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The information contained I this report was compiled exclusively for the
use of the Michigan Department of State Highways. Recommendations contalned
hereln are based upon the research data obtalned and the expertise of the re-
searchers, and are not necessarily to be construed as Department policy., No
material contalned herein ls tobe reproduced—wholly or ln part—without the ax-
preased permlsaion of the Engineer of Testhg and Resenrch.




Introduction

This progress report covers the findings to date of the evaluation of
experimental concrete and bituminous shoulders. The work is being done
by the Michigan Department of State Highways and Transportationas a ''Cate-
gory 2" experiment, in cooperation with the Federal Highway Administra-
tion.

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

standard shoulder used for Michigan Interstate freeway construction.

General Information

Construction procedures, details, initial costs, instrumentation, and
methods of measurement have been previously reported in MDSHT Research
Report R-844 (January 1973). Briefly, an experimental portland cement
concrete shoulder, two experimental bituminous shoulders, and the standard
shoulder for Interstate construction, were installed in a test area on 169
between Charlotte and Olivet. Three test sections of each type were con-
structed. Details of the installation are shown in Figures 1, 2 and 3.

‘Each section is approximately one-half mile long; only the outs ide shoul-
ders areincluded in the experiment. The concrete shoulders were built in
the fall of 1971, Most of the remaining shoulder construction was done,
and the roadway opened to traffic in late 1972,

Performance of the bituminous shoulders is checked by condition sur-
veys, noting the amount of cracking and other observable deterioration.
The concrete shoulders containinstrumented sections from which longitudi-
nal and transverse joint movements and elevation changesare obtained. In
addition to the readings taken, the concrete shoulders are also checked for
any observable deterioration. '

Since only the initial construction costs are available at this time,
analysis of initial expenditure as comparedto long term performance of the
ghoulders will not be discussed inthis report. This information will be re-
ported as it becomes available.

Observations

The onset of bad weather prevented the placement of the seal coat on
"Type A'' bituminous shoulders. These sections remained through the first
winter with the asphalt stabilized soil aggregate exposed. Applicationof the
seal coat was performed in the spring of 1973. :

The initial condition survey performed shortly after construction (fall,
1972) revealed no obvious flaws in any of the sections.




Results of the condition survey performed one year later (fall, 1973)
are given in the following paragraphs.

"Type A" bituminous shoulders -~ After approximately one year of ser-
vice, there is no visible deterioration of any portion of this type shoulder.
Figure 4 shows the typical condition of "Type A" shoulders in the fall of
1973.

"Type B" bituminous shoulders - Figure 5 shows a typical portion of
the "Type B" shoulder. This type shoulder does not show any visible de-
terioration after approximately one year of service.

Standard bituminous shoulders - After one winter, the standard shoul-
ders used for Michigan Interstate freeway construction have developed longi-
tudinal eracking throughout the entire sections under observation. Crack-
ing has occurred longitudinally along both edges of the shoulder. Near the
pavement, a single longitudinal crack is present approximately six inches
from the edge. On the outside edge, "alligator cracking" of the shoulder
has occurred in anarea approximately two feet wide, The center portion of
the shoulder shows no evidence of deterioration. A typical portion of the
standard shoulders is shown in Figure 6.

Concrete shoulders - Figure 7 shows the typical condition of concrete
shoulders in the fall of 1973. After approximately one year of service, the
concrete shoulders show no visible deterioration except at four isolated lo-
cations. Three of these locations are at expansion joints, near the pave-
ment edge, and one is at a contraction joint on the outside edge.

Further investigation of the failures at expansion joints has revealed
the cause. Figure 8 shows one of the expansion joint failures. As can be
seen, the expansion joint filler is offset from the sawed joint groove. At
this location, the offset is approximately two inches; the other expansion
joint failures are similar.

Previous laboratory investigations involving this type of joint distress
have verified the detrimental factors. As the pavement expands, the in-
duced horizontal compression of the filler causes it to extrude vertically.
Since inthis casethe filleris now restrained on all sides, where ordinarily
it would be free to move upward in the joint groove, the extrusion exerts an
upward force on the concrete above it, and initiates the failure.

Figure 9 shows the failure ata shoulder contraction joint which appears
to have been caused by grade settlement.

Since the culpable factors were present at the time of construction,
none of the mentioned distressed areas can be clagsified as performance
related failures.,




There is no evidence of commutative cracking of the pavement adjacent
toshoulder joints, or cornerbreaks of shoulder slabs in any of the sections.

Measurements of shoulder movements indicate that at this time there
is no significant displacement taking place, either laterally or vertically,
along the shoulde r-pavement joint. Therefore, only longitudinal movements
will be discussed.

For ease of comparison, longitudinal movements at contraction joints
have been separated into three categories. These are, mainline pavement
contraction joints, shoulder joints coinciding with those onthe mainline, and
interior shoulder joints, that is, those joints on the shoulder between the
mainline pavement joints (Fig., 10), '

At the time of the last measurements (August 1973), the average sea-
sonal movement of the mainline pavement contraction joints was 0,123 in.
The maximum movementexhibited was 0.184 in, and the minimum 0,007 in.
The small value comprising the lower end of the range is caused by a joint
which is resisting movement. There is one such joint evident in the instru-
mented portions of the concrete shoulder sections, which include 15 joints
in total.

Shoulder joints which coincide with contraction joints on the mainline
show average seasonal movements of 0,102 in., with a range from 0,034
to 0.185 in. The movement of coinciding shoulder joints is approximately
80 percent of the movements exhibited by mainline pavement joints.

Interior shoulder joints have average movements of 0.015 in., from
summer to winter. The range of movements is from zero to 0.063 in. In-
dependent slabs of the size involved in the concrete shoulders would be ex-
pected to exhibit more uniform movement. However, it appears that there
are considerable differences in the amount of bond between the pavement
slabs and the short shoulder glabs that are attached by lane ties. In some
cases, the shorter slabs are being "dragged' by the longer pavement sec-
tions.

The average temperature differential at which the readings were obtain-
ed was 56 T.

Summary

The condition survey of the experimental shoulder sections performed
after approximately one year of service has revealed the following:

1. Standard shoulders have developed cracks near both edges.

2. There is no visible deterioration of "Types A" and "B" bituminous
shoulders.

3. There areno performance related failures of the concrete shoulder
sections.




Measurements of concrete shoulder movements show that at this time
there is no significant lateral or vertical movement taking place along the
shoulde r-pavement joint, so the lane ties are effective.

The average seasonal movement of shoulder joints coinciding with pave-
ment joints is approximately 80 percent of the movement exhibited by the
pavement joints.,

Conelusgions

It is obvious from the early results that all three types of experimental
shoulders are performing better than the standard section.

Measurements of joint movement show that special criteria should be
used for the design of seals for shoulder joints that coincide with pavement
joints. (Obviously conditions will be considerably different for concrete
shoulders adjacent to continuously reinforced pavements, than for those
evaluated here. ) '

Performance data will continue to be collected and maintained by the
Research Laboratory., Additional information obtained will be presented in
subsequent reports, '




*sIopINOYS TeuawIadxe I0] SUOIIEI0] UCIID9s 189, T 9aIndtd

HIJINOHS FLIHONOD INIWID ~ANVILHOd TVLNIWIHILX3

H3IQTNOHS AVMITHS QUVANVLS

8 3dAL HIAQINOHS SNONINNLIG TVINIWIMILX3I

¥V 3dAL Y3ATNOHS SNONIWNLIE IVLINIWIHYILIX3

e et e e
SRR,
SIS SIILEHREK
SRR LSRRI

ANNOGHJLHON w

aANNOBHLNOS

L1662

2l6e

are6e

6162




.

*I9p[noYs Aemoal] pIBpUR]Ss pue ‘g pue vy god£) s12p[noys
SNOUTN}I( [BIUeWLIodXe JO SU0TI09 s-ggox) °g ndid

8 IdAl

HIAGTINOHS AVMIIHE GUVANVYLS

301Mm ,8 ~ A DS /87 OLE 1V 183
(1,A¥d JNOJ) SHATIHS D02V "1189
SHIQINCHE YY EEYTD LNIWIAYL

313U INOD 6.

| 00 -

{ar U W3d B 041
‘XOHddY ) FSHNOD ONIHVIM
ALY O3HDOY SNONIRNLIG 2711

LNIWIAAYL
AL3HDNOD 6

¥ 3dAL

ISvaEns

1v0D TIV3S

LN3IW3IAYY
ALIAYINOD .8




*ISPNOTE 910I0UCD JUAUISD pue[icd [euswIIedXe Jo S{IBIOp UoTIonIIsuod °f aandrg

"HAOd L1Sdld OL LNIDVrgy G30vd
38 LSNW 3A33TS "IVIHIALYW HYIIWIS ¥3IHLO ¥O
ANTHALSATOL 'NHOD 'HILENY LIOS 30 IQYA 38 OL

S1108 MOOH 01 IVLNIQIONI
NVL3AQ IAIATS

WNINIXYW o2
WNWINIWN 2/

WNWINIW .2/1

H3LINWVIC
1709 HOOH

IHVNDS HO
ANNOY T¥YNOILdC

H3ATINOHS 3L3IEDNOD T¥LNIWIYHIALX3A

¥V NOILO3S

-3svgans ,0l

Q3DHOANIFENN '8 3ATNOHS ILIZDONOD
8VY71S H3d DIH ¥ 'S1108 MOCH .91/6 -

147,21

fl.';"\.’f’?’f’?’;

CIIvL33 3352 JATITIS H3addrd
ANNOIWOD ONIYND SLVYOD OML

1

e

LNINWI AV
J13IHYONCD 6

a3Tv3Is ANV QIAMYS

SINIOr 3ISHIASNVYYL

ne X o8/F

~

S ST —

8Y1§ LNIWIAVd H3d SEVIS HAGTINOHS ¢

dAL 6 L1

9 )

—

_
i

\

LNIOr 3SHIASNVHL ANV 40 LA E
NIHLIM Jd32V1d 369 OL SL10BON

gyIs HOva S1708 ¥
LNOAYT 1709 MOOH TvDIdAL
[
~op Ot~k OF —
] | [ i

1

LNIOr LNIWIAYL
HLIM QINDITY
LNIOr 43QNNOHS
HLldNO4d AH3A3Z

!

~—— LNIOr
LNIWIAvD

LINIWIAYd FLIYDONOD 46

“(ATNO 8v¥1S HLI¥NOZ A¥3AT)

‘NON 6 |L

NOIL23S Q31voNnygdoD

Q3ndCd 271
aamvs /1

/

Q31vas anv
aNv d31v3s anvy
NOILD3S 1S3L HOV3
w/€ X ,p/1 LNIOP T¥NIQNLIONGT




*90IAIOS JO 824 9uo A1ojewrixoadde xogge *90TAI9S Jo 89 oUo A[ojewrxoadde aojye
aepmoys ,,d odAL, jo wonipuod [edMdAL G oIndid I9pmMoyYs ,V 9dAL, Jo uonipuod [eotdAl °§ 9an3idg

-8




*901AIOS Jo IBoL ouo A[ojewrixoadde *901AI9S Jo 1894 ouo Arojewrixoxdde
JI9Je I9PINOYS 939I0U0D JO UOTIIPU0D [BOTdAL *L eandid . IeYJe Iop[noyS PIBPUERIS JO UOTIIPU0D [BOIdAL °9 ©InsLi




*jutof
A JI9PNOYS 9)aI0U00 JB JUOWS[HSS 9pelIy °g 2Indig

°918I0U0o Jo uoixrod posowal
oyl uo pur juowasrd oU} UWI [log ¢10SIJ0 IO 910N
*(1y311) 91010100 Jo UOTI0od PoAOISI PuUR (1J9]) oIniiel Jo
Juoixy cjutof uoisuedxe IopInoys e aInfied °goIndig

g

-10=—




*SUO01309S 1597 O[IW J[BY & JO YOBS Ul UMOYS SB POJUSWNIISUI SBM SUB]S

IOPINoYS 9T JO UOI30ds ouQ *30ofoxd I9pNOYs 91I0UOD JO SUOIJOOS POJUSWNIISUT JOF SUOIIBOO] I9ATH  °0T sandd

W 11VL3d

d3dTNOHS 3134DNOD NOILD3S ¥3d

a341nd3y
® ® ® ® mw/ S13AIY 00l

gv1S d43d7TNOHS
40 d431N3D 1V ANV

LNOP 3003 W8 | @ © O © /
% a31vD01 SLIAIY - , O« INIOF ANV WOYS

3NV O144VHL INIW3AVd w7 d3LvO01 S13AIM
S1INIOr
mmoJDOImLOZ_Q_UZ_OU
i SINIOT #
d30TNOHS JOIY31NI Ol= LI T

d3d7NOHS 3134ONOD

—
ole © eje L efjo L] efo o ofe ° ele o oo ° eje o o 0 ._.. L]

[- 1K) -] @ o L] o @ -] e O -] L 1% ] o ® @ (] L] o ® @ -] ofo [ 2 © 9 ® o ._.. ° E-3
(/Fz_o“, 3903 -

1/ m.rz_oﬁ\‘ ..<__..__<._.uo\q|

LNINWI AV

ANV U_n_...__<m._. LIN3IN3AVd

v/w LININIAV : ‘.Ql..mu__slllv,

..

-11~





