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Abstract—Highway transportation problems such as road 
damage, congestion, pollution and high transport cost can be 
solved by dividing the traffic load of the highway to river 
transport, considering that Indonesia has many wide and deep 
river network. To achieve efficient and safe river transport, it is 
necessary to study the traffic streams of the river which can ben 
used to analyse the fairway capacity, determine level of service 
and also transport safety. At the moment, the river  transport in 
Indonesia does not develop and even tended to decline, so the 
volume of vessels that sailed is slightly. River traffic stream 
analysis for the congested fairway is performed using a 
simulation model, where the interaction between successive 
vessels is to follow an adapted car following model, which has 
been adjusted to be used for river traffic. The adjustments were 
made to ensure the simulation model represent the reality. One of  
the adjustments in the following car model is the vessel speed will 
be affected by stream velocity along the riverway. In this paper 
the affect of river steam velocity is determined through empirical 
study. 
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I.  INTRODUCTION  
Highway transportation problems such as road damage, 

congestion, pollution and high transport cost can be solved by 
dividing the traffic load of the highway to river transport, 
considering that Indonesia has many wide and deep river 
networks [1]. Because the volume of vessels that sailed is 
slightly, the traffic analysis should be performed using a 
simulation model, so the analysis can be done for the amount 
of vessels traffic that reaching capacity. 

 This study is part of a larger study about Simulation 
Model of Riverway Capacity in Indonesia  where the vessels 
movement and interaction in the system are set by using car 
following model where one of the main variables is the vessel 
speed. In contrast to the speed vehicles on the highway that 
are affected by vertical alignment, a vessel sailing speed on 
fairway is influenced by the stream velocity along the 
riverway. Manuver of sailing vessels in the opposite direction 
to the river stream will be hampered by the river stream, but 
the vessels are easier to controlled. Conversely sailing vessels 
in the direction of stream, manuver of the vessels are caused 
by the rotation of the engine and velocity stream so they will 
go faster, but the vessels are more difficult to be controlled. 
[2]. River stream velocity is always changes depending on 

many variables, including the slope of the river bed, the depth 
and width of the river. PIANC divide the stream velocity to 
fairway into: 

• River stream velocity is suitable for fairway (< 0.77 
m/s). 

• River stream velocity which is tolerable for fairway 
(0.77 m/s – 1.54 m/s). 

• River stream velocity is not feasible for the fairway (> 
1,54 m/s). 

Because river stream velocity always changes and affects the 
vessel speed, hence to the analysis of traffic flow especially 
the capacity,  necessary to study the influence of river stream 
velocity to the vessel speed. 
 

In addition to the river stream velocity, wind speed can 
also affect the vessel speed, but the winds can affect the 
manuver of the vessel are strong winds or storms. Generally 
storms are rare in riverway in Indonesia. In the event of a 
storm, then almost all of the drivers does not sail or resting on 
the banks of the river until the storm subsides (interview with 
the captains of the vessel). Some literatures state that the 
strong winds blowing crosswise the vessel hull   affect the 
maneuver of the vessels namely cause the hull of sailing 
vessel is not straight with  longitudinal axis of the river, 
especially for empty vessels. In the literatures are not 
mentioned the effect of strong winds on vessel speed [3][4], so 
the effect of strong winds on vessel speed is not taken into 
account in this study. 

II. LITERATURE REVIEW 
Several studies have been conducted to see the influence of 

several factors or variables on the capacity of transportation 
facilities, such as highway and fairway. To determine the 
influence of variables or factors on the capacity of the  fairway 
(in this study is determined river stream velocity) can refer to 
several studies that have been conducted. 

A. U.S. Highway Capacity Manual 
May [5] stated that the Highway Capacity Manual divides 

analysis of the road capacity   into two, namely the analysis of 
road capacity in ideal and nonideal conditions. Ideal 
conditions for a multi-lane road is as follows: 

• Straight roadway  
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• The highway is divided for different directions in 
which each flow does not affect each other.  

• Full acces control  
• Design speed of 50 miles perhour  or higher 
• The minimum lane width of 12 feet  
• Minimum lateral clearance from the edge of the road 

lane  to the closest object or barrier at least 6 feet  
• only passenger cars in the traffic flow  
• Drivers are regular users of such roads 

Data of vehicles speed, flow and density of traffic are 
collected for a predetermined road in ideal conditions. Then 
the datas are plotted into curves and regression  conducted to 
see the relationship between average speed and traffic flow. 
Basic capacity  equation  and level of service under ideal 
condition are: 

 

Where:  
 i = lecel of service 
SFi 

j = design speed (miles per hou) 

= maximum service flow rate for level of service i (vehicle 
per hour) 

Cj 

N = number of directional lanes 

= lane capacity under ideal condition for design speed j 
(vehicle per hour per lane) 

(v/cj)i

If the road conditions are considered less than ideal road 
conditions, then the capacity is analyzed as a nonideal 
condition. Lane capacity should be smaller or less than ideal 
road conditions, hence lane capacity is reduced through 
several factors where each factor reflects the condition that 
causes the road is not ideal. The value of these factors will be 
multiplied to obtain the value of the capacity reduction factor, 
with proviso the factors must be independent and the influence 
of each factor can be multiplied. Furthermore, the capacity 
reduction factors are multiplied by the lane capacity under 
ideal conditions. Based on the above, Equation (1) which 
indicates the condition of the road under ideal conditions can 
be developed into Equation (2) which reflects the condition of 
the road under nonideal conditions. 

 = maximum volume to capacity ratio associated with 
LOS i 

 

Where f1, f2, f3,..., fn are reduction factors for nonideal 
conditions 

Reduction factors obtained by comparing the value of the 
capacity of the ideal road with nonideal  through  relationship 
curves the average speed of vehicles with traffic flow [5]. 

B. Indonesia Highway Capacity Manual 
Indonesian Highway Capacity Manual determines method 

to measuring the lane capacity and  the performance of road 
sections for the urban road,rural road and freeway where each 
road type is determined based on standard capacity. The 
standard capacity defined as follows: 

• Urban roads: the lane width of 3.5 meters,flow evenly 
split in both directions , the side friction of low with the 
shoulder width of 1.5-2.0 meters and city size  of 1-3 
million. 

• Rural roads: the lane width is 3.5 meters, flow evenly 
split in both directions, the side friction of low with the 
shoulder width of 1.5-2.0 meters. 

• Freeway: the lane width of 3.5 meters and flow evenly 
split in both directions 

Roads that show characteristics such as above or roads 
with a standard capacity, influence factors have value equal to 
1. If the characteristics of a road is not the same as the 
standard road, then the effect on the capacity will be 
calculated. Variation of the characteristics considered in 
Highway Capacity Manual  include [6]: 

• Geometric: lane width and shoulder width 
• Traffic: directional split 
• Enviromental: side friction and city size 

Basic capacity  equations of urban road is: 

C = CoFCWFCSPFCSFFCCS                                     
(3)

Where: 

                                                                                         

C = lane capacity (pcu per hour) 
Co 
FC

= standard capacity (pcu per hour) 
W 

FC
= the effect factor of lane width 

SP 
FC

= the effect factor of directional split 
SF 

FC
= the effect factor of side friction 

CS 

Rural capacity is not effected by city size, while freeway is 
effected only by side friction and the size of the city.  

= the effect factor of city size 

For the characteristics of the road beyond the standard 
conditions, the capacity will be determined by multiplying the 
influence factors with the a standard lane capacity. In general, 
the determination of the capacity of the road based on traffic 
flow, therefore if the characteristics of non-standard lane, then 
the curve will shift to the right when factor greater than one or 
better than standard conditions and left shift if factor is less 
than one or worse. Exceptions to the procedure of determining 
the capacity of the road is not standard for side frictions [7]. 



 
Figure 1 Adjustment factors for non standard cases  

(Source :[6]) 

C. The Effect of Side Frictions to Vehicle Speed 
Munawar (2011) conducted a study on urban roads of 

Yogyakarta at peak hours. Chosen roads are the urban road 
with a high side friction. This study was conducted to 
determine the effect of side frictions on road capacity and 
vehicles speed. Survey datas collection were conducted on 2 
roads in a city with a high side frictions, namely Gejayan 
Road and Kaliurang Road. Analysis using Multiple 
Regression to predict the speed at which the regression 
equation was first proposed [8] : 

Y = a1x1 + a2x2 + a3x3 + a4x4 + a5x5 + a6x6 + a7x7 +a8x8 
+ a9x9 + a10x10 + k                                                              (4) 

 
Where : 
Y = speed (km/hour) 
X1 = number of unmotorized (vec/hour) 
X2 = number of stopping city buses (veh/200 m/hour) 
X3 = pedestrian movement (pedestrian/200 m/hour)  
X4 = number of parking/stopping passenger car (veh/ 200 
m/hour) 
X5 = number of entry vehicles into the street (veh / 200 
m/hour) 
X6 = number of exit vehicles from the street (veh/ 200 
m/hour) 
X7 = number of passenger car per hour (vec/hour) 
X8 = number of heavy vehicles per hour (vec/hour) 
X9 = number of motorcycles per hour (vec/hour) 
X10 = number of total vehicles per hour (vec/hour) 
a1, a2,a3, … , a10 = coefisient factor 
k = constant factor 

D. The Equation of Waterway Capacity  in the Three Gorges 
Reservoir 
For comparison will be explained the correction factor to 

the equation proposed by Li ying (2005) to determine the 
waterway capacity  in the Three Gorges Reservoir, namely: 

 

Where : 

Q = the number of passing ships in the reservoir area a day 
(vessels per day) 
m = the number of ships channel upstream or downstream 
n = the number of ship’s type in waterway 
Pj 
V

= the distribution of type j ship (team) of ship flow 
j 

l

= the average speed of type j ship (team) of ship flow (km 
per hour) 

j   

Some changes in the conditions that must be adjusted so 
that equation 5 can be used are: 

= the ships field lengthwise of type j ship (team) of ship 
flow (km) 

k1 
k

= shipping period correction factor 
2 

k
= navigational regulation correction factor 

3 
k

= officer correction factor 
4 

k
= large ships correction factor 

5 
k

= ships’ interference correction factor 
6

Value of the correction factor refers to the Chinese River 
navigable Standards 2004. 

 = reservoir shipping correction factor 

This equation was  derived in 2005  at waterway 
conditions,  traffic flow and the characteristic of the vessels at 
the time. Li ying and Liu Mingjun anticipated changes by 
using  correction factors [9]. 

III. METHODOLOGY 
Study in this research based on literatures study conducted 

with comprehensive  on the effect of road geometric, traffic 
flow and the environment to lane capacity. The influences are 
considered as a multiplication factor, factor correction or 
adjustment factor to lane capacity. Based on the literatures 
study,  will be developed a method to taking into account the 
influence of the river stream velocity to vessel speed.  For 
completing information on vessels manuver and the influence 
of river stream velocity, conducted in-depth interviews with 
the captains of vessel and inland waterway researchers.  

IV. ANALYSIS 
In the simulation model of traffic flow, the manuver and 

interaction of vessels in the system are regulated by car 
following model that adopted from  highway traffic. 

Vessel  Speed at the condition of low river stream velocity 
can be determined based on the engine rotation speed. Engine 
rotation speed indicates how far the vessel can sail in a certain 
time unit.  But at  higher stream velocity conditions, vessel 
speed is affected by river stream velocity where the stream 
will encourage or inhibit vessel movement.  Referring to some 
of the studies that described above, changes in one or several 
factors will cause vessel speed changing which affect the 
increase or decrease in capacity (Figure 2). 



 
Figure 2 Speed-Flow Relationship for Multilane Facilities 

under Ideal Conditions (Source [5]) 

The picture above shows the changes in speed due to 
changes in the characteristics of standard road becomes a  non 
standard (non Ideal road), consequently traffic flow that can 
pass through a point or segment road into smaller. 

The results of the Munawar study [8] also shows the effect 
of side frictions as a factor that reduces the average speed of 
vehicles. The higher side frictions cause lower average speed. 
Figure 2 above explains that the traffic flow can pass on the 
road will be reduced if the average speed of the vehicles are 
reduced. Researches were conducted for composing  of the 
Highway Capacity Manual in America and Indonesia 
performed with empirical method  and  analyzed using 
regression. For comparison, Li ying (2005) considered 
changes traffic flow conditions and vessels characteristic in 
the future can changing the vessels speed and capacity. 
Determining capacity in the future uses  correction factors [9]. 

Vessel speed is affected by river stream velocity. The 
influence of the stream velocity to vessel distinguished for 
vessel moving in the direction and resisting  of river  stream. 
For the purposes of analysis of the influence of river stream 
velocity to vessel speed, hence done the collection of 
empirical data. The data collected are as follow: 

• Vessel speed based on the engine rotation speed. 
• Vessel  speed total , namely Vessel speed based on the 

engine rotation speed and river stream velocity. 
Surveyors go up to vessel carrying  GPS and  timer. 
They record the vessel positions for any period of time 
to determine the actual vessel speed. 

• River stream velocity 
After the ship through the observation point and the 
stream due to the movement of the ship begin to 
disappear, the stream velocity is measured using a 
current meter. 

To determine vessel speed in the field due to the influence 
of the stream can be done in two ways, namely: 

1. By using a regression where the independent variable is 
determined as vessel speed that is affected by river 
stream(vn), while the dependent variables are determined 
as vessel speed based on the engine rotation speed (v) and 
river stream velocity (vas

2. Vessel speed which are influenced by river stream 
(vn) is determined by using a correction factor that is 
multiplied by vessel speed at the time of low stream velocity 
(a river in a state of calm). 

). 

vn = v x fp

Where 

                                                   
(6) 

V = Vessel speed based on engine rotation speed or  vessel 
speed at the time of low river stream velocity.  
Vn = vessel speed based on the engine rotation speed and river 
stream velocity. 
fp is a correction factor that shows the influence of river 
stream on the vessel speed. When the river stream quietly, 
then fp is declared 1. 

For purposes of determining the multiplier factor,  river 
stream velocity that feasible for the fairway is divided into 
three intervals, namely 0 - 0.25 m / sec, 0.25 - 0.50 m / sec and 
0.50 - 0.77 m / sec. River stream  in a calm state is determined 
at the stream velocity < 0.25 m / sec, whereas when the river 
stream velocity > 0.25 m / sec, the vessels speed is determined 
by Equation (5) or Equation (6). Determining of correction 
factor  is proposed using  calibration method commonly used. 

Regression method to determine vessel speed simpler and 
easier to be done  in the field because river stream velocity is 
not split into several intervals. In addition, this method can 
produce a more accurate value because  vessel speed  based on 
a stream velocity value that read by device directly (current 
meter). 

Determination of acceleration or deceleration, speed and 
the vessel position for update time interval can follow   
equation (7), (8) and (9) in which the vessel speed was 
calculated based on the river stream for two different 
directions. 

 

vt
n =  vn

t+∆t
  + an

t+∆t

 

 x ∆t                              
(8) 

xt
n = xn t+∆t + vn

 t+∆t x ∆t + ½ a n
t+∆t

V. CONCLUSION 

 ∆t                             
(9) 

Speed sailing vessel is determined by engine rotation 
speed and river stream. Vessels are moving in the direction of 
river stream will be pushed by stream so that move faster, but 
it is more difficult to be controlled. if the vessels are move in  
the opposite of stream  will be hampered by the river stream in 
the opposite direction even though the vessel is easier to be 
controlled. 

The influence of river stream on vessels speed can be 
determined in two ways, namely:  



1. Regression analysis, namely relationship the vessel speed 
to engine rotation speed and river stream.  

2. Correction factor based on the engine rotation speed 
during calm stream.  

Predicted regression method is easier to be implemented 
and accurate, because the  vessel speed value in field based on 
the river stream velocity that be read by device directly. 
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