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The information conteined in this report was compiled exclusively for the use
of the Michigan Department of Transportation. Recommendations contained
herein are based upon the research data obtained and the expertise of the re-
searchers, and are not necessarily to be construed as Department policy. No
material contained herein is to be reproduced—wholly or in pert-—without the
expressed permission of the Engineer of Materials and Techrology.



INTRODUCTION

This interim report covers the findings to date on the condition of
Michigan's experimental concrete and bituminous shoulders. This is a
Category 2 project conducted in cooperation with the U. S. Department
of Transportation, Federal Highway Administration. The project was
initiated to determine the relative cost! and performance of the portland
cement concrete and improved bituminous stabilized shoulders on 20 pro-
jects.

General Information

Twenty projects were to be used for evaluation of the condition and
performance of shoulders; eleven were to be improved bituminous stabilized
(IBS) shoulders, and nine were to be portland cement concrete (PCC) shoul-
ders (Table 1). Because of changes at the time of construction or narrow
shoulder width, projects 3, 9, and 12 were deleted from the evaluation
and project 13 was reduced in length to a section that would permit a
safe evaluation of its shoulder. The locations of the 20 projects are shown
in Figure 1. Cross-sectional drawings showing shoulder design details
are presented in Appendix A.

The projects range in length from 1.4 to 3.8 miles for the IBS shoulders
and 0.5 to 8.9 miles for the PCC shoulders. The improved bituminous
stabilized shoulders were constructed between April 1972 and the end
of 1977 and the portland cement concrete shoulders were constructed
between April 1972 and the end of 1978.

The performance of the shoulders was determined by condition sur-
veys, noting the amount of cracking and other observable deterioration.
The condition survey was conducted over a 10-mile test area (composite
sample} for both the concrete and bituminous shoulders. The length of
the test section for each projeet was determined by taking a percentage
of the length of the project with respect to the total length of each shoulder
type and multiplying that percentage (Table 2, Column 4) by the length
of the test area (composite sample). The test section shoulder miles (SM)
for the bituminous projects range from 0.6 to 1.7 miles and for the con-
crete projects the SM range from 0.2 to 3.9 miles (Table 2).

One of the bituminous shoulder projects (4) was used to carry traffic
while traffic lanes were being replaced. The test sample length for pro-
ject 4 was used to set up a separate test area (composite sample) and
the project was surveyed for informational purposes only, as none of the
other shoulder projects were used to carry traffic.

1The relative costs of portland cement concrete and improved bituminous
stabilized shoulders have been reported previously in MDOT Research
Reports R-943 (1974) and R-1035 (1976).
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Three of the concrete shoulder projects (16, 18, and 19) consist of
separated 'express' and 'local' freeway lanes and the test sample length
used for the local roadways was the same as the test sample length of
the express roadways. The total test sample lengths for the local road-
ways were used to set up a separate test area (composite sample} and
the local roadways were surveyed for informational purposes only, as
none of the bituminous shoulder projects had local and express lane road-

ways.

" For safety purposes, only the shoulders adjacent to the stationing (gen-
erally the outside shoulder} were considered for the condition survey.
The number of sample units per test section length and the interval be-
tween sample units was determined by methods described in Appendix
B.

It was decided to split the number of sample units between the north-
‘bound and southbound or eastbound and westbound roadways. The samples
were divided by using the odd numbered samples for the northbound (or
eastbound) roadway and the even numbered samples for the southbound
(or westbound) roadway.

The rating system for the initial condition survey classified the localized
distress condition {major, average, or minor) at each of the sample units
and deficiency points (DP) were assigned to the localized distress factors
by severity (mild, moderate, or severe). The localized distress factors
and the rating system used for the IBS and PCC shoulders is shown in
Figure 2. :

The rating system for the total deficiency points (TDP) for the test
section is as follows:

0-30 -Excellent
31 - 60 Very good
61 -390 Good
91 - 120 Fair
‘121 - 150 Poor
151 - 180 Very poor
- 181 - 200 Failed

This being the initial condition survey, the relative performance of the
bituminous vs. the concrete shoulders over time in service (Tables 3 and
4) and the deterioration of the shoulders vs. time (Fig. 3) were determined.
in subsequent surveys the deterioration of the shoulders between surveys
will be determined.
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10
Where: TDP = Average total deficiency

9|~ points for composite sample
TSM = Total shoulder miles for
- composite sample

YR = Average time
in service

YR

Figure 3. Deterioration of shoulders vs. average time in service.

OBSERVATIONS

This initial condition survey was made six to eleven years after the
test projects were completed.

The improved bituminous stabilized shoulders are in generally good
condition. Figure 4 shows the typical condition of the bituminous shoulder
in the fall of 1984. An evaluation of the condition survey by test project
is given in Table 5. Specific comments for test projects 1, 3, 4, 9, 10,
and 11, are as follows.



Project No. 1 - An extra sample was taken because a non-typical dis-
‘tress condition of moderate settlement was noted. The sample also had
a moderate drop-off and moderate bump/sag distress conditions. The
sample was taken for information only and was not used in the deficiency
point rating for the test sectioh.

Project No. 3 - The shoulders were changed at the time of construction
to Michigan's standard paved shoulders, with 170 lb/sq yd of bituminous
aggregate over Class AA shoulder material; therefore, the project was
deleted from the survey. '

Project No. 4 - The northbound shoulders are brand new concrete shoul-
ders and were not surveyed; however, the southbound shoulders are still
the original improved bituminous stabilized shoulders and they were sur-
veyed. There is a 2-ft bituminous strip in the southbound shoulder next
to the concrete pavement (Fig. 5). This was placed in 1982 to bring the
shoulder edge back to the pavement edge elevation after the shoulder
had been used to carry traffic during replacement of the two inside pave- .
ment lanes in 1981. In 1984, the outside lane was replaced but the shoulder
was not touched. The 2-ft strip is not full-depth bituminous but the rest
of the shoulder is still as placed in 1974.

Project No. 9 - The shoulders were changed at the time of construction
to gravel to allow the project to open in December. The next spring the
shoulders were stabilized in-place to a depth of 6 in. and bituminous was
placed over the stabilized material; therefore, the project was deleted
from the survey. :

Project No. 10 - The northbound roadway has a 2-ft bituminous strip
next to the pavement edge and at intervals of approximately 500 ft a
2-ft bituminous strip leading to the outside edge of the shoulder that were
placed when edge drain was placed after the project was completed (Fig.
6). The 2-ft strip is not full-depth asphalt but the rest of the shoulder
is the original IBS shoulder. '

Project No. 11 - An extra sample was taken because a non-typical dis-
tress condition of severe cracking with loss of material at the back of
the shoulder was noted. The sample also had moderate roughness and
moderate raveling distress: conditions. The sample was taken for infor-
mational purposes and not used in the deficiency point rating for the test
section.

The average total deficiency point rating for the 10-mile test area
(composite sample) for the bituminous shoulders was 99.19 (Table 3), which
would correspond to a 'fair' classification.

The portland cement concrete shoulders are in generally good condition.
Figure 7 shows the typical condition of the concrete shoulders in the fall
of 1984. An evaluation of the condition survey by test project is shown
in Table 6. Comments on non-typical conditions found in test projects
12, 13, 14, 15, 16, 17, 18, 19, and 20 are as follows.
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Figure 6. Two-foot bituminous strip next to pavement edge and two-foot bitu-
minous strip leading to edge of shoulder for retrofit drainage system (Northbound
roadway of project 10).

Figure 7. Showing the typical condition of the experimental concrete shoulders
in the fall of 1984 (project 20). !
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Project No. 12 - The combined width of the valley gutter and concrete
shoulder are not wide enough to allow the survey to be conducted safely;
thus, the project was deleted from the survey.

Project Nos. 13, 14, and 15 - The shoulders are median shoulders that
were placed with a third lane widening with bituminous overlay.

Project Nos. 17 and 20 - These are in the Detroit area with curb and
gutter between the pavement and shoulder.

Project Nos. 16, 18, and 19 - These projects are in the Detroit area
with curb and gutter between pavement and shoulder and consist of both
local and express freeway lanes. The surveyed shoulder for the express
freeway lanes also serves as the median shoulder for the local lanes with
either a concrete barrier or earth berm separating them. In the areas where
there is a concrete barrier, there appears to be settlement or frost heave
cracking in front of the barrier (Fig. 8). The amount of this sort of cracking
for the express freeway lanes projects 16, 18, and 19 is 13, 15, and 19 per-
cent, respectively. |

The average total deficiency point rating for the 10-mile test area
(composite sample) for the concrete shoulders is 45.38 (Table 6), which
would correspond to a 'very good' classification.

SUMMARY

The condition survey of the experimental improved bituminous stabilized
shoulders and portland cement concrete shoulders, after about six to eleven
years of service has revealed the following:

1) The improved bituminous stabilized shoulders performed well and
there were no major shoulder failures or repairs (where the shoulder was
not used as a traffic lane).

2) The portland cement concrete shoulders performed well and there
were no major shoulder failures or repairs.

3) Where the concrete shoulder had concrete median barrier on it,

there was more cracking than on shoulder sections without concrete bar-
rier.

The bituminous shoulder. used to carry traffic comprises a test area
(composite sample) of 0.7 miles. The shoulders were surveyed for infor-
mational purposes and were not included in the deficiency point comparison
between the IBS and PCC shoulders, as none of the other shoulder projects
carried traffic.
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The concrete shoulders for the ocal' lanes comprise a test area (com-
posite sample) of 1.3 miles. Again, the shoulders were surveyed for infor-
mational purposes and were not included in the deficiency point comparison,
as none of the bituminous projects had express/local lane combinations.

CONCLUSIONS AND RECOMMENDATIONS

The portland cement concrete shoulders performed better than the
improved bituminous stabilized shoulders, but also are more expensive
to build. There was less surface deterioration, drop-off, and cracking
in the concrete shoulders.

Where concrete shoulders are to have concrete barrier placed on them,
better drainage should be considered, along with adherence to careful
construction practices, to ensure that a uniform base is placed under the
shoulder to stop cracking around the barrier.

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

Recommendations for Subsequent Surveys

1) The sample unit length should be in 100-ft increments by stationing
for both bituminous and concrete shoulders.

2) The condition surveys of the local lane shoulders should be continued
for comparison with the express lane freeway shoulders on projects 16,
18, and 19 to see if the difference in total deficiency points for the test
sections stays the same, increases, or decreases.

3) The condition survey should be continued on shoulders of project
4 to see if they continue to rate higher than the rest of the bituminous
projects, despite the fact that they carried traffic during part or all of
the 1981 construction season.
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APPENDIX A

Design Details for Concrete
and Bituminous Shoulders

-17 -



-slapnoys paasd 8)8JoU0d Jof s[elep usisaq "1V 24n31g

YYTINIS H3LLNG 3 8URD ¥O4 NO11D3S
AVMOYOY 31330N0J VNG NVERN

UEINR YL
“si1pIys -auoy

|
'8

m T

AVMOVOY

RUCINR YL
"$IpLys "ouog

“9u03) Joj aseg "23
yd Y N\ A”

« pasinbal sibq a1} aUD| 10 S4|0q OOy ON

+joucido st Jurio] siy) T19MOLIDU S0 UMOYS LIpIM
ublpaw 104 -umoys sp sjulel ssawyoam jo subyd
10 poAY||NY $INLSUOD ‘SUBIPDUL JAPIM 104 4 4

D upipaw

40 BpIs 19119 |0 pavod pup umoys alsym pajilwo

JUEIT'IR VL

1811ng Kap1ep "auo)

.

-

aseqqgng

#q Aow yuyol uoysundxa sapnb AopjDA 249303 YIIM
Ajjeaiyiloucww Japinoys anod 0 $§33]3 10]9DJUCD §]

|

“h AR TI009

_ 5B
ﬁ“_ugo_ao »a

I/fl ulog :O_n.._Un_Xm ..N\— *

_

wb — ol

uerpan 3

FLINCD VNG TVHM

\.uzau 10] aseg .uuq/

14!

ﬂmﬂﬂﬂ:mb\

*},AB4 “9U09

S43IQINOHS

Q3AVd 3L3HINOD

~19 =



*sdapinoys peasd 21240U00 J0] spiBlep udiseq °(3,uU00) [V sandig

HNOd LSHI4 OL LNIIVIQY Q305vd
3€ 1SNW 3A3ITS "IVIHILYW HY WIS H3IHL0 HO

ANFHALSRIOS MU0 'WIYBNY L 40S JO 30vW 36 OL YV NOILD3S

S1108 MOOH OL TViN3dIDNI

TvLl3d 3A33S

P .

NONIXYN 2
WNNININ 275

[

WNNINIW .2/1

HIALINYI]
110d MOOH Q3IDHOANIFHNN "YIATNOHS ALIEONOD

WNWINIW 'gv7iS ‘¥3d 'D3Y + 'S1108 MOOH ,91/6

—3HVYNLS HO vl 30 3387 3A337S y3geny
ONNOY TYNOILdC

UNNOANOD DNIYND SIVOD OML HO
SNONINNLIG/M IIvIHNS INIvd

H3IATNOHS JLIHONCD IVLINIWIHILXD

AININWIAYL
JLIYONGD

LNOAYT LTOEMOOH IWVIIdAL
Y

LNIOT WON A -0Z NYHL IHOW 3B “T1M 1TV 41 § 380
© #0b 4¥ 030VJS ATTIVNIWON

— 02 Y34V SIHL Ni m._.n_O_mxoo_.._ ¥ isval Ay

-.ON i

v

INAWIAYd 3 LIHONOD

-20 -




*sdspnoys paaerd 21940U00 JoJ s{IB)ap udisa(] °(3,Ucd) 1V 2andig

dAVY  313YINCT

\ 0u0) 10j aseg -9y /

—4

!

RYLL" BB

iy g 191 yd -
“Sipjus -oued 1 adkj — oL

-921




UipIk Japgnays

JUBHIARH 31940009

*sdaproys pased 23940U03 O] m:muov udiseq -(}u02) 1y 2an3ig

V-V NOWLJ3S

“191 B0 UBI AN WOL) 9
uniyeBnsios doys Csueipaw 104 310N

NOILJIS Q3LVONY¥0d ¥ ANIOF ¥30WO0OHS  3E3YINOJ

(suawasny L asoyf YaDW o)
lspjnoys ul spuiol uoisuodxy 930)4)
pajosg g pousiog 4o pamng 7 X ,8/F

\ Qujoj S8IBASUD ]

~__

-yuzswaind pajuiol

o4 juasnipo pasojd usym
jutof suswaang Yitm paubyie
Jufor sepnoys ynoy A1sAg

'

¥

o

ojs ysinoy A1sA3)
uoyyoeg painbnio)

N

e_::o

reaidh g - ;i1

qe|S juawaaed sad sge|s iapinous y - jeotdh) .6 - L0

- 22 -




YIRS YILIND B BYND MDA NOILDIS
AYMOVOY 31340802 WNO  Nvadan

"2u0) 1) aseg 33y

A

‘s19pnoys paard snourwiniig Joj s{re1ap udiso(q gV 2andig

WA 3 149

A:ﬁ:w fa|rep -ouoy

L\

N

aseqqng /
R 7771170720100

/ )= 4 7
WAy 7 191 S s|=
(1,req -oU0Y) - lihed “duog . 2| =
"SIPIYS “119 ToaE T B
o 18 - 4 ¥ ' T By A
uf = 2l 1Bl
AVMOYON 3JL3WINOD VRO VI
\\\..u:au Jo) aseq iy ////
\ y i /ummnn:m/ I*r :
e g m\\\\\\\\\W\\\\\b : T
£ wnwrun \\\\\\w =
=1 (3,ae4 -ou0g) ‘1.AE4 "5U0] =
. .
pIuS "31@ e —
- , 1B .6 !
- 101 18 o
aG3iAvd SNONIWNLIG

SY3IAINOHS

-93 =



*SIspnoys paaed snouruinlig JoJ s[iel1sp udisaqg °(3,uod) gv 8andig

S¥3UINDHS  SNDNINNLIA I 3dAlL
404 A

KIR Jue)d ~ aseqg "}iQ —

"sIplus 33y 319
. diN¥d  JL3HONCD

\ ‘oUGy J0j aseg -BBy

aseqqns \

L

"31,A84 "2U0%

By 7 1ol
("3,aR4 "2U0)) N
"SIPIYS "1ig — W

N\, “¥8
-

¥

A

- 24-,



‘siapnoys paard 21940U02 JO] [IB1SOP PASIARY ¢V 24n3ig

AVMAYOY JL3YONOD TvNna TIvdNy

\ "ODNOD- 35VvH .QU(J

‘\ L]
H \um<mm3m y /_ - ___/ F/um,qmm:m ;
&.V a0 BT %. .......- uc.m;.”.u......- FREX ”..“l— ——— \b" . e
+ B g R S N R R T PACS o3
k \ J\Mw - * |
) L% o
1HOM ¥ L3437 e " e
‘S4aHS 9N02 - |- . -—
| 6 ‘L, A¥d “DNOD S
- 01 i o 8 ]

SH3AINOHS d3AVd J13YONOD



APPENDIX B

The number of sample units per test section length and the interval
between sample units was determined by using the following equations:

Npgw?2 W
Nsy = (92— 1
(821 Npg-i + ()2
i = Npg (2)
Msu
where:
NTg = total number of sample units in the test section.

e = allowable error in the estimate of the section pavement con-
dition index. As this was the initial survey it was assumed
to be 5 to allow for 95 percent confidence in the survey.

i = standard deviation of the pavement condition index between
sample units in the test section. As this was the initial survey

. it was assumed to be 10.
Mgy = Ngy = minimum number of sample units for test section
rounded to the nearest whole integer.
Npig = total number sample units in the project.

,_.
1]

sample interval approximated to the smallest integer.

The number of sample units was determined for the IBS shoulders by
dividing the length of the project or test sample length by the length of
one sample unit which equals 100 ft. The number of sample units for
the PCC shoulders was determined by dividing the project length or test
sample length by the. length of one sample unit which equaled the length
of one pavement slab length or three or four shoulder slab lengths.

The total number of sample units (N7g) in the test sample, the total
number of sample units in the project (Npy), minimum number of units
to be sampled (Ngy; and Mgy), sample interval (i), random start number
(s) for the first sample unit to be surveyed ('s' is selected at random be-
tween 1 and '' using random number tables), stationing for the POB and
POE of the project, the beginning station for 's' and the length of one
sample unit are shown in Table Bl. The computations for 'Npy," "™Nrg,'
'Ngy,' and 'i* and the determination of the sample units are shown in Figure
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