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Introduction

This report covers construction of experimental shoulders on Inter-
state 69 in Michigan to compare certain design improvements using both
concrete and bituminous materials. The work is being done by the Michi-
gan Department of State Highways as a "Category 2'' experiment, in co-
operation with the Federal Highway Administration.

Many paved shoulders develop longitudinal cracks near the pavement
edge, probablydueto frostaction andtraffic. Research Laboratory studies
have indicated that the cracking may occur either during the first winter,
due to moisture present inthe base at the time of construction, or may oc-
cur later, probably dueto water penetration atthe shoulder-pavement joint.
Although these cracks may be present for many years before repair is ne-
cessary, repairs may be required at an earlier date due to progressive
raveling of the outside edge of the shoulder when lateral constraint of the
base course no longer is present.

There are several possible remedies for the problems that exist, and
the main questionto be answered is how much additional initial expenditure
is required and justified to reduce subsequent shoulder maintenance to a
reasonable minimum.

The purpose of this study is to evaluate the cost and performance of
experimental concrete and bituminous shoulders in comparison with the

standard shoulder for Michigan Interstate freeway construction.

Scope

An experimental unreinforced portland cement concrete shoulder de-
sign, two experimental bituminous shoulder designs, and the Michigan stan-
dard shoulder for Interstate construction were installed in a test area on a
rural freeway. Three test sections approximately 1/2-mile long of each
type were constructed. Only the outside shoulders were included in the
experiment.

General Information

The site of the experimental installation is on I 69 in southern Eaton
County, between Charlotte and Olivet. Design details are shown in Fig-
ures 1 and 2, and the random arrangement of the various test sections is
shown in Figure 3. Main line pavement and the concrete shoulder sections
were placed during September and October of 1971. These shoulders were
the first of their type to be placed in Michigan. Concrete for the job was
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central mix. General specifications for the concrete shoulders were as per
Standard Specifications for concrete pavements, except that surface toler-
ance was increased from 1/8-in. in ten feet'to1/4~in. The section of I 69
containing the experimental shoulders was opened to traffic during Novem-
ber of 1972.

Consgtruction

Davco Inc., concrete paving contractor for the project, elected to use
a 12-ft CMI slip-form paver to place the shoulders. Since the paver was
equipped for 9-in. pavement thickness, and the outgide edge of the shoulder
was to be only 6-in. thick, the base was trimmed in an unusual fashion to
allow retention of the full depth side form. A CMI Autograder was used to
trim the subbase and the concrete was placed directly from trucks running
onthe slab (Fig. 4). The paverwas runas shown in Figure 5, to place and
consolidate the 9-ft wide shoulder. This operation is not easily accom-
plished, since steering control is not as positive as it should be. More-
over, coarse aggregate from the mix tends to collectbetweenthe oscillating
gscreeds and the existing slab, raising the effective height of the screeds.
The job was successfully completed by using additional workmen before and
behind the paver to check constantly on the operation, remove excess mix
from the vicinity of the edge of slab, and promptly correct any malfunction
of the steering mechanism. Special shoulder paving gear was not developed
for this project because of the relatively small quantities involved. If fu-
ture projects, with large quantities of concrete shoulders, are planned,
they probably would be done with special equipment, or further adaptation
of the slip-form paver, to accomplish the task more easily.

The surface of the shoulders was hand floated, textured with a burlap
drag and cured withwhite membrane applied by spraying. Rumble strips
were formed in the surface by a corrugated metal float, as shown in Figure
6. A boardheld againstthe outside edge of the shoulder reduced edge slump
during formation of the corrugations. '

Mainline pavement on this project contained expansion joints at every
fifth slab as required by specification for paving in the late fall. There-
fore, matching expansion joints were required in the concrete shoulder.
Premolded expansion fillers without any load transfer devices were placed
on the subbase, secured by stakes, and cast into the concrete to form the
necessary expansion space in the shoulders.

Transverse joints in the shoulder were sawed and sealed at the loca-
tions shown in Figure 2. The longitudinal joints between shoulders and
muinline slabs, were constructed by two different methods; approximately




N

“uBSIYOTIA
€9110[IBYD JBOU 9 I UO IIP[NOYS 93}8I0U0D 1J-6 99B[d
07 posn Jxoaed waol-di[s IINO 3-9A[om], G aandid

*08po
qeIsS Ul S1[00300U 9J0U OS[Y *9Ul }OBJI] IBAU °UI-9 0}
28pe juouwoA®d 1B ‘Ul-¢§ WOJIJ PIlIBA 1BY] (B[S 90B|d 01
J9ABd 9Y3} JO 9PISINO 9y} U0 WIOJ-dI[S *Ul-¢g [[NJ JO 9sn
PoMOITE 1BY} PUNOIZaI0] Ul WII] 9SBqqns JO 9dBYS 90N
*xoa®d JO PEOUE 9sBqQNS U0 paoB[d 93210U0) *§ 9an3Li




-soperq xodBI0s Aq ONI}S o pPInom £8y3 d1oym premdn Jurpnrjodd wWoIy suo118dnaIod
sjmesaad BOIE 9Y) WOIJ 9]9I0U0D SWIOS JO [BAOWS [BYIUl ~SdII3S S[qUINI SUIWIIOF Ul POST suoryeaedo Jo so1I98 *9 9andig




one half of the longitudinal joint in each test section was formed with styro-
foam, and the remainder was sawed. All of the shoulder joints, both longi-
tudinal and transverse, were filled with hot-poured rubber sealant, Interim
Fed. Spec. SS-8-001401. Future evaluations will compare the formed and
sawed joints for relative performance.

Bituminous shoulders were placed during October of 1872. Experi-
mental Type A and B sections were placed intwo courses by using a spreader
for the first course and a paver for the top course. The early onset of bad
weather prevented the placement of the seal coat on Type A, and those sec~
tions will lie through the winter with the asphalt stabilized soil aggregate
exposed. Application of the seal coat will be done in the spring of 1973.

Instrumentation and Observations

Forty-eight concrete shoulder slabs (16 in each 1/2-mile test section)
were instrumented with stainless steel rivets as shown in Figure 7. Fif-
teen additional shoulder slabs in each test section were randomly selected
and instrumented with only two rivets at mid-length, across the longitudinal
joint.

Measurements for joint opening and faulting are made across the joints
both longitudinally and transversely. Joint opening measurements are made
with a vernier caliper, and fault measurements with the special fixture
(Fig. 8). The two foreward legs of the instrument are set in the rivets,
and the rear leg is used to level the device. A reading then is taken from
the scale attached to the right side of the instrument. Changes in reading
from one time to another indicate a shift in the relative vertical positions
of the slabs. '

All instrumentation was installed in the concrete shoulders in the fall
of 1971, and two sets of readings have beenmade. Only very minor changes
were recorded, except that expansion joints have closed considerably. This
is due to the fact that the paving was done very late in the fall when tem-
peratures were quite low. Heating of the slab caused the expansion joints
to close when warmer weather occurred the following year. Future read-
ings onthe concrete sections will be made inthe spring and fall of each year.

Performance of the bituminous sections will be checked by condition
surveys, noting the amount of cracking and other observable deterioration.
The initial condition survey has been made, and subsequent surveys will
coincide with the joint readings noted above. These surveys also will be
made in the concrete areas to record any cracking, spalling, or other de-
fects that develop.




18 Juiol uoisuUBdXe UB SUIBIUOD OU)

‘pu® 9uo € JUIOf UOTEUBAXD UB 9ABY OM] I9YJ0 9Y) PUB ‘UO01J08S PojUSWINIISUl JO I93UD

‘SUOTI09E 38§91 O[IUWL JIBY £ JO {OES Ul UMOUS SE PIJUslInIIsll SBM S(UBIS

I9p[NoYSs 9T Jo Uo130es su) *10ofoxd I9PINOYS 912IOUOD JO SUOIODS POJUSUITLIFSUL 0] SUOTIBO0] J9ATY *2 8ans1d

avis 43071NOHS
40 H3LN3D LV ONV
LNIOr 3903 NOY 4
o7 A31vO071 SONd

uVu VL34

©

4301NOHS 3.L34DNOD

O O]

@\@\\\@ ®

3NV D14dvdLl AN3W3AVd

A
SN

\ﬁm._.Z_O_.. H4301NOHS

Ol= L1 F=—>]

/\

a a]e ] ale L] ols L] LJ L

*+ aje o ofe . ele ¢ eofe o | a]e o o

d3QT1NOHS 3L3YDNOD

L) L aye L) afe L -

L a* e L] . ® L L] L] L

LNIOr 32403

T~ s1nior

LN3IWIAVG

* a0o o e [ ] s @ @ ae Iﬁ....

L e e g e
.K..J.(._.mou\u.

. 0
al & ae © 4 & & &+ 8 &+ 2

3NV 21d4vdL LN3IN3AVL

w/m_v ININIAVL

B — ..N..l._\lll'.

NOILD3S H3d
a3agiNd3ayd
SL3AId 00i

INIOr ANV WOY 4
=¥ 431vO07 SONTd




Figure 8. Special fixture for measuring faulting of joints.

Costs

Unit costs forthis project, like any other, are affected greatly by quan-
tities involved. The surface course for the Type B experimental bituminous
shoulder was used in large quantities onthe remainder of the project, there-
by reducing the relative cost for that item. Conversely, the seal coat sur-
face on the Type Ashoulder was not used anywhere else on the job, making
quantities low and price relatively high. Therefore, the following costs are
presented more for information than as representative values.

Concrete shoulders cost $6.00 per sq yd including hook bolts and the
longitudinal joint. The transverse joints for the concrete shoulders inad-
vertently were not included as a bid item and presently are in dispute by
the contractor and the Department. However, similar joints in unreinforced
ramp slabs on an adjacent project, were bid at $1.00 per ft by the same
contractor. This would add about $.50 per sqyd to the cost of the concrete
shoulders, making the total amount $6.50 per sq yd.

-10-




Bid prices for bituminous shoulders are listed by the ton, so the ne-~
cessary conversions were made to give a sq yd cost for comparison.

Bituminous shoulder Type A cost approximately $4.40 persq yd, while
Type B was about $3.50 per sq yd.

Quantities for each of the above three shoulder types were less than
8, 000 sq yds.

The standard freeway shoulder was bid at approximately $1.70 in large
gquantity.

Remarks

The rumble strips on the concrete shoulder were terminated about a
footfrom the longitudinal joint to eliminate jointing and sealing in the cor-
rugated area. Construction workers were able to form the rumble strips
without unusual difficulty., These strips cause a loud sound when driven
upon and shouldbe avaluable safety device for warning drowsy drivers that
they have wandered onto the shoulder. No adverse effects on vehicle con-
trol were noted by staff members who drove over the completed sections.

Hook bolts were used to tie the rigid shoulders to the pavement, be-
cause previous experience has shown that rigid slabs tend to separate in
time ifnot secured, due to thermal expansion and contraction and expansion
of freezing water in the joint.

The pavement edge was coated with two layers of curing compound prior
to casting the shoulders in order to prevent strong bond between the longer
and shorter slabs possibly inducing cracks in the pavement slabs adjacent
to joints in the shoulder. This type of cracking had been noted in continu~
ously reinforced pavements with concrete shoulders in a neighboring state.
Such cracking has not yet developed on the I 69 project, but it is one of the
related performance factors that willbe observed in the future to see if the
preventive measures used were sufficient, or whether stress concentra-

‘tion due to the shoulder joints still may initiate such cracking in the pave~

ment. Prevention of bond between the shoulder and pavement also should

~allowsome relative longitudinal movement as the shorter slabs tend to ex-

pand and contract independently with cycles of temperature and moisture.
Hookbolts were specified to be more than 3 ft from transverse joints,

and compressible washers were placed around the bolts in order to allow
relative motion between the slabs without initiating corner breaks in the

-11-




unreinforced slabs. Recent inspections of the installation revealedno visi-
ble cracking in the concrete shoulders.

Eight cores were taken from the concrete shoulders for determination
of thickness and strength. Variance from specified thickness ranged from
approximately -0.1 in. to +0.9 in. and averaged about +0. 3 in. Compres-
sive strength varied from about 3,600 to 5,200 psi, averaging nearly 4,500
psi.

Bituminous shoulders are in new condition at present, due to the one
year difference in construction schedule. The initial condition survey dis-
closed no cbvious defects.

Performance data will be collected and maintained by the Research
Laboratory until such time as further reporting is warranted by the infor-
mation gathered. Information concerning the project may be obtained by
request, during the interim period.
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