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A PROCEDURE FOR ANALYSING DOUBLE-LANE 
VERSUS SINGLE LANE ROADS 

A Report by Randall K. Nielsen, Transportation Engineer, Wallowa Whitman 
National Forest, USDA Forest Service, U.S.A. 
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T h e r e  a r e  a number  of a g e n c i e s  throughout  
t h e  world which use  single-lane r o a d s  where  
t r a f f i c  volumes  a r e  low. The  decision of  
whether  t o  h a v e  a single-lane o r  a 
double-lane road  i s  some t imes  based on  
gene ra l  guidelines. The  USDA Fores t  Serv ice  
considers  single-lane roads  t o  b e  b e s t  f o r  l e s s  
t h a n  100 vehicles  per  day  (VPD) and  
double-lane r o a d s  b e s t  f o r  m o r e  than  250 
VPD. When en te r ing  a new a r e a ,  o r  
considering upgrading a n  exist ing single-lane 
road  t o  a double-lane s t anda rd ,  s o m e  analysis  
should b e  done. 

This Technica l  R e l e a s e  discusses t h e  var ious  
f a c t o r s  t o  cons ider  in t h i s  t y p e  of analysis.  
Methods a r e  addressed  f o r  obta in ing  va lues  
f o r  t h e  economic  fac tors .  An e x a m p l e  
p ro j ec t  i s  worked th rough  t o  show how t h e  
procedure  c a n  b e  used. 

DECISION CRITERIA 

There  a r e  t h r e e  t y p e s  of c r i t e r i a  which 
should b e  considered when  doing a road  
s t anda rd  analysis;  envi ronmenta l ,  pol i t ical /  
managerial ,  a n d  economic.  An envi ronmenta l  
considerat ion might  b e  t h e  addi t ional  
sedimenta t ion  in s t r e a m s  by building a 
double-lane road  ins tead  of a single-lane 
road. Poli t ical /managerial  cons idera t ions  
migh t  include t h e  l eve l  of  c o m f o r t  t h a t  users  
of t h e  road  h a v e  when using a g iven  road  o r  
t h e  des i red  use  which  m a n a g e m e n t  has  in 
mind f o r  t h e  a r e a  se rved  by  t h e  road.  

This Technical  Release  focusses  on  t h e  
economic  f a c t o r s  including: cons t ruc t ion ,  
main tenance ,  vehic le  opera t ing ,  a n d  a c c i d e n t  
costs .  

Cons t ruc t ion  and ma in tenance  c o s t s  a r e  
likely t o  b e  readily avai lable.  Vehicle 

opera t ing  c o s t s  should b e  found f o r  e a c h  
vehic le  t y p e  using t h e  road. F o r  e a c h  
veh ic l e  t y p e ,  t h e  t r a v e l  t i m e  and hourly 
ope ra t ing  r a t e  need  t o  b e  de termined.  

Accident  c o s t s  f o r  single-lane roads  a r e  m o r e  
d i f f icu l t  t o  ob ta in  than o t h e r  costs .  No 
s tud ie s  h a v e  b e e n  c a r r i e d  o u t  which look a t  
acc iden t  r a t e s  o n  single-lane roads. A 
number  of s tud ie s  h a v e  b e e n  c a r r i e d  o u t  on  
double-lane r o a d s  w i t h  wid ths  as nar row a s  
4.8 m. Many roads  which a r e  classif ied as 
single-lane roads  a r e  ac tua l ly  4.8 t o  5.4 m 
wide,  w i t h  addi t ional  width  in t h e  turnouts .  
A p rocedure  h a s  been  developed t o  obta in  
t h e  e s t i m a t e d  a c c i d e n t  c o s t s  f o r  a road  if i t s  
geomet ry  i s  known (Layton,  1981). The  
ques t ion  b e c o m e s  whe the r  o r  n o t  a wide 
single-lane road  funct ions  l ike a na r row 
single-lane road. F u r t h e r  r e sea rch  i s  needed 
in th i s  a r e a ,  b u t  fo r  t h i s  example ,  t h e  
assumption w a s  m a d e  t h a t  t h e  d a t a  fo r  
double-lane roads  w a s  appl icable  t o  wide  
single-lane roads. 

EXAMPLE PROJECT 

An analys is  w a s  c a r r i e d  o u t  on  a po ten t i a l  
p ro j ec t  as a n  example .  T h e  r o a d  considered 
(65  Road) i s  l oca t ed  on  t h e  Gif ford  Pinchot  
National  F o r e s t  in t h e  S t a t e  o f  Washington. 
The  port ion considered is 1 6  km of 
single-lane paved road.  T ra f f i c  volume 
a v e r a g e s  a b o u t  150  vehic les  p e r  d a y  during 
t h e  s u m m e r  months ,  b u t  t h i s  builds t o  a 
max imum dur ing  t h e  a u t u m n  hunting season. 

T rave l  t i m e s  w e r e  measu red  f o r  f o u r  days. 
Predic t ions  of t r a v e l  t i m e  w e r e  a l so  m a d e  
using t h e  Logging Road Handbook (BNG) 
me thod  (Byrne, et a l ,  1960) a n d  t h e  Vehicle 
Opera t ing  C o s t  Model (VOCM) (Sullivan, 
1977). The  resul t s  of t h e  t r a v e l  t i m e  
analys is  a r e  shown o n  F igu re  1, w i t h  values 
shown as a p e r c e n t a g e  of t h e  observed  t imes.  
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F i g u r e  1 - P r e d i c t e d  versus O b s e r v e d  T r a v e l  T i m e s  

The BNG single-lane model consistently 
predicted t rave l  t i m e s  much longer than 
those  actually observed ( 1  59% f o r  unladen 
t rucks  and  1 3 1 %  fo r  laden ones). The BNG 
double-lane model was  much closer ( 1  10% f o r  
unladen t rucks  and  100% f o r  laden ones). 

Because VOCM does  n o t  t a k e  in to  account  
e i the r  t h e  width of t h e  roadway o r  t h e  
amount of t r a f f i c  on t h e  road, i t  w a s  used 
for  predicting double-lane t rave l  t imes.  
VOCM predicts t r ave l  t i m e s  for  vehicles 
o ther  than  log trucks,  and  was used t o  
predict  pickup t rave l  t i m e s  fo r  t h i s  study. 
VOCM consistently predicted t rave l  t imes  
shor ter  t h a n  t h e  t i m e s  observed in t h e  field. 
This i s  consistent  with t h e  assumption t h a t  i t  
predicts double-lane t ravel  times. These 
resul ts  a r e  similiar t o  t h e  findings of Jackson 
(1987). He also found t h a t  t h e  single-lane 
BNG model was  very conservative. 
The t rave l  t i m e  on  a single-lane road var ies  
with t h e  t r a f f i c  volume. Figure 2 shows t h e  

relationship between t h e  number of vehicle 
meetings and t h e  t r ave l  t i m e  fo r  both 
single-lane and double-lane roads. The 
difference in t ravel  t i m e  between a 
single-lane and  double-lane road is d u e  t o  t h e  
Sight Distance and  Meeting Delays. The 
Sight Distance Delay is t h e  portion shown a s  
dis tance A and  is  d u e  t o  reduced speeds 
around blind corners  on  single-lane roads. 
This delay does  n o t  occur  on double-lane 
roads  where  opposing t r a f f i c  t r ave l s  in i t s  
own lane. The  meet ing delay is t h e  t i m e  
which is los t  e a c h  t i m e  a vehicle i s  m e t  on a 
single-lane road. 

A double-lane t rave l  t i m e  c a n  b e  es t imated 
if t h e r e  is a n  exist ing single-lane road on t h e  
s a m e  location with t h e  s a m e  surface  t y p e  by 
making t h e  road in to  a one-way road. This 
c a n  b e  done by requiring t h e  use of a n  
a l ternat ive  r o u t e  f o r  t r a f f i c  flowing in one  
of t h e  directions and was done in th is  
project. A t w o  mile  segment  of road was 
made  in to  a one-way road f o r  one  day. 
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F i g u r e  2 - T r a v e l  T i m e  v e r s u s  V e h i c l e  M e e t i n g s  

Prediction of t h e  single-lane t rave l  t i m e s  
requires t h a t  t h e  slope and in tercept  of t h e  
t r ave l  t i m e  versus vehicle meetings l ine  b e  
known. These were  determined for  th is  
project  by doing regression analyses f o r  t h e  
d a t a  obtained in t h e  field. Traff ic  count 
d a t a  was  available f o r  e a c h  hour during t h e  
year ,  and  t h e  theoret ica l  number of meetings 
could b e  calcula ted fo r  e a c h  vehicle per  hour 
(VPH) category.  These allowed calculation of 
t h e  t o t a l  number of vehicle meetings f o r  a 
year. Multiplying th i s  by t h e  delay per 
vehicle meeting gives t h e  t o t a l  Meeting 
Delay. The Sight Distance Delay is  found by 
subtracting t h e  one-way t rave l  t i m e  f r o m  t h e  
undelayed single-lane t rave l  t i m e  ( the  
in tercept  f rom t h e  regression analysis). This 
i s  called t h e  Field Method of obtaining 
single-lane and  double-lane t rave l  t imes.  It 
was  used fo r  t h e  analysis. 

When determining t h e  hourly vehicle 
operating costs, i t  i s  important  t h a t  those 
cos t s  which a r e  dis tance dependent r a t h e r  
t h a n  t i m e  dependent b e  excluded s ince  t h e  
distance t ravel led is  likely t o  b e  t h e  s a m e  
fo r  e i the r  road. Tyre cos t s  w e r e  n o t  included 
in t h e  example analysis. Also, i t  is 
important  t o  de te rmine  how many people a r e  

in e a c h  non-recreational vehicle s o  t h a t  the i r  
wages c a n  b e  accounted for. For  recreational 
vehicles, t h e  c o s t  of t h e  recreationist 's  t i m e  
is assumed t o  b e  zero. This i s  because pa r t  
of t h e  recreational experience i s  driving on 
fo res t  roads (Layton, 1987). 

Accident c o s t s  w e r e  a l so  calculated using 
Layton's method. Road construction and 
maintenance c o s t s  were  calculated using 
local  c o s t  guides and  a recent ly  completed 
evalzation with t h e  reconstruction 
calculations. 

SUMMARY OF PROJECT 

Figure 3 compares  t h e  c o s t s  of a single-lane 
road with those  f o r  a double-lane road on a 
cos t  per vehicle basis. The benefits  of 
building t h e  double-lane road a r e  a reduction 
in t h e  vehicle operating c o s t  by $0.30 and 
t h e  accident  c o s t  by $0.07, i.e. $0.37/vehicle. 
The reconstruction c o s t  i s  $0.79 and t h e  road 
maintenance c o s t  increases $0.38 
($1.17/vehicle). The double-lane road is 
therefore  more  expensive than t h e  
single-lane road by $0.80/vehicle. I ts  
benefit lcost  r a t io  i s  0.3. The user cos t s  for 
vehicle operation and accidents  will, 
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analysis  a n d  p re sen ted  t o  t h e  decision maker.  
In t h e  case of t h i s  pro jec t ,  i t  i s  n o t  unlikely 
t h a t  non-economic f a c t o r s  would b e  
considered signif icant .  If t h e  c o s t s  w e r e  
c loser ,  however ,  t h e y  could  a f f e c t  t h e  cho ice  
be tween  single o r  double-lane roads. 

LIRA NOTE 

A National  Roads  Board R o a d  Resea rch  Unit  
Technical  Recommendat ion  (TR9) en t i t l ed  
"The Economic  Appraisal of Roading 
Improvement  Pro jec ts"  (I.H. Bone) i s  
recommended reading  fo r  New Zealand 
conditions. This  publicat ion i s  ava i lab le  f r o m  
t h e  National  Roads  Board,  P.O. Box 12-041, 
Wellington, o r  on  loan  f r o m  LIRA'S library. 
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because  m o r e  people  a r e  willing t o  pay t h i s  
price. T ra f f i c  would b e  a t t r a c t e d  f r o m  less  T h i s  T e c h n i c a l  R e l e a s e  i s  the w o r k  o f  the  
su i tab le  roads. a u t h o r  a n d  i s  no t  the r e s u l t  o f  L I R A  

T h e  acc iden t  c o s t  i s  a minor f a c t o r  
compared  t o  t h e  o t h e r  costs .  I t s  e s t ima t ion  
could  b e  in  e r r o r  by a l a r g e  p e r c e n t a g e  a n d  
s t i l l  n o t  s ignif icantly a f f e c t  t h e  t o t a l  cost .  
T h e  vehicle and  road  ma in tenance  and  
cons t ruc t ion  c o s t s  a r e  m o r e  signif icant .  The  
vehicle ope ra t ing  c o s t  i s  o v e r  60% of t h e  
t o t a l  cost .  This  i s  w h e r e  .the e f f o r t  should 
b e  placed,  t o  e n s u r e  a c c u r a t e  va lues  a r e  
obtained.  Road  ma in tenance  c o s t s  a r e  n e x t  in 
impor tance ,  fol lowed by recons t ruc t ion  costs .  

O n c e  t h e s e  economic  f a c t o r s  h a v e  been  
accoun ted  fo r ,  t h e  non-economic f a c t o r s  
need  t o  b e  combined wi th  t h e  economic  

p r o j e c t  w o r k .  L I R A  p u b l i s h e s  i t  i n  t h e  
in teres t  o f  w i d e r  d i s s e m i n a t i o n  o f  
k n o w l e d g e  i n  the  i n d u s t r y .  L I R A  t a k e s  no 
r e s p o n s i b i l i t y  f o r  t he  a c c u r a c y  o f  
f i g u r e s  n o r  d o e s  i t  n e c e s s a r i l y  s u p p o r t  
o r  d i s a g r e e  w i t h  the o p i n i o n s  a n d  
c o n c l u s i o n s  s h o w n .  
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