is taken from the mat behind the paver, 
the bitumen ratio shall be not less than the amount designated by
the Engineer, less 0.7-pound of asphalt per 100 pounds of dry 
aggregate. ' 

The subgrade to r·eceive asphalt treated permeable base, 9 
ii11mediately prior to placing the asphalt treated permeable base 
thereon, shall conform to the compaction and elevation tolerances 
specified for the material involved and shall be free of loose or 
extraneous material •. 

Areas of the subgrade to receive asphalt treated permeable 10 
base which are lower than the grade established by the Engineer 
shall be filled with asphalt treated permeable base. Volumes of 
asphalt treated permeable base so placed will not be included in 
the volume calculated .:for payment. 

Asphalt treated permeable bc!fse shall be placed only when the 11 
atmospheric temperature is above 40° F. 

12 
temperature of not less than 200° F. nor more than 250° F. -
Material stored in excess of 2 hours shall not be used in the work.· 

Asphalt treated permeable base shall be placed at a 
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-3- 29.05(contd) 
3-28-85 

• Asphalt treated permeable base shall be spread with an asphalt 13 
paver. The material shall be deposited directly from the haul 
vehicle into the hopper of the paving machine. The procedure in 
Which material is deposited in a windrow, then picked up and 
placed in the asphalt paver -with loading equipment will not be 
permitted. The material may be spread and compacted in one 
layer. 

Compaction of the asphalt treated permeable base shall consist 14 
of one complete coverage with a steel-tired, 2-axle tandem roller 
weighing not less than 8 tons nor more than 10 tons. Rolling 
shall begin as soon as the mixture has cooled sufficiently to 
support the weight of the rolling equipment without undue 
displacement. 

The finished surface of asphalt treated permeable base shall 15 
be uniform and shall not vary at any point more than 0.05-foot 
above or below the grade established by the Engineer. 

Asphalt treated permeable base with a surface higher than 16 
0.05-foot above the grade established by the Engineer shall ~e 
removed and replaced with asphalt treated permeable base which 
complies with these specifications, or if permitted by the 
Engineer, the high spots may be removed to within specified 
tolerance by any method that does not produce contaminating fines 
nor damage the base to remain in place. Grinding will not be 
permitted. 

Hardened asphalt treated permeable base with a surface lower 17 
than 0.05-foot below the grade established by the Engineer shall 
be removed and replaced with asphalt treated permeable base which 
complies with these specifications, or if permitted by the 
Engineer, the low areas shall be filled with pavement material as 
follows: 

When pavement material is asphalt concrete, the low areas 17a 
shall be filled with asphalt concrete conforming to the 
requirements for the lowest layer of asphalt concrete to be 
placed as.pavement. This shall be done as a separate
operation prior to placing the lowest layer of pavement. 

When pavement material is portland cement concrete, the low 17b 
areas shall be filled with pavenlent concrete at the time and 
in the same operation that the pavement is placed. 

Full compensation for filling low areas will be considered 17c 
as included in the contract price paid per cubic yard for 
asphalt treated permeable base and no additional compensation
will_be allowed therefor. 

• Care shall be exercised to prevent contamination of treated 18 
permeable base. Treated permeable base which, in the opinion of 
the Engineer, has been contaminated shall be removed and replaced 
by the Contractor at his expense. 
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-4- 29.05(contdl 
3-28-85 

Attentdon -is directed ·to Section 7-1.02, "Weight Limitations," 19 
of the Standard Specifications. The second paragraph of said 
-section is -amended to read: · 

No -traffi!= or ContrCictor's .equipment will be permitted on 
th~ asph,alt ·treated permeable base exce'pt · for that equipment 
-~equir.eci ·to ·place .,the permeable base and the subsequent layer 
-of pavement. Haul ·trucks _shall enter onto and exit from the 
asphalt .treated permeable base at the nearest practical point. 
·Damage ·to ·the ·pase shall be repaired promptly by the 
Ccmtr·a~·tor ,at his .expense, as directed by the Engineer. 

19a 

Wherce ·longitudinal subgrade drain pipes or edge drain pipes 
are to be i·nstal:led ·in the asphalt treated permeable base 
adjacent to•the .edge.of pavement the asphalt treated permeable 
base outside the edge of traveled way may be placed in a separate 
operation. Such ·base shall be placed and compacted by methods 
·that ·Wtll produce a f:i.rm mat~.riiil of uniform density. 

20 

When asphalt concr-ete is p1aced directly upon the asphalt 
treated percmeable b.as.e the as,phal t concrete shall be placed with 
a paver equipped with tracks 11n·less the layer being placed is 
.0 .lS...f:oot or 1esl3. in compacte.d thicknesl3. 

21 

It -i-13: anticipated ·•that when portland cement concrete pavement 
is placeci over asphalt treat~.d permeable bal3e the concrete will 
penetrate ·the treated permeab;le base an average of approximately 
0.09-foot. Volumes of portliind cement concrete that penetrate 
the asphalt treated permeable .bi!Se will not be included in the 
volll,llle.gJ concrete pavement 1:-o be paid for. 

22 

When cores are taken to det~rmine the thickness of portland 
cement concrete paveJl\ent it i13 anticipated a layer of asphalt 
treatec3, -permeable bal3e will iidhere to the bottom of the core. 
Pripr to determining the thickr;less of the portland cement 
concrete pavement all particles of asphalt treated permeable base 
will be .~:removeci from ·..the bott.91:1\ of the core. 

· 23 

The •quantity of asphalt tre.ated permeable base to be paid for 
will be measured by the cub.ic yard. The volume to be paid for 

·Will be !=alculated on the bas~s of the dimensions shown on the 

24 

plans aci-justed by the amount o:! any change ordered by the 
Engineer. No aH.owan.ce will be made for asphalt treated 
permeable base placed outside said dimensions unless otherwise 
orj:}ered i;>Y the J1:ngineer. 

The 0gntract price paid per cubic yard for asphalt treated 
·permeable base shall include full compensation fc;>r furnishing all 
labor, l!l<!oterials <inc'!,.uding pa·ving asphalt> tools, equipment and 
incide.ntiils, and for doing all the work involved in constructing 
asphal-t treated permeable base, complete in place, as shown on 

·the plans, as specified in the Standard Specifications and these 
speciill provisions, and as directed by the Engineer. 

25 
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CEMENT TREATED PERMEABLE BASE 
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(Delete Para. 17 if not applicable.) 

(Delete Paras. 7, 19, 20, 23b, 25, and 26 and •and asphaltic enulsion• 

fran Para. 28 if portland cenent concrete pavenent will not be 'Jlaced 

on the CTPB. ) 

(Delete Para. 23a if asphalt concrete pavenent will not be placed 

on the CTPB. ) 

(Use 290301 Cement Treated PeDDeable Base.) 


29.10 
7-3-84 

10-1. ,CEMENT TREATED PERMEABLE BASE.--This work shall 
consist ~onstructing a cement treated permeable base to the 
lines, grades and dimensions shown on the plans and in accordance 
with the Standard Specifications and these special provisions. 

Cement treated permeable base shall consist of a mixture of 2 
aggregate, portland cement and water. 

The portland cement content of cement treated permeable base 3 
shall be not less than 282 pounds per cubic yard. 

MATERIALS.--Portland cement shall be Type II Modified 4 
·conforming to the provisions in Section 90-2.01, •portland 
Cement ,.• of the Standard Specifications. Pozzolan shall not be 
substituted for portland cement. 

Water shall conform to the provisions in Section 90-2.03, 5 
•water,• of the Standard Specifications. 

Aggregate shall conform to the provisions in Sections 90-2, 6 
"Materials,• and 90-3, •Aggregate Gradings,• of the Standard 
Specifications. The grading of the aggregate shall conform to 
the 1• x No. 4 primary aggregate nominal size coarse aggregate
grading. 

Asphaltic emulsion shall be SSlh conforming to the provisions 7 
in Section 94, •Asphaltic Emulsions,• of the Standard 
Specifications. 

SUBGRADE.--The subgrade to receive cement treated permeable 8 
base, immediately prior to placing the cement treated permeable 
base thereon, shall conform to the compaction and elevation 
tolerances specified for the material involved, shall be free of 
loose or extraneous material, and shall be uniformly moist • 

• 

• 
Areas of the subgrade to receive cement treated permeable base 9 

which are lower than the grade established by the Engineer shall 
be-filled withcement treated permeable base. Volumes of cement 
treated permeable base so placed will not be included in the 
volume calculated for payment. 
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-"'2- 29.10(Contd) 
7-3-84 

PROPORTIONING, MIXING AND TRANSPORTING.--Proportioning cement 
.trea,te_d permea.ble ba.se sha.ll conform to the requirements for 
proportioning concrete pavement in Section 90-5, •Proportioning,• 
of tne Standard Specifications. except that dividing of aggregate 
into sizes wt.ll not be require.d. 

Mixing and: transpo.rting cement treated permeable base shall 
confcu::m to the re.quirements for mixing and transporting concrete 
-i.n Section 9,0-6, •Mixing and Transporting, • of the Standard 
,Specifications_ except that the requirements concerning amount of 
w.ater and penetration in Section 90-6.06, •Amount of Water and 
Penetratcion, • shall not app.ly. 

' .',_:; 

The water-cement ratio (the• ratio of the amount of water, 
e.xclusive only of that. absorbed' by the aggregates, to the amount 
of cement_., by weight)..s.hall be• approximately 0.43. The exact 
water..ce111ent ra·tio will be determined by the Engineer. 

PLACING.--Placing· of cement treated permeable base shall 
cq,nform- to the requirements- for placing concrete pavement in 
section. 4c_O.,.l .• 0.6.,.. •placing,• of the Standard specifications except 
that the thi.rd paragraph in s.aid Section 40-1.06 shall not 
a,pply. 

( ''· SpREAD;lNGI. COMPACTING AND SHAPING.--Cement treated permeable 
base sha1.ll be spread, compacted, and shaped in accordance with the 
r,equiremen:ts fo.r sprea.d:ing, compacting. and shaping concrete 
l!!i!!Vement in the first and fourth• paragraphs of Section 40-1.07, 
•-spreading;. Compacting, and Shaging•, • of the Standard 
Specific.a.ttions except that vibra:tors shall not be used. 

' 'Compaction. s·ha•ll be'· performed' with a 2-axle steel-tired roller 
11(e.ighing. not. less than 6 tons no.r. more than 10 tons. Compaction 
s.hilll fol.low wi·.thin one.-ha·lf hour a•fter the spreading operation 
C!,.nli shall cons•ist of 2· complete.• coverages of the treated 
ll!.a.terial.•. 

The f:i.nished' s-urface. of· cement treated· permeable base shall be 
upiform· an(i sha·ll not· vary at any point more than 0.05-foot above 
O'r below, t-he grade· established by, the Engineer. 

Where:. longitudinal' subg;rade• drain pipes or edge drain pipes 
a,~;e to be,. ins·.talle.d in: the cement· tre-ateo· permeable base adjacent 
to. t-he EtdQ,e.• of pavement the· cement treated permeable base outside 
the e!ige., of tra.veled· way may be·· pl.aced in a separate operation. 
S!lch. basec shall. be placed· and compacted' by· methods that will 
produce ac firm material·. of unif:orm density.• 

CURING·•.--The. completed c.ement· treated permeable base shall be 
cured by; s:prinkl ing· the sut:·fa·ce' w.i th a fine spray of water every 
2.hours for· a period of 8 hours\. Curing shall start the morning 
af.ter the,. base has been placed •. 
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• Prior to placing portland cement concrete pavement on cement 19 
treated permeable base the surface of the base shall be covered 
with SSlh asphaltic emulsion to facilitate measuring pavement 
thickness. The asphaltic.emulsion shall be applied uniformly at 
a rate of between 0.10- and 0.20-gallon per square yard. The 
exact rate will be determined by the Engineer. 

Damage to the asphaltic emulsion shall be repaired prior to 20 
placing pavement over the cement treated permeable base. 

Care shall be exercised to prevent contamination of cement 21 
treated permeable base. Cement treated permeable base which, in 
the opinion of the Engineer, has been contaminated shall be 
removed and replaced by the Contractor at his expense. 

SURFACES NOT WITHIN TOLERANCE.--Hardened cement treated 22 
permeable base with a surface higher than 0.05-foot above the 
grade established by the Engineer shall be removed and replaced 
with cement treated permeable base which complies with these 
specifications, or if permitted by the Engineer, the high spots 
may be removed to within specified tolerance by any method that 
does not produce contaminating fines nor damage the base to 
remain in place. Grinding will not be permitted. 

Hardened cement treated permeable base with a surface lower 23 
than 0.05-foot below the grade established by the Engineer shall 
be removed and replaced with cement treated permeable base which 
complies with these specifications, or if permitted by the 
Engineer, the low areas shall be filled with pavement material as 
follows: 

When pavement ma.terial is asphalt concrete, the low areas 23a 
shall be filled with asphalt concrete conforming to the 
requirements for the lowest layer of asphalt concrete to be 
placed as pavement. This shall be done as a separate opera
tion prior to placing the lowest layer of pavement. 

When pavement material is portland cement concrete, the low 23b 
areas shall be filled with pavement concrete at the time and 
in the same operation in which the pavement is placed. 

Full compensation for filling low areas will be considered 23c 
as included in the contract price paid per cubic yard for 
cement treated permeable base and no additional compensation 
will be allowed therefor •.. 
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WEIGHT LIMITATIONS.--Attention is directed to Section 7-1.02, 
•weight Limitations,• of the Standard Specifications. The second 

paragraph of said section is amended to read: 


No traff'ic or Contractor's equipment will be permitted on 
the cement treated permeable base except for that equipment
required to place the permeable base and the subsequent layer
of pavement. Haul trucks shall enter onto and exit from the 
.cement treated permeable base at the nearest practical point. 
Damage to the base shall be repaired promptly .by the 

,, <;:ontractor at his expense, as directed by the Engineer. 

PAVEMENT THICKNESS.--It is anticipated that when portland 

cement concrete pavement is placed over cement treated permeable

base the concrete will penetrate the cement treated permeable 

base an ave:rage of approximately 0.03-foot.. Volumes of portland


. ce!ment concrete that penetrate the cement treated permeable base 
wi!ll not be included in the volume of concrete pavement to be 
pei'id for. 

: When cores are taken to determine the thickness of portland 
cement concrete .pavement it .is anticipated a layer of cement 
treated permeable .base will adhere to the bottom of the core. 
·pr:ior to determining the thickness of the portland cement 
concrete pavement all particles of cement treated permeable base 
.will be removed from the, bottom of the core. 

MEASUREMENT.--The quantity of cement treated permeable base to 

be paid for will be measured by the cubic yard. The volume to be 

pa:id for will be calculated on the basis of the dimensions shown 

on·,the plans adjusted by the amo.unt of any change ordered by the 

.Engineer. ·No allowance will be made for cement treated permeable

base placed outside said dimensions unless otherwise ordered by 

the, Engineer. 


PAYMENT.--The contract price paid per cubic yard for cement 

t·rea·ted permeable base shall incl.ude full compensation for 

furnishing all labor, materials (including cement and asphaltic 

eJIIUlsion) tools, equipment and :i,ncidentals, and for doing all the 

w.ork involved in constructing cement treated permeable base, 


·complete in place, as shown on the plans, as specified in the 
Standard Specifications and these special provisions, and as 
diree:ted b_y the Enginee.r.• 
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