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I 
A measurement device known as the Yays Ride Yeter i s  extensively used t o  quickly1 

1 

16 Abr - ,oc t  

I and jnexpensively determine relat ive pavement rouqhness. !lays results are most 
commonly used in various rating systems for  establishing pavement rehabilitation 
pr ior i ' t ies .  
the o u t p u t  of the rlew Jersey Mays device so a s  to  determine i f  the eauipment i s  
functioning properly and Droviding reliable measurements. 

The described procedures for detecting and actina orl Pllays o u t p u t  problems are 
based on the use of  two types o f  control charts: mean charts f o r  discovering sh i f t s  
i n  average roughness between t e s t  dates and range charts for determininq increased 
varianil i  t y  of the testirlg process. 
i s  gauaed bv means o f  pov-er curves. 

a t  t ? e  time of t e s t .  
oer 13°F di f fe ren t ia l )  must be apnlied t o  New Jersey Mays d a t a  t o  ensure 
comarabi 1 i t y  o f  measurements made on different occasions. 

Annendix A describes i n  detail  the nature and relative maonitude of the 
various individual components o f  Flays measurement v a r i a b i l i t y .  The results of 
th i s  analysis of variance are apDlied by example t o  routine Vatis decision-makinq 
s i t i l a t ions  face4 by operations personnel. 

This report presents a set  o f  orocedures for  systematically moni t n r inq  

The exnected effectiveness o f  the procedures 

''ays o u t p u t  i s  shown t o  be sionificantly influenced by the ambient temperature 
As a consequence, a temnerature correcticn ( 3  incheshi le  
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PREFACE 

The treatment of  the subject matter o f  th i s  report i s  oriented 
toward the needs of the operations (Maintenance) personnel who w i l l  
i n  f ac t  be required to  apply the measurement control procedures 
described herein. 
wri t e r  : 

This ref lects  i n  the following assumptions by the 

.Flost readers have a working knowledge of routine Pays testing 
operations. 

-Some readers will not  be completely conversant w i t h  the 
fundamentals o f  s ta t i s t ica l  qua1 i t y  control. 

Accordingly, i n  developing instructions for measurement control, 
the writer has attempted to b r i n q  o u t  the underlying s ta t i s t ica l  
principles i n  very basic fashion. 



IMPLEMENTATION STATEMENT 

Adoption o f  the Mays measurement con t ro l  procedures described i n  

t h i s  r e p o r t  w i l l  provide f o r  more e f fec t i ve ,  informed judgments 

reqard ing the  r e l a t i v e  r i d i n g  q u a l i t i e s  of New Jersey pavements. 

Implementation should be q u i t e  s t ra iqh t fo rward  s ince Operations 

nersonnel have worked d i r e c t l y  w i t h  Research dur ing the study. 
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PART ONE: --- IflTRODUCTID~! 

1 . 1  Objective o f  the Work: 

I n  the summer of  1374, the fle\f ,lerse.v Peqartment of  Transnortation 

--- 

acquired a hiqh-sDeed roughness measurement dsvicc k r l o b m  as t ?e  

"Clays Ride ileter". 

%o a pavement r a t i n a  system for  orderinq maintenance rosurfaciq 

w i o r i t i e s ,  as well as t o  orovide a continuinn caoat . i l i t : i  f o r  q a u q i n q  

the r i d i n g  qua1 i t ?  of  newiv comoletcd construction. 

T h i s  equipment iias purchased to Trnvide an  i n o u t  

The objective o f  th i s  report i s  t o  Yrovidc! a sot  n r o c c l d u r P 5  

f o r  systematically monitorinq t!ie o u t F u t  of  the ''avs devico 50 as t o  

determine i f  a s table ,  accurate level o f  readinqs i q  Seinv ohtained. 

1 . 2  Nature o f  the 'lays Equiwient: -- 

The 'jays Ride Meter -- rnodcls o f  whic'; arc rcwrtedly i n  use 

a t  least  30 aaencies - -  1)asicallv consists o f  a n  instrurientation 

9ackar;e mounted i n  a standard qassenaer car lihich rnPJsiires m a d  

smoothness i n  terms o f  the relative mvement tctceen the car bod*/ 

and different ia l .  The Neu Jerse'r 'iays vehicle, a 137? Ford 

Custori 50n sedan, i s  operated a t  a standard speed of 3 Q  fvPtJ d u r i n a  

tes t inq.  

The heart o f  the flays measurement system i s  a small s t r i p  

chart recorder. T;F paper chart output. of  this  instrument records 

the distancc travelled i n  a t e s t ,  t l i e  :umulativc arqount of  bod;r 

iqoveiient o r  roughness, and  a r o w i f w s 5  t rJcl)  r*  r * r r ) f j l n .  

total  inches o f  vertical rnovmwt and t'1-t lrnct 'i  t r a v e l l 4 ,  'lays 

Civcn tllc 



roughness results can be exnressed in units s i n i l a r  t o  rouqhness 

index. T!iat i s ,  as the :lays roup-i?ss i n  inc.?er w r  aiile. ( I n  

this  s ta te ,  a l l  ’lays resul ts  are rcunded t o  tile nearest intcrler.) 

1 . 3  nvprviw of the P r o h l e n  a n d  C?lution: __- _-- I- .- ---- - -.- 

A s  i s  the case v i t h  t e s t  d a t a  ir! reneral, reneat ‘lays rouqhncss 

measurements made on a qivefi rlavenwt v;i11 disqlay variations t-ct’l 

!;ithin and between qrouns of  t s t s .  T h e  actual maclnitude o f  

v a r i a t i o n  observed witbin i! qroun c f  slrnrt-tern ’lays d a t a  hasical l v  

depends unon the inherent caDabil f t i e s  (nreci sion) o f  the equipment, 

i t s  condition a t  the time of  t e s t ,  and  onerator tcchnique. 

tr?n variations i n  I”aj5 results are a function o f  additional 

Lon!- 

variations b o t h  i n  tsmqerature a n d  i n  navement c5aracteri s t i c s  

(i . e . ,  actual rouglinclss chanaes) tetiieen t e s t  nrouns. 

This reDort nrasents a s e t  of v o c 4 u r e s  f o r  snsurinrr t h a t  

t!:c ’‘a:.s dev5ce i s  ::unctionin? rlrp:?r?v and o r o v i d i m  rcl’a5le 

measurements. 

very s i v l y , ,  t!ieie procedures involve comnarinq currpnt Yavs 

results for f i v e ,  one-mile n8verne9: tes t  s x t i o n s  of  knoi*n rouqhncss 

t o  n a s t  d a t a  f o r  these same s i t e s .  

cal  ibration a n d  oneratinq Vrocedur?, the current measurements r / i  11 

reproduce th? oast d a t a  w i t h i n  certain measurement tolerances a n d  

the ;‘ays tosting nrwxss Mil 1 be considered “ i n  control“. 

when current measurenents are no t  c,3nsistent \:i t h  t’ie estal.1 ished 

standards f a r  the  t e s t  s i t e s .  i t  Fc l l :o !~ !s  t h a t  e i ther  ( a )  t h e  :lays 

calibration o r  tes t in? nrocndure is imnrnner - -  !’ o :it - o f  - cc) n t r o  1 ‘I - - 

o r ,  less cornonlv, (h )  the rourrhnrlss Ttandards  r e q u i r e  revision 

Given the iironcr equipment 

Converselv, 
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(i . c . ,  there  has been a rea l  c!ianrlc ' n  t e s t  s i t ?  rouq!mcss). 

T!ic s t a t i s t i c a l  dcvic? used t o  d ~ i o n s t r a t e  vh?ther o r  not t : Ip 

% v s  t e s t i n q  process i s  f n  control i s  !:norm as a "control cf iar t" .  

A !lays control  c h a r t  i s  simoly a t im  nlot  o f  t e s t  s i t e  roughness 

data or1 which a r e  sunerimoosed 1 incs ! "control l i m i t s : ' )  t h a t  depic t  

t!ic h i s t o r i c a l  measurement tolerancp c?nwted f o r  tiiat s i t c .  I f  

t h e  plo t ted  points  f o r  successive t e s t  s a w l p s  f a l i  w i t h i n  these 

control l i m i t s >  a decision i s  made t:-;it t h r !  ':a;.ts testin:! nroccss i s  

ir: contr21. I f  the  m i n t s  f a l l  cuts;?,? t':e control l 'mi t s ,  the 

v x e s s  i s  .judaed t o  k,e oclt o f  c m t r n i  and act ion F: andsrtaken t o  

w c a l  i h r s t e  t!ie device o r  improvp t e s r i n a  t o c h i n u p .  

Detection of t h e  two basic  tvnes 2 f  :'avs outnut Frnblems re -  

q u i r e  construct ion of separa te  control c h a r t s :  

discovering s h i f t s  ( +  o r  - )  i n  averac? rouahness t-et\iPw t e s t  dates  

a n t i  a ranae (I?) c h a r t  for deternininc increased variat . i l i t - !  o f  tiTc 

t e s t i n q  oroccss.  l4ii le a l l  f i v e  s i t e s  need not he  t es tcd  or7 ever" 

occasion,  t h i s  method of control  1 in! "ays rouaitness o u t n u t  ria:{ 

occas iona l ly  requi r?  the ana ;ys i s  of 35 pan:! as  1" control c h a r t s .  

a mean (7) char t  f e r  



FIGURE I :  TYPICAL DISTRIBUTION OF MAYS 
ROUGHNESS RESULTS FOR A CONTROL 
SITE 



",ivpn tvo n r o n w t i e s  o f  a p a r t i c u l a r  nornal curvp - -  t b  

(Y-) a n d  standard d w i a t i o n  (0) - -  i t  i s  v s s i ! , l p  t n  f o r m l a t e  

c q a r a c t e r i s t i c  neasurmcnt  toleranccs.  For e x a ~ m l e ,  as ~ % Y T  

Fiqure 1 ,  about 2/3 o f  a l l  normallv d i s t r j h u t 4  t ? s t  observat 

w a n ,  

SOf lC  

i n  

ons 
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the measurement tolerance t o  be r2flectcd i n  the co~ltrol l i m i t s . *  

For example, as shown i n  Figure 2 ,  essentially a l l  daily averages 

o f  five readings should be w i t h i n  about 8 inches/mi;e (3B) of the 

true s i t e  wan  when the process is i n  control. 

a l l  sfiouid be within about 6 inches/mile o f  tne true s i t e  mean 

F ~ r t ~ g r ,  near'jr 

i ~ . ~ . ,  I '  w i t h i n  the 3F;Z confidence l imits) .  

FIGURE 2: TYPICAL DISTREBUTEON OF DAY -TO-DAY 

TEST S I T E  RQIBGHNESS AVERAGES 
(SAMPLE N = 5 )  

-9 i n h i  -6 -3  &A + 3  t9 m / m i  

A 2 5.6 ( S a y  6 )  in/mi = 94Ok 

A f 8.4 (soy 8 1 in/mi = 99.7 */. 
I-= 

"The stamard devi3:i 3% representing tatill d ~ y - t c - ~ ? ~  ieaswement 
;.ariation on particular roughness control s i t e s  range f rom 2.2 t o  
3.2 inches/mile. 
control charts for averages on s p e c i f i c  s i tes .  

These values are actually used i n  constructing 
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2.2 General Features o f  Control Charts: 

Once the frequency d i s t r i b u t i o n  of t e s t  r e s u l t s  from a c o n t r o l l e d  

process i s  known, as from the preceding sect ion,  the basic cons t ruc t i on  

o f  c o n t r o l  char ts  can be e a s i l y  understood. 

I n  essence, a c o n t r o l  c h a r t  i s  simply a normal frequency d i s t r i -  

b u t i o n  t o  which has been added a t ime scale. The di f ference between 

the " b e l l "  curve and a con t ro l  cha r t  then i s  t h a t  the order o r  sequence 

o f  readings i s  shown i n  the l a t t e r .  As w i l l  be described l a t e r  (and, 

indeed, as might be guessed), r e t a i n i n g  the  t ime sequence o f  readings 

i s  impor tant  i n  t h a t  r e l a t i v e l y  sub t le  pat terns o r  trends i n  data ou t -  

p u t  can be equa l l y  as good an i n d i c a t o r  o f  an out -of -contro l  process 

as dramatic s h i f t s  i n  readings. 

Figure 3 i l l u s t r a t e s  the general features o f  a con t ro l  char t ;  

s p e c i f i c a l l y ,  a c h a r t  f o r  c o n t r o l l i n g  averages. 

the t y p i c a l  d i s t r i b u t i o n  of day-to-day roughness averages p rev ious l y  

The cha r t  i s  based on 

shown i n  Figure 2. 

Three l i n e s  on the cha r t  are o f  i n t e r e s t :  the cen t ra l  l i n e  and the  

two c o n t r o l  l i m i t s .  The c e n t r a l  l i n e  i s  the o v e r a l l  o r  "grand average" 

( X )  o f  a l l  h i s t o r i c a l  readings obtained on a s i t e  and represents the  
- - 

bes t  est imate o f  the " t rue "  s i t e  mean (&). 

the upper c o n t r o l  l i m i t  (UCL) and lower con t ro l  l i m i t  (LCL) are 

Expressed i n  general terms, 

l oca ted  equ id i s tan t  some number o f  Clays u n i t s  ('ID") above and below 

the s i t e  mean ( X )  

m u l t i p l e  ( "d")  o f  t h e  standard dev iat ion,  i t  should be apparent from 

- - 
Since the number "D" can be expressed as some 

the d iscuss ion presented e a r l i e r  i n  t h i s  r e p o r t  t h a t  c o n t r o l  c h a r t  l i m i t s  

are i n  f a c t  confidence l i m i t s .  That i s ,  the con t ro l  l i m i t s  are the  end 



s 

r!urnt)ers o f  the Interval  x - + do w y l i c h  includes 53m qiven ~ercen:taae 

o f  al l  expected readings, the specific Percentage depending on tne 

3 4  
LIMITS 

magnitude o f  the multiplier "d".  

+4 

+2 

FIGURE 3 
GENERAL FEATURES OF A CONTROL CFART 

2 4  
LIMITS - 2  

I - 4  
L - 6  - -0 

DISTRIBUTION OF 
PROCESS RESULTS 

(CAI L Y  AVERAGES) 

UPPER CONTQOL L l l d l T = ~ * D  

+6 $ - f U c L  

I 

+ D = d O  
t4 

t2 I I 

- 2  

- 6  i 
4 LC L 

LOWER CONTROL LIMIT = t - D  4 

I 9 I7 25 33 41 

CHART FOR CONTROLLING PROCESS 
(CHART FOR AVERAGES) 

DAYS IN TEST 
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T:le s e l e c t i o n  of  ' a "  - -  i n  P'ffPct.  t!i? s'zir;c; o f  t ' i c  cnritrol 

to le rances  - -  i s  Lased on a number o f  f a c t o r s .  qnr  o f  t'ic 4cv f a c t o r s  

i s  tlic frcquencst :.iitti \~ ' i i c ' i  one i s  t : i l i f n o  t n  :;avc t n e  control l i m i t s  

exceeded IIV nere  c k i c c ? .  I n  o t b r  !!nrds, h ~ i  o i t e i  are  t'r \ l i l l i n q  

t o  respond t o  ' f 3 1 w  alarms",  rquirinrl  r @ c a l i b r a t i m  \ , ~ C P  i n  f a c t  

no output  ?roblt.m 2 x i s t s .  For cxarnrllc, sunmsc t h a t  the  q5  *wrct?nt 

confidence l i r i i t s  arc- chosen as tile control c';~rt l i - i t s  (i.?, d = 2 ) .  

5 nercent of t h r !  exnected read ings ,  i F  3 decisiqr,  tc? rPca l i ! - ra tc  i s  

made based on tile occurrence of a value i n  rlxcess nf t h e w  l i n i t s ,  

tiic maxirium chance t ' s t  the  level of r m d i n n s  +as _- not c'ianqed and 

t h a t  the searc'i i s  i n  f a c t  f o r  nonexistent t rouble  i s  5 nr?rcrnt. 

Stated another wa:', r e c a l i b r a t i n q  a t  t ' ) i s  level  invclvps a r i s k  nf 

tieinq w o n q  i r  5 o u t  qf  lr)? c a s r s .  Civ; lar l . r ,  \ i s?  o f  tiic t!iree 

siqma (93.7 qercent )  contr9l l i m i t s  as a n  ind ic3 tor  of t rnu! ie  can 

involve a r c c a l i b r a t i n n  " f o o l ' s  errand i n  at, most 2 o u t  o f  1 ,;11" 

case5.  

I n  actual Dract icc ,  the  choicp nc s v c i c i c  control char t  l i n i t s  

involver, stri!:inq a !lalance bct\ertt! exceqsive lpnicncv and over- 

r s s t r i c t i v e n c s s .  That i s ,  i f  t 4 o  coc t ro l  l i n i t s  a r e  +dclv scoaratnd 

so  a; t o  w w e n t  -- anv unnecessarv r w a l i k a t i q n s  ( i . e . ,  i f  t k  

n u l t i p l i c r  d i s  r p l a t i v p l v  l a r v ) ,  t+  l c v ~ l  of  crlntrol rxcrciscd 
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flature of Cata  

1 .  E a t a  de f in i t e ly  , 

2 .  Data de f in i t e ly  

3 .  Pata 'tsuspicioust '  

vi t h i  n tolerance 

out of tolerance 

! ? x i s  i o n  /rction 

Ac c er, t t be p r o  ce s s Cmti  nuc routine 
!'a:ls tpst ing 

Pecal i h r a  t e  ; 
irnnrove technirlutl 

re jec t  t:;c nroccss 

l.!ithhold judainent Pcrcnrrn addi tinnal 
control t e s t s  
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these confiaence limdts are applied diffcrr be~wecy the tw ";VFS c= 

charts, however, in t h a t  while charts for averages passess upper a m  

lower boundaries, a range chart has only an u ~ 5 e r  boundary. 

i s ,  a sh i f t  in range requires action only i f  i t  represents a decrease 

in repeatabi 1 i t y  (increase in range). 

-. 
in3: 

The specific "action" control limits for the five Neh Jersey 

control s i tes  are shown in table 1 A .  As an illEstraticn of 

application o f  these limits, a recalibration rou;d deficitely be 

undertaken i f  on a given day the average o f  f i v e  sriccesstve vaQ;qa.s 

on the Route 29 tes t  s i t e  was 108 inchesjmile (or  mare) or 514 i v c 5 e s i  

mile (or  less) .  

2.3.2 "Warning" control limits fo r  a single day's testing: 

New Jersey Mays control s i t e  readings are t o  be considered "highly 

suspect" i f  they equal or exceed the 95 percent ( two sigma) limits 

shown i n  Table 1 A .  

i s ' to  be obtained from the s i t e ( s )  in question. If the s t a t i s t i c  

in d o u b t  ( i  .e. ,  range or mean) again fa l l s  outside the 95 percent 

"warning" l i m i t ,  the suspicion t n a t  the process i s  6L;t of control 

i s  considered confirmed and remedial action i s  t o  Se undertaken. 

If the results of the second sample fal l  within the ''warning'' 

limits, the ini t ia l  suspicion i s  considered refuted. 

In  that event, a second sample of five readings 

.. 

I t  i s  important t o  note t h a t  i f  a second control tes t  samDle 

i s  required, the results of the retest are t o  be computed and 

judged independently. 

o r  n o t  i s  based on the procedure described above arid ~ 10; nls x m o  

consideration of the "werafl  rarlge" OF *.griy.: c-pzrag? 

combined samples . 

That i s ,  the decision whether t o  recalibrate 

:p ;r;p 
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TABLE I :  NEW JERSEY MAYS CONTROL CHART L IMITS 

1 I 1 T A K E  ACTION IF 
1 x? U C L  OR 5 L C L  

I 3 SUCCESSIVE TESTS 13 SUCCESSIVE TESTS 1 
1 T A K E  ACTION I F  
' R 2 R i t 2  FOR EACH OF T E S T  S I T E  1 FOR EACH OF 

I A :  L I M I T I N G  OR C R I T I C A L  V A L U E S  FOR A S i N G i E  DAY'S T E S T I N G  

~ T E S T  

I t-- 
I 

i N J  29 
i 

j 1-95 1 ( S O U T H )  

/La kehu rs  t 
1 (WEST! 

iLokehurst I ( E A S T )  r- I - 2 9 5  - 

I--- 

1 

I / /  
83 1 8 8  7 6  1 91 7 2  / j  5 

I I 1; 

8 10 
I 

8 I0  

1 

I 0  I 2  
i 

3 2  39 j 2 5  1 4 2  1 2 2  j, 6 

1 - 9 5  1 ( S O U T H )  
86 1 6 0  7 

8 

7 

I 
I 1-' I t ---- 

i 2 9  I 0 3 5 
! 

I I.-295 , 



*"SuccEssivp" does not necessari 1 v iwl y c0n:ecutive ca 

;.?>^I . -  . 

endar days. 
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F I G U R E  4 :  E X P E C T E D  D I S T R I B U T I O N  OF COF1’1 R O L  
S I T E  R O U G H N E S S  R E S U L T S  FOR 
V A R I O U S  S H I F T S  I N  T R U E  M E A N  

( B u s i s ’  Sa:nples  O f  5 On T h e  1-95 S i t e  ; 0 = 2 5 “’/mi ) 

. ”. 

Averages When Mays / 
Output I s  Completely 
In Control 

/ 
I 

I 

/ -- -\ 

Averages When Mays 
Output Has Actually 
Increased By 3 in/mi 

A v  e r ayes W ti en M a y 7 

Out put  H a s  A c l u o l i y  
Increased B y  17 in/rni 

75 7 8  83 86 91 92 94 I013 

f 4  
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FEGURE 5: POWER CURVE INDICATING THE 
PROBABILITY OF DETECTING 
VARIOUS S H I F T S  IN M A Y S  
OUTPUT U S I N G  N.J.  CONTROL 
PROCE DU R E S 

I00 

80 

60 

40 

20 

I j I 
- '  , _ _  I - K E Y  I 

- = 5 Sites Tested 
-- = 3 Sites  Tested 

1 I I 
I 

G 2 4 6 8 10 

TRUE SHIFT (t or - )  IN  MEAN ROUGHNESS ( i n / m i )  
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.... 
The es t ima te  o f  t k e  cvevcli vsr-izwe P?:n (B;' 1 necesszrv tc; solye 

Equatiop 2 was derived thru a w ! i c z t i o c  e f  an i t e ra t ive  process whit? 

used actual Mays resul ts ,  b u t  which simulated the collection o f  those 

resul ts  i n  a different manner. Specifically, fo r  each of the f i v e  t e s t  

s i t e s ,  this i terat ive process consisted o f  randomly sclectina a s ing le  

*lays vaiue ( i . e . ,  the result  of one t e s t  r u n ;  from each o f  the 7i; t o  

i 5  days r - e s ~ l t s  avaiiacle per s i t e .  T h i s  samnle was treated s s  2 

A . 3  Results of  Analysis o f  Variance: 

The re! . l t i ve  macqitude cf tCIp v a r i c w  sorr;ponents of  Nevi 2ersey 

I t  is worth not ing  t ha t  t k e  i x ! i e a t e d  masures o f  variabil i ty are 
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8.4 Example AGDlicat<ons o f  t h e  Results: 

Example " A "  

-- Given: Maintenance forces typically judge navereqt riding quality 

based on the average e f  a sariole c f  3 within-hour fJays 

repeat measurements. 

--- F i  qd : ldhat a r e  the 95 percent confidwce l i n i t s  %I" 

3;an? 

sampling 

U, = overall variance associated w i % h  the average of  a s i n g l e  
sampl E of 3 rrithin-hour measurements 
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- _  
t h r e e  successSve measursrents t 2  be w i t h i n  - - 
t r u e  mean roughness of t h e  tes ted  rosld s e c 5 i ~ .  

i r c h e s i n i ‘ e  cc the 

Exancl e “8” 

u n c e r t a i n t y  : 

Case ( a )  A l l  6 are  taken successive1 y i n  a qcvcn hour 

Case (b) 

Case ( c )  

Two grouts  of 3 a re  taken on d i f F e r e n t  hours W i t h i n  
one day 

Two qrouns o f  3 a r e  taken  on d i f f e r e n t  ? a % / s  

So lu t i on :  For  C X P  ( a t  

2 
Do = overall var’ance associated w i t ?  tns 3 r ’ ~ r z q e  o f  a j j q c ? p  ;aqplc  

o f  6 w i th in -hour  measurements 

N w h  = number o f  wi th in -hour  repeats = 6 

c: = 4.62 + 3.84 + 2 .74  
6 

2 
cTa = 7.35 
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where 

,- 3- = 4.52 +- 2.74 3.84 
-7 'J a L 

J 

2 Go = 6.2 

sufficient improvement i n  measurement reliafj i l i  t y  t o  warrant a doubling 

o f  t h e  normal tes t ing  rate. 
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Given : 

Flnd: - 

Sol u t i c n  : 

I n  the  present case, we can be 95% sure t h a t  an i nd i ca ted  d i f ference 

in Mays readings i s  a real d i f f e r e n c e  !f 

2 2 DA = Daf + a,, 
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* 
D', = Oa2 = Oa 

as calculated i n  Example " A "  2 2  
where 

so u**= 8.12 + 3.12 

\116.24 = 4.03 in / rn i  a, = 

Thus, 

d i f f e r  by 3 

f two Mays averages obtained by the normal sarnnl n9 plan 

inches/mile or more, we can be "highly confident  t h a t  

there i s  a real difference between the t w o .  

whether th i s  real difference i s  -- imoortant will  require aonlication of 

engineering judgment .  

Again, a determination of 
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