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ABSTRACT 

An experimental mod i f i ca t ion  o f  the transverse groove 

surface tex tu re  o f  a sect ion o f  an urban i n t e r s t a t e  highway was 

performed by the Iowa Department o f  Transportation. Transverse 

groove tex tu r i ng  i s  a design feature required by the Federal 

Highway Administrat ion t o  reduce skidding under wet pavement 

condit ions. Adjacent residents claimed the tex tu r i ng  was the 

cause o f  espec ia l l y  annoying tonal charac ter is t i cs  w i t h i n  the 

t r a f f i c  noise. A research proposal t o  modify the e x i s t i n g  

texture pa t te rn  by surface gr ind ing and t o  study the noise and 

f r i c t i o n  e f f e c t s  was approved f o r  funding by the Iowa Highway 

Research Board. Results i n  the form o f  a comparison between 

t r a f f i c  noise before modi f icat ion and t r a f f i c  noise immediately 

a f t e r  and 15 months a f t e r  modi f icat ion ind ica te  t ha t  the change 

i n  surface tex tu re  has lowered overa l l  t r a f f i c  noise leve ls  by 

reducing a high frequency component o f  the t r a f f i c  noise 

spectrum. F r i c t i o n  tes t i ng  data show reduced capacity o f  the 

roadway t o  i n h i b i t  wet pavement skidding as a r e s u l t  o f  the 

surface modi f icat ion.  
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E f f e c t s  o f  Pavement Surface Texture 
on Noise and F r i c t i o n a l  C h a r a c t e r i s t i c s  

1-380 Pavement Texture M o d i f i c a t i o n  Research P r o j e c t  
P a r t  I - I n i t i a l  Study 

I n t r o d u c t i o n  

S h o r t l y  a f t e r  1-380 was open t o  t r a f f i c  through t h e  nor the rn  p o r t i o n  

o f  Cedar Rapids, Iowa, the Iowa Department o f  T ranspor ta t ion  rece ived 

complaints from res iden ts  whose p r o p e r t i e s  ad jo ined t h e  highway r i g h t - o f -  

way. Peak no ise l e v e l s  a t  wors t  case l o c a t i o n s  were confirmed a t  t h a t  t ime 

by f i e l d  measurement t o  exceed t h e  Federal Highway Admin is t ra t ion  design 
.... ~ ...... ~.~ .~ ~ -~.-. 

c r i t e r i a  f o r  r e s i d e n t i a l  l and  use. T r a f f i c  no ise l e v e l s  have s ince  

increased as subsequent sect ions o f  1-380 have been completed. Aside from 

the o v e r a l l  no ise l e v e l s  t h e  res iden ts  po in ted t o  t h e  t ransverse groove 

t e x t u r i n g  on t h e  pavement sur face as t h e  cause o f  e s p e c i a l l y  annoying tona l  

q u a l i t i e s .  Th is  research study i s  being conducted f o r  t h e  purpose o f  

documenting t h e  change i n  t r a f f i c  no ise  and pavement f r i c t i o n a l  character -  

i s t i c s  when t h e  f e d e r a l l y  s p e c i f i e d  pavement t e x t u r e  i s  mod i f i ed  by surface 

gr ind ing.  

Background 

I n t e r s t a t e  380 extends from 1-80 i n  Johnson County t o  the City o f  

Waterloo i n  Black Hawk County, Iowa. The Cedar Rapids met ropo l i tan  area i s  

b isected by t h e  hlghway. The study area i s  a sec t ion  o f  1-380 i n  nor theast  

Cedar Rapids t h a t  p a r a l l e l s  a r e s i d e n t i a l  s t r e e t ,  S i e r r a  Dr ive,  which l i e s  

t o  t h e  west (F igure A). Seventeen residences a r e  loca ted  between S i e r r a  

Dr i ve  and the highway w i t h  t h e i r  backyards f a c i n g  1-380. Th is  r e s i d e n t i a l  

development occurred genera l l y  concur ren t l y  w i t h  t h e  f i n a l  development 

stages of t h e  actua l  highway p r o j e c t .  The general highway c o r r i d o r  had 

been o r i g i n a l l y  recommended by l o c a l  p lanners i n  t h e  e a r l y  1960s. 
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Environmental studies were completed i n  1975 (D ra f t  EIS) and 1977 (F inal  

EIS). Design in format ion was presented a t  pub l i c  hearings i n  1975 and i n  

1978 (as a p a r t  o f  another segment o f  1-380). Resident ial  development i n  

the study area began a t  the nor th end of S ierra Dr ive a t  Coldstream Avenue 

i n  the ea r l y  1970s and was completed i n  the l a t e  1970s. 

Because o f  the a v a i l a b i l i t y  of open space an ear th berm/solid wal l  

noise b a r r i e r  was incorporated i n t o  the design o f  1-380 t o  p ro tec t  the 

e igh t  northernmost homes along Sierra Drive. Preservation o f  the e x i s t i n g  

trees t o  the south o f  t h i s  wal l  was an important concern o f  the residents 

a t  t ha t  time, It has been the pos i t i on  o f  Iowa DOT t h a t  construct ing a 

wal l  a t  e i t h e r  the roadway o r  the right-of-way l i n e  t o  b e n e f i t  the most 

exposed o f  the remaining residences t o  the south would no t  provide suf-  

f i c i e n t  noise reduct ion t o  j u s t i f y  the estimated costs. As an a l t e rna t i ve  

approach t o  the problem an experimental mod i f i ca t ion  of the surface texture 

was suggested t o  determine i f  the overa l l  noise leve ls  and/or the annoying 

"whine" i d e n t i f i e d  by the residents might be reduced. The Iowa Highway 

Research Board approved the proposal f o r  funding, a contractor  was h i red  

and a 1,700-foot sect ion o f  the southbound lanes o f  1-380 were modif ied by 

long i tud ina l  surface gr ind ing i n  October 1985 (Figure C). The purpose of 

t h i s  research i s  t o  document the e f f ec t s  o f  pavement surface mod i f i ca t ion  

on t r a f f i c  noise leve ls  whi le  a lso monitor ing changes i n  f r i c t i o n a l  charac- 

t e r i s t i c s .  

T r a f f i c  Noise Measurements 

Noise data acqu is i t ion  was made possible by the cooperative e f f o r t s  o f  

several o f f i ces  w i t h i n  the Federal Highway Administrat ion which resul ted i n  

the a v a i l a b i l i t y  o f  FHWA's Demonstration Projects D i v i s i on  mobile noise 

laboratory.  This equipment afforded simultaneous measurement o f  overa l l  
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noise l e v e l s  a t  mu1 t i p l e  microphone locat ions.  Add i t i ona l l y ,  frequency 

ana lys is  a t  one microphone i s  poss ib le  fo r  each moni tor ing per iod using 

t h i s  system. T r a f f i c  noise was monitored before  the pavement surface was 

modi f ied  and immediately fo l l ow ing  surface modi f icat ion.  E ight  microphone 

loca t ions  were used as described below and ind ica ted  on Figure 8: 

backyard deck a t  1500 Sierra,  e leva t ion  162, 290 f e e t  from roadway 

backyard a t  1500 Sierra,  e leva t ion  152, 290 f e e t  from roadway 

back deck a t  1438 Sierra,  e leva t ion  167, 260 f e e t  from roadway 

ROW fence a t  1500 Sierra,  e leva t ion  142, 110 f e e t  from roadway 

ROW fence a t  1524 Sierra,  e leva t ion  136, 100 f e e t  from roadway 

backyard a t  1524 Sierra,  e leva t ion  146, 305 f e e t  from roadway 

backyard a t  1600 S ier ra ,  e leva t ion  144, 280 f e e t  from ramp, 
330 feet  from main l i n e  

backyard a t  1606 Sierra,  e leva t ion  144, 260 f e e t  from ramp, 
345 f e e t  from main l i n e  

A t o t a l  o f  44 15-minute samples were taken p r i o r  t o  pavement surface 

gr inding.  Th i r ty - two 15-minute samples were taken a f t e r  g r ind ing  was 

completed. Overal l  noise leve ls ,  described by Leq, were computed by the 

labora to ry ' s  data ana lys is  system f o r  each microphone dur ing each sampl i n g  

period. However, a frequency ana lys is  r e p o r t s  i n  the form o f  a histogram 

o f  the Leqs o f  27 frequency bands, can be produced f o r  on ly  a s i n g l e  

microphone dur ing each sampling per iod w i t h  t h i s  system. 

The samples were obtained dur ing morning and evening rush hours as 

w e l l  as off-peak t r a f f i c  per iods throughout a t y p i c a l  weekday. Tota l  d a i l y  

t r a f f i c  volumes were observed dur ing 15-minute counts t o  have increased 

s l i g h t l y  dur ing the " a f t e r "  measurements as a r e s u l t  o f  1-380 having been 

opened t o  t r a f f i c  on the sect ion which completed the highway t o  Waterloo. 

Larger volumes o f  medium and heavy t rucks recorded dur ing the a f t e r  counts 

appear t o  be the primary cause o f  the increased noise. 



I n  terms o f  general  A-weighted no ise l e v e l s  w i t h o u t  regard t o  

frequency c h a r a c t e r i s t i c s  t h e  before  and a f t e r  data  a r e  summarized i n  two 

tables.  Table 1 i n d i c a t e s  h o u r l y  Leqs f o r  a 24-hour weekday sampling 

pe r iod  f o r  both  be fo re  and a f t e r  cond i t i ons  a t  S i t e  1. Th is  data was 

obtained by  t h e  use of a BBN 614 community no ise analyzer.  Table 2 shows 

before  and a f t e r  Leqs f o r  t y p i c a l  weekday morning and evening peak t r a f f i c  

per iods and a l s o  f o r  a midday (off-peak) p e r i o d  a t  each s tudy s i t e ,  w i t h  

accompanying t r a f f i c  counts. 

TABLE 1 

24-Hour Sample a t  S i t e  1 

Hour ly  Leq, dBA 
Time - Before Gr inding* A f t e r  Gr inding** 

* September 5, 1985 
** October 28, 1985 



TABLE 2 

Representat ive Before and A f t e r  Leqs a t  Each Study S i t e  

15-Minute Leq, dBA 

Morning Peak Evening Peak 

S i t e  - Before After Before After I - Off-peak (Midday) 

Before - A f t e r  

Autos 207 548 352 967 805 475 850 457 360 269 410 318 
MTrks .  6 7 16 15 1 6 

8 7 
4 1  9 

11 11 15 
H Trks. 12 11 15 15 10 22 13 29 20 14 3 1  20 

* "Before" measurements were made a t  S i t e  8; 
" A f t e r "  measurements were made a t  S i t e  7. 

The data i n  Table 1 show s l i g h t  b u t  cons is ten t  increases i n  midday and 

evening rush hour Leqs o s t e n s i b l y  due t o  increased t r u c k  t r a f f i c  r e s u l t i n g  

from 1-380 complet ion t o  Waterloo. T r a f f i c  no ise  l e v e l s  du r ing  t h e  morning 

rush per iod,  which has a h igher  southbound t r a f f i c  volume, may have been 

a f f e c t e d  by  t h e  pavement su r face  g r ind ing .  Tab le  2 data  a l s o  suggest t h i s  

e f f e c t .  Morning peak no ise l e v e l s  a t  a l l  s tudy s i t e s  d i d  n o t  increase even 

w i t h  s u b s t a n t i a l l y  h igher  t r a f f i c  counts. I n  f a c t ,  no ise  reduct ions i n  the  

range o f  2 dBA were observed a t  S i t e s  4 and 5, t h e  two ROW l i n e  s tudy 

s i t e s .  This was n o t  t h e  case du r ing  the  evening peak t r a f f i c  p e r i o d  where 

s l i g h t  increases were t h e  norm except a t  S i t e s  3, 4, and 5 which a r e  most 

exposed t o  1-380. S l i g h t  decreases were measured a t  those s i t e s .  Dur ing 

the  midday off-peak per iods t y p i c a l  " a f t e r "  no ise l e v e l s  were somewhat 

h igher  a t  each s i t e ,  apparen t l y  due t o  increased t r a f f i c .  Again o n l y  very  



minimal increases were observed a t  S i t e s  4  and 5  desp i te  the  l a r g e r  t r a f f i c  

volume d u r i n g  t h i s  15-minute sample. I n  terms of o v e r a l l  no ise  l e v e l s ,  

these data  i n d i c a t e  a  q u i e t i n g  e f f e c t  on southbound t r a f f i c  as a  r e s u l t  o f  

t he  pavement su r face  mod i f i ca t ion .  They f u r t h e r  i n d i c a t e  t h a t  t h i s  e f f e c t  

i s  most observable a t  t h e  nearest  s tudy s i t e s .  

I n  terms o f  f requency-speci f  i c  n o i s e  l e v e l s ,  as descr ibed p r e v i o u s l y  

one microphone cou ld  be c a l i b r a t e d  f o r  frequency spectrum a n a l y s i s  du r ing  

each 15-minute sampling per iod.  Representat ive frequency ana lys i s  r e p o r t s  

were obta ined f o r  each o f  t h e  s tudy s i t e s  f o r  both before  and a f t e r  con- 

d i t i o n s .  Actua l  t r a f f i c  counts were n o t  made dur ing  each o f  t h e  76 

sampling periods. T h i s  precluded comparison of before  and a f t e r  spec t ra  

based on a  constant  t r a f f i c  parameter. Instead, f o r  each s i t e  an e f f o r t  

was made t o  compare frequency histograms where t h e  o v e r a l l  b e f o r e  and a f t e r  

Leqs were the  most s i m i l a r .  For example, Figures 1 and 1A a r e  copies o f  

the  ac tua l  r e p o r t s  (produced by t h e  FHWA no ise ana lys i s  system p r i n t e r )  f o r  

S i t e  1 be fo re  and a f t e r ,  respec t i ve l y .  A d d i t i o n a l  i n fo rmat ion  i n  t h e  form 

o f  the  date  and t ime o f  the  sample has been added. The frequency p r o f i l e s  

o f  t h e  be fo re  and a f t e r  r e p o r t s  f o r  each s i t e  can then be compared and any 

obvious change i n  t h e  frequency c h a r a c t e r i s t i c s  o f  t h e  moni tored t r a f f i c  

no ise can be i d e n t i f i e d .  

Comparing these data, the  general  shape o f  the  histograms formed by 

the  Leqs o f  Channel 14 (25 Her tz )  through Channel 40 (10,000 Her tz )  a r e  

s i m i l a r  w i t h  peaks i n  the  80-100 Her tz  and 1,000-1,250 Her tz  ranges. Upon 

c l o s e r  i n s p e c t i o n  o f  t h e  be fo re  and a f t e r  data, however, two areas o f  t h e  

frequency spect ra  show no t i ceab le  d i f f e rences .  F i r s t ,  t he  80-100 H e r t z  

peak i n  t h e  a f t e r  r e p o r t s  are g e n e r a l l y  h igher ;  t h i s  would be expected f rom 

t h e  increase i n  low frequency no ise  emissions from the  observed h i g h e r  

t r u c k  volumes. The common h igher  frequency peak a t  t h e  1,000-1.250 Her tz  



(1.0 KHZ - 1.25 K) range remained general ly unchanged. A second dichotomy 

from before data, however, i s  i d e n t i f i e d  i n  the highest frequency ranges, 

p r imar i l y  a t  8,000 Hertz. Here peaks t h a t  were consis tent ly  evident 

especia l ly  a t  the ROW s i t es  (Si tes 4 and 5) were c l e a r l y  reduced 

(Figures 4A and 5A). This high frequency was less  prominent i n  the before 

data a t  the more remote si tes, w i t h  S i t e  6 (Figure 6) showing somewhat 

higher values i n  these ranges than the other s i t es  near the houses. I n  a l l  

cases, however, t h i s  high frequency peak was reduced t o  below the 40 dB 

" f l oo r "  o f  the analysis system i n  the a f t e r  data. These observations would 

suggest t ha t  the pavement surface modi f icat ion has e f f e c t i v e l y  el iminated a 

high frequency component o f  the before t r a f f i c  noise spectrum. 

The transmission o f  high frequency noise i s  af fected by intervening 

ground cover and t ree  fol iage. The d i f ference i n  S i t e  6 compared t o  the 

other s i t es  near the af fected residences could possibly be a funct ion o f  

both overa l l  exposure t o  the highway and in tervening vegetation. Si tes 1 

and 2 are closer t o  the h i l l  and highway cu t  a t  the south extremity o f  the 

exposed area whi le  S i t e  7 i s  closer t o  the ex i s t i ng  noise wal l  which 

defines the north extremity o f  the study area; S i t e  6 represents maximum 

horizontal  exposure t o  1-380. Elevat ion di f ferences among these s i t es  may 

also a f f e c t  exposure t o  h igh frequency noise. I n  the higher-elevated 

Sites, 1 and 2, there appears t o  be more m i t i ga t i on  o f  high frequency noise 

from intervening fol iage. Si tes 7 and 8 are less exposed t o  high frequency 

t i re /sur face in te r face  noise by v i r t u e  o f  t h e i r  lower elevation. 

No survey o f  the adjacent residents was car r ied  out  t o  gauge t h e i r  

immediate opinion as t o  the e f f e c t  o f  the surface modi f icat ion on the 

quant i ty  o r  q u a l i t y  o f  the t r a f f i c  noise. During the a f t e r  monitoring 

session one resident of fered h i s  judgement t ha t  the p i t c h  o f  the t r a f f i c  

noise was less annoying. Another, however, t e s t i f i e d  tha t  two tones were 



now noticeable and the noise was not improved by the project. It is the 

opinion of the authors that the immediate effect of the surface grinding 

was noticeable and one of improvement; the tire noise was appreciably 

quieter in our opinion. 

Summary and Preliminary Conclusion 

Based on measured overall noise levels and frequency analyses, the 

modification of transverse groove pavement surface texture by longitudinal 

grinding has lowered traffic noise levels by reducing a high frequency 

component of the total traffic noise spectrum. Calculation of the absolute 

degree of reduction is complicated by the change in traffic characteristics 

between before and after conditions. Applying the most recent version of 

FHWA's Traffic Noise Prediction Model, Stamina 2.0, to the morning rush 

hour conditions of Table 2, the predicted before noise levels are consis- 

tently lower than those actually measured while the predicted after noise 

levels agree much more closely with those observed. These data are shown 

in Table 3. The FHWA noise prediction model does not consider the effects 

of special pavement surface textures which might explain the discrepancy 

between the predicted and observed Leqs in the before situation. It 

appears that the increase in traffic has in effect offset the noise reduc- 

tion benefits of the pavement modification in the study area. This also 

suggests the noise reduction benefits of the grinding project during the 

morning peak traffic hour may approach the 1-4 dBA range at the affected 

residences. Uhile this degree of reduction is appreciably less than the 

8-10 dBA reduction required to recommend construction of noise walls by the 

Iowa DOT, these preliminary data suggest that alternative surface treat- 

ments might be worthy of consideration in some situations. 



TABLE 3 

Appl icat ion o f  Stamina 2.0 - Comparison With Observed Leqs 
Morning Peak Hour Leq, dBA 

Before Dif ference = A f te r  
S i t e  Predicted Observed Estimated Reduction Predicted Observed - 

Roadway Surface F r i c t i o n  Test ing 

Before and a f t e r  f r i c t i o n  tes t i ng  was conducted on the experimental 

roadway sect ion by the Special Invest igat ions Section o f  the Iowa DOT'S 

Of f i ce  o f  Mater ials.  A pavement surface f r i c t i o n  tes t i ng  un i t ,  ca l ib ra ted  

i n  accordance w i th  standardized procedures a t  the Texas Transportation 

I n s t i t u t e  i n  College Station, Texas, was used. The u n i t  i s  towed over the 

t e s t  section and measures the coe f f i c i en t  of f r i c t i o n  on the wetted pave- 

ment surface. Table 4 summarizes the f r i c t i o n  data collected. These 

i n i t i a l  data ind ica te  minor changes i n  the f r i c t i o n  character is t ics o f  the 

h igh ly  traveled center and r i g h t  lanes as a r e s u l t  o f  the surface modi f i -  

cation, More s i g n i f i c a n t  f r i c t i o n a l  changes resul ted from the modi f icat ion 

on the l e f t  and ramp lanes because o f  lesser texture wear on the before 

condi t ion due t o  l i g h t e r  t r a f f i c  volumes. The speed gradient, which i s  the 

reduct ion i n  coef f i c ien t  of f r i c t i o n  per m i l e  per hour increase i n  speed, 

indicates a consis tent ly  higher gradient f o r  the a f t e r  condit ion. This 

t ranslates t o  a lower capacity o f  the roadway t o  reduce skidding on the wet 

pavement surface as t rave l  speed increases. Further f r i c t i o n  tes t i ng  was 

conducted i n  pa ra l l e l  t o  the f i n a l  noise monitor ing por t ion  of t h i s  

research project.  These f i n a l  studies are discussed i n  Par t  I 1  o f  t h i s  

report. 



TABLE 4 
Mean coe f f i c i en t  o f  F r i c t i o n  Values - 1-380 Test Sect ion 

Standard T i r e  (ASTM E-501) 

Calculated 
40 m h 

- - eR f te r  
55 m h 

Before - --fter Before - -&- 
L e f t  Lane 53 (8) 49 (4) 51 (8) 41 (4) .13 
Center Lane 

.53 
42 (8) 46 (4) 38 (8) 38 (4) .27 -53 

Right  Lane 42 (8) 43 (4) 40 (8) 37 (4) .13 
Ramp Lane 

.40 
51 (4) 43 (4) (unable t o  run ramp lane a t  55 mph) 

Smooth T i r e  (ASTM E-524) 

Calculated 
40 m h 

- -g l f te r  
55 m h i{;m:eGradi;;kr 

Before - Before -+fter - - - 
L e f t  Lane 50 (12) 42 (4) 45 (12) 35 (4) .33 .47 
Center Lane 38 (12) 40 (4) 33 (12) 34 (4) 

37 (12) 36 (4) 
.33 

Right  Lane 
.40 

34 (12) 30 (4) .20 
Ramp Lane 46 (8) 37 (4) 

.40 
(unable t o  run ramp lane a t  55 mph) 

(Number o f  Samples) 





C
H

N
 

L
E

Q
 O

F
 E

A
C

H
 C

H
A

N
N

E
L 

r:
 

FI
G

U
RE

 
1A

 
15

00
 S

IE
RR

A
 D

RI
V

E 
DE

CK
 

10
/2

8/
85

 
3:

00
 
- 3

:1
5 

P.M
. 

L
E

V
E

L
<

 D
B

A
 )
 







C
H

N
 

LE
Q

 
O

F
 E

A
C

H
 

C
H

A
N

N
E

L 
FIG

U
RE 3A 

1438 SIERRA
 D

RIV
E DECK 

10/29/85 
9:35 - 9:50 

A.M. 







C
H

N
 

LE
Q

 
O

F
 E

A
C

H
 

C
H

A
N

N
E

L 
FI

G
U

RE
 3

A 
14

38
 S

IE
RR

A
 D

RI
V

E 
DE

CK
 

10
/2
9/
85
 

9:
35

 
- 

9:
50

 
A.M

. 





'W'd 
SZ:lL - 0O:ZL 

S8/S/6 
MOtl 

3AItlO 
Wtltl3IS 

0051 
P 3tlil9IJ 



IlB
t3

W
 

t 
S
M
P
 

86
16

10
 

FI
G

UR
E 

4A
 

15
00

 S
IE

RR
A 

DR
IV

E 
RO

W 
10

/2
9/

85
 

11
:5

5 
A.

M
. 

- 1
2:

10
 

P.
M

. 

C
H

N
 

LE
O

 
O

F 
E

A
C

H
 

C
H

A
N

N
E

L 
5
 & 7
 

&
-&

 
I$"." 

@
 .
 r1
 

1
3
-
3
A
.
 5
 

-.
 

1
1
2
-
4
 

, 
1x
z5
g 

IS
 

6
3

 
1
9
-
3
6
 

~
n

-
I

 on
 

U
 

51
-1

35
 

jr
*
 

&
-
I
F
-
 

23
-2$

39
 

;
2
$
-
2
5
@
 

L
.-S

-S
I .J 

'6
-
 
I?."
 

k
4

 $
tf

i 

<
.

 

P i! 
0

 
* 
2
0
 

i 
ao

 
i 
2
8
 

1 3
.
.
 

L
E

V
E

L
<

 D
BA

 > 



'W
'V 

St:O
L - 0c;ot 

581 1116 

c waa >
1
3
n
3
i 



LE
G

! 
O

F
 E

A
C

H
 

C
H

A
N

N
E
L 

- 
FI
GU
RE
 5
A 

15
24
 S
IE
RR
A 

DR
IV

E 
RO
W 

10
;1
28
/8
5 

12
:0
5 

- 1
2:
20
 
P.
M.
 

LE
U

E
L<

 D
BA

 ?
 



'W
'd 

St:* - O
E:8 

S8/0 1/6 
08W

AX3W
8 3

A
IM

 VIM3IS PZSL 
9
 an

913 



G
E@

W
 

I 
S
M
F
 

06
06

 

LE
G!
 

O
F 

E
A

C
H

 C
H

R
N

N
E

L 
-'Y

 
FI
GU
RE
 6
A 

15
24
 S

IE
RR

A 
10
/2
8/
85
 

A
 

'1
 oe

 
'1 
2
8
 

LE
U

E
L<

 D
B

A
 > 

DR
IV
E 

P.
M.
 

BA
CK
YA
RD
 



'W
'd 

Ot:S - 52:s 
58/01/6 

a8WAX3Yg 
3AIMa W

M
IS 9091/0091 

L 3
a
n
x
j
 



C
H

N
 

L
E

Q
 O

F 
E

A
C

H
 

C
H

A
N

N
E

L 
FI
GU
RE
 7

A 
16
00
/1
60
6 
SI
ER
RA
 D
RI
VE
 
BA

CK
YA

R 
10
/2
9/
85
 

9
~
0
5
 - 9

~
2
0
 A.
M.
 

LE
V

E
L<

 D
B

A
 )
 



Part  I 1  - Final Study 

Follow-up T r a f f i c  Noise Measurements 

Follow-up studies scheduled f o r  the spring o f  1986 and f a l l  o f  1986 

were delayed because o f  operational problems w i t h i n  the FHWA mobile noise 

laboratory. The needed repa i rs  involved rep1 ac i  ng the system's computer 

and repa i r ing  the RMS detector which i s  the system's primary noise data 

acqu is i t ion  component. I n  ea r l y  January 1987 the laboratory was again 

f u l l y  operational and i t  was transported t o  the pro jec t  s i t e  during a 

period o f  unseasonably favorable weather. Noise data were obtained i n  

accordance w i th  the previous sampling format on January 8 and 9, 1987. A 

t o t a l  o f  16 samples were co l lec ted  representing both morning and evening 

rush periods and a lso off-peak t r a f f i c  condit ions. Sampling s i t e  con- 

d i t i ons  were the same as before except t h a t  the fo l i age  was absent and 

overa l l  t r a f f i c  volumes were somewhat lower due t o  normal seasonal f luc-  

tuation. Overall t ruck volumes were s im i l a r  t o  those counted during the 

e a r l i e r  studies. Table 5 summarizes a f i n a l  24-hour sample o f  S i t e  1 using 

the BEN 614 community noise analyzer, and Table 6 provides the f i n a l  

representative Leqs a t  each s i t e .  



Table 5 

Summary o f  F ina l  24-Hour Samples a t  S i t e  1 

Time - 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 

Hourly 
Before Grinding* 

Leq, dBA 
A f t e r  Grinding** F inal  Sample*** 

61 
61  
60 
59 
59 
62 
66 
68 
68 
67 
67 
67 
67 
67 
68 
68 
68 
68 
66 
65 
64 
64 
63 
61 

* September 5, 1985 
** October 28, 1985 

*** January 21, 1987 

Table 5 summarizing 24-hour sampling a t  S i t e  1, ind icates t h a t  overa l l  

noise leve ls  a t  S i t e  1 are much the same as were measured 15 months e a r l i e r .  

The data i n  Table 6 l ikewise genera l ly  show very s im i l a r  f i n a l  values as 

compared t o  the a f t e r  data (from Table 2) measured previously. The evening 

peak Leqs are consis tent ly  s l i g h t l y  lower owing t o  a Ggn i f i can t1y  lower 

southbound heavy t ruck volume during t h a t  f i n a l  sampling period. The 

morning peak and off-peak f i n a l  values i n  Table 6 are qu i t e  s i m i l a r  t o  the 

a f t e r  data, w i t h  the s l i g h t l y  higher southbound t ruck volumes o f fse t t ing  t o  

some extent the e f f ec t s  o f  lower auto volumes. 



T
ab

le
 6
 

S
it

e
 

-
 

1 2 3 4 5 
%
 

6 

7/
8*
 

M
or

ni
ng

 P
ea

k 

B
ef

or
e 
-
 

A
ft

e
r 

69
.7
 

69
.4
 

69
.8
 

68
.7
 

70
.9
 

70
.4
 

77
.0
 

74
.7
 

74
.0
 

72
.1
 

67
.2
 

67
.0
 

67
.8
 

66
.6
 

Su
m

m
ar

y 
o

f 
R

ep
re

se
nt

at
iv

e 
Le

qs
 a

t 
E

ac
h 

S
tu

dy
 S

it
e

 

l5
-M

in
ut

e 
Le

q,
 

dB
A 

-
 

F
in

a
l 

70
.3
 

68
.7
 

71
.4
 

76
.2
 

72
.7
 

67
.6
 

E
ve

ni
ng

 P
ea

k 

B
ef

or
e 

A
ft

e
r 
-
 

68
.8
 

70
.2
 

68
.7
 

69
.9
 

72
.4
 

72
.1
 

75
.4
 

75
.0
 

72
.8
 

72
.1
 

67
,O
 

67
.7
 

66
.1
 

67
.7
 

-
 

F
in

a
l 

69
.5
 

68
.3
 

71
.5
 

73
.6
 

71
.8
 

67
.3
 

O
ff-

P
ea

k 
(M

id
da

y)
 

B
ef

or
e 

A
ft

e
r 
-
 

F
in

a
l 

.-
 

67
.7
 

68
.6
 

68
.7
 

66
.9
 

67
.4
 

66
.9
 

68
.5
 

69
.3
 

7.
04
 

73
.3
 

73
.4
 

73
.5
 

70
.1
 

70
.3
 

70
.5
 

64
.4
 

66
.1
 

65
.5
 

64
.3
 

65
.5
 

65
.1
 

NB
 

SB
 

NB
 

SB
 

-
 
- 

-
 
-
 

NB
 

SB
 

-
 
-
 

NB
 

SB
 

-
 
-
 

NB
 

SB
 

-
 
-
 

NB
 

SB
 

-
 
-
 

NB
 

SB
 

-
 
-
 

-
 
-
 

NB
 

SB
 

-
 

NB
 
-
 

SB
 

A
ut

os
 

20
7 

54
8 

35
2 

96
7 

31
4 

62
6 

80
5 

47
5 

85
0 

45
7 

76
7 

53
5 

36
0 

26
9 

41
0 

31
8 

29
1 

24
9 

M
.T

rk
s.

 
6 

7 
16
 

15
 

10
 

5 
6 

8
 

7 
4 

5 
10
 

9 
11
 

11
 

15
 

9 
8
 

H. 
T

rk
s.

 
12
 

11
 

15
 

15
 

15
 

21
 

10
 

22
 

13
 

29
 

28
 

12
 

20
 

14
 

31
 

20
 

35
 

27
 

*"
B

ef
or

ee
 

m
ea

su
re

m
en

ts
 w

er
e 

m
ad

e 
a

t 
S

it
e

 8
; 

"A
ft

e
r"

 
an

d 
"F

in
a

l'
 m

ea
su

re
m

en
ts

 w
er

e 
m

ad
e 

a
t 

S
it

e
 7
. 



Finally, the frequency spectra data for  four of the study s i t es  were 

collected. These data are shown i n  tabular form i n  comparison with the two 

previous monitoring conditions (from histograms, Figures 1-7A) in Table 7. 

These values, too, are similar t o  those measured previously except that 

there continues t o  be reduction in the highest frequency ranges, most 

notably a t  the more remote s i t e s  near the residences, apparently due t o  a 

s t i l l  smoother roadway surface af ter  15 months of wear (Figure D ) .  

Final Roadway Surface Friction Testing 

Table 8 compare$ the frict ion data which was collected 12 months af ter  

surface modification with that obtained ear l i e r  (from Table 4).  The 

standard t i r e  shows minor changes i n  fr ict ion numbers b u t  continued 

increases i n  speed gradient. This indicates that  wet pavement fr ict ion 

continues t o  decrease with increasing speed as the modified surface gets 

smoother w i t h  wear. As would be expected this  trend i s  magnified, 

especially on the heavily traveled center and right lanes, when the t e s t  

was conducted with the smooth tread t i r e .  The speed gradient for the 

smooth t i r e  increased markedly i n  a l l  three lanes i n  th is  final tes t .  

These data indicate that  the reduction in pavement texture results i n  less 

wet weather fr ict ion available t o  the motorist a t  both  speeds tested. 
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FIGURE D 
sljl!rAr.C TEXTURE WEAR 
AITEI! 15 MONTHS .- 

1. Test sec t i on  and 
unmodif ied ramp 
go r e  

2. Test sec t ion  showing 
lane wear 

Terminus o f  t e s t  
sect ion/resumption 
o f  t ransverse groob 
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Summary and Conclusion 

M o d i f i c a t i o n  o f  t ransverse groov ing by su r face  g r i n d i n g  on a 1,700- 

f o o t  t e s t  s e c t i o n  o f  1-380 has a l t e r e d  the  q u a l i t y  of t r a f f i c  no ise moni- 

to red  d i r e c t l y  ad jacent  t o  t h e  highway. Reductions i n  Leq i n  t h e  h ighes t  

frequency bands o f  t h e  t r a f f i c  no ise  spectrum were s i g n i f i c a n t  immediately 

f o l l o w i n g  su r face  m o d i f i c a t i o n  and these no ise  l e v e l s  cont inue t o  show 

f u r t h e r  s l i g h t  decreases 15 months l a t e r .  Al though o v e r a l l  no ise l e v e l s  

adjacent t o  the  t e s t  s e c t i o n  remain high, t h e  data  i n d i c a t e  t h a t  a smoother 

(non-5/8-inch-spaced t ransverse grooved) surface t e x t u r e  i s  o f  b e n e f i t  i n  

terms o f  both  t h e  q u a l i t y  and q u a n t i t y  of r e s u l t a n t  changes i n  t r a f f i c  

noise. Based on t h i s  s tudy a l t e r n a t e  sur face t reatments i n  no ise s e n s i t i v e  

sec t ions  o f  h i g h  volume highways appear t o  be worthy o f  cons idera t ion.  

A lso from t h i s  s tudy t h e  s a f e t y  i m p l i c a t i o n s  o f  a smoother, lower f r i c t i o n  

su r face  would p l a y  a major  r o l e  i n  assessing t h e  n e t  p u b l i c  b e n e f i t  o f  such 

a l t e r n a t e  su r face  treatments. 




