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Highway - Specifications for Design

1.   Scope of application.

This standard sets out requirements for the design of the public highway network, including new construction, rehabilitation and improvement projects. 

Besides this standard, the design of specialized roads such as Freeway/Expressway, urban roads, mine roads, forestry roads etc. should comply with the respective specific standards.

In the case of highway design involving other works such as: railways, irrigation works, hydro-electric plants..., the highway design and construction should follow the prevailing standards and subject to approval of the relevant authorities.

2.  Referenced Standards.

TCVN 4201 - 1995 
Soil for construction - Standard density laboratory determination methods.

TCVN 5729 : 1997 
Freeway/Expressway -  Specifications for Design.

3.  General 
3.1   Specifications for design

3.1.1   The elements of plan, profile and cross-section should be coordinated closely in order to make a spatially well-proportioned route, assuring both a favorable sight distance for moving vehicles and intrinsic mechanical stability, ecological equilibrium, environmental friendliness and turning the road into a positively integral part of the landscape in the locality.

3.1.2   Highways of category I to category III shall not be planned running through urban centers. The design of roads connecting with those urban centers should be in line with the planning.

3.1.3 For highway design, staged construction shall be considered. The options of staged construction should  be a part of the master plan and corresponding to  the recently estimated traffic volume. The master plan shall take full or most use of the works built in previously staged construction. When executing the staged construction plan, provision of  ROW  for future construction shall also be considered.

3.1.4.   Highway right-of-way shall be realized according to the prevailing rules and  regulations.

3.2.    Design Vehicles.

3.2.1  Except for caterpillar-type vehicles, all other means of transport not imfringing Article 3.2.2 are entitled to operate in highway.

Vehicles having dimensions greater than that  stipulated in Table 1 are considered as special ones which are only operational  as a special permit obtained from reponsible authorities.

3.2.2   The dimensions for design vehicles are given in Table 1.

Table 1 - Dimensions for design vehicles

                                                                                                              Dimensions are in meters
	Vehicle Type 
	Overall Length
	Overall Width 
	            Height
	Front Overhang
	Rear Overhang
	Wheel base

	Car
	 6.00
	1.80
	2.00
	0.80
	1.40
	3.80

	Truck
	12.00
	2.50
	4.00
	1.50
	4.00
	6.50

	Semitrailer 
	16.00
	2.50
	4.00
	1.20
	2.00
	4.00  ( 8.80


3.3.   Design Traffic Volume.

3.3.1   Design traffic volume is defined as the total number of passenger car equivalent vehicles that pass over a given cross section during a given time interval, estimated for the future year. 

The future year is defined as the 20th year after putting into operation of the newly-built highways and the 15th year  for the rehabilitation ones. 

3.3.2.   If there is no specific study, the equivalent factors for converting various sized vehicles to passenger car units can be obtained from Table 2.

Table 2 - Passenger Car Equivalent factors 
	Type of vehicles
	Bicycle
	Motorbike
	Car
	Trucks of 2 axles and mini bus with less than 25 seats
	Truck of more than 3 axles and large bus
	Trailer and bus with trailer

	Equivalent factors to passenger car
	0.2
	0.3
	1.0
	       2.0
	2.5
	3.0


Note  -  for the highway of four lanes or more, bicycle lanes are separated. Therefore, the number of bicycles is not converted and is used for determining the number of bicycle lanes.

3.3.3 Design volume characteristics:

a)   The Annual Average Daily Traffic Volume in the future year (abbreviated Ntbn¨m) has its unit as xcq®/n®.

This traffic volume is used to determine technical classification and to calculate other elements.

b)    The peak-hour traffic volume (abbreviated Nc®giê ) has its unit as xcq®/h.

This traffic volume is used for determining the number of lanes, assessing the quality of traffic flow, traffic control, etc.

Nc®giê may be determined as follows:

-   For statistical data available, it can be computed from N tbn¨m using the variation factors.

-   For annual hourly volumes available, using the the 30th highest hour volume of the year;

-   If there is no special study, Nc®giê  may be determined by the following formula:

                                  N c®giê  =  (0.10 ( 0.12) Ntbn¨m     (xcq®/h)
3.4    Highway categories.

3.4.1    Highway categories are classified according to their functions as stipulated in the first column of Table 3, and are applicable for highway management, operation and repair works. 

Table 3 -  Management  categories of highway

	Management categories
	Technical categories
	Design speed, Vtt  (km/h)
	Number of lanes required
	Major functions of highway

	I
	Category  80 and 60


	80 and 60 
	6
	

	II
	Category

 80 and 60
	80 and 60
	4


	Highway connecting large economic, political, 

	III


	Category

 80 and 60
	80 and 60
	2
	cultural centers

	IV


	Category

60 and 40
	60 and 40
	2
	Highway connecting regional economic, political, cultural centers with each other and connecting to arterial highways/expressways

	V


	Category

40 and 20
	40 and 20
	2 or 1
	Highway connecting entropots, depots, residential areas


Note -  Required number of lanes is calculated  as per Article 4.2 of this standard. 

3.4.2   From the technical view, highways can be classified as in Table 4.

 Table 4 -  Technical categories of highway

	Technical categories
	Design speed, 

Vtt  (km/h)
	Minimum Design Traffic Volume,

xcq® / n®

	80
	80
	(  3000

	60
	60
	(  900

	40
	40
	(  150

	20
	20
	<  150


3.4.3   Calculated speed in Table 4 is defined as the speed used for the calculation of major technical elements of each highway in difficult situations.

3.4.4  The determination of highway technical categories is based on the functions of each one, on topography conditions of its location and design traffic volume, so as to ensure its high economic effect and serviceability. The feasibility study must be done for the selection of highway category. The regulations in Tables 4 and 5 can be applied as reference in case of lack of supporting basis for argument.

Table 5 -  Selection of technical categories 

based on the functions and topography of highway

	
	Types of terrain

	Highway functions
	Level
	Hills
	Mountains

	Highway connecting large economic, political, cultural centers
	80 and 60
	80 and 60
	 60

	Highway connecting regional economic, political, cultural centers with each other or connecting to arterial highways/expressways
	80 and 60
	60 and 40      
	40 and 20

	Highway connecting commodity depots, residential areas
	40
	40 and 20
	20


Note -   Topography definition is based on common natural slope rates as follows:

                 Level  ( 10%;     Hills: from 10 to 25 %;      Mountains   (    25%

3.4.5   Each highway section must cover a minimum length as stipulated in its category. This minimum length is 10km for the 80 and 60 categories, 5km for the 40 and 20 categories. The difference in calculating design speed of the adjacent sections is not over 20km/h.

3.4.6   If the route runs through the level and low-hill areas with a specific control point, the calculated speed can be slowed down to a small value of the same administrative category, but the widths of roadbed and traveled way may be not reduced.

4.   Cross sections

4.1    General stipulations.

4.1.1  The roadway width consists of traveled way and shoulders. When necessary, separation bands should be provided.

When a highway has its calculated speed of Vtt  (  40km/h, the shoulders must have a stabilized or paved part. A median barrier should be placed for the highway of four lanes or more. The width of the median barrier is to comply with Article 4.4.1 and Table 7. The structure of the stabilized part of shoulder is simpler than pavement structure (in terms of number of layers, layer thickness and material quality). However, its surface must be made of the same materials as the surface of traveled way. When a highway has its calculated speed of Vtt < 40km/h, the materials used for stabilized part of shoulders and surface of traveled way may be different. 

The roadbed structure is demonstrated in Figure 1. 

1-  Direction guiding stripe (edge striping) applied for Vtt  (  60km/h

Figure 1.   Roadbed structure with stabilized shoulder and without stabilized shoulder

4.1.2    The minimum width of cross section elements of highway categories is given in Table 6

Table 6 -   Minimum Width of Cross Section Elements

                                                                                                                        Units are given in meter.

	
	Technical categories

	
	20
	40
	60
	80

	Traveled Way
	1 ( 3.50
	2 ( 3.00
	2 ( 3.50
	2 ( 3.50

	Shoulder
	2 (1.50
	2 ( 1.50
	2 ( 2.50
	2 ( 3.00

	Stabilized part of shoulder
	-
	2 ( 1.00
	2 ( 2.00
	2 ( 2.50

	Minimum width of roadbed
	6.50
	9.00
	12.00
	13.00


           Note -  The width of bicycle lanes and non-motorized vehicle lanes is not mentioned in Table 6. 

                       The width of separation bands complies with Article 4.4 

4.2     Traveled Ways

4.2.1  Traveled way consists of an integral number of lanes. This number should be an even number, except for cases that traffic volume in each direction has a significant difference or there is a special traffic control on the highway.

4.2.2   The number of lanes on the cross section is determined by the formula:







                                nlx    =   

Where:

      nlx       =  required number of lanes, rounded up as per Article 4.2.1;

      Nc®giê   = rush-hour design traffic capacity, which is determined as per Article 3.3.3;

      Nlth      = maximum capacity of through traffic flow, which is determined as follows: 

When there is separating band between the vehicles in opposite directions and that of motor vehicles and non-motorized ones, it is 1800 xcq®/h;

When there is separating band between the vehicles in the opposite directions but not for motor vehicles and non-motorized ones, it is 1500 xcq®/h;

When there is no separating band between the vehicles in the opposite directions and the motor vehicles use the same lane with non-motorized ones, it is 1000 xcq®/h;

Z        = volume-to-capacity ratio :


when Vtt   (   80km/h, Z = 0.55;


 when Vtt =  60km/h, Z = 0.55 for the level areas and z = 0.77 for the rolling-mountainous areas;

              when Vtt   (   40km/h, Z = 0.77

4.2.3    Lane widths.

In common cases, the lane width for each highway categories is as follows:




      Lane Width


Categories  (   60km/h

3.50m

Category  =   40km/h

3.00m


Category   =  20km/h

3.50m  There is no separated vehicle lane (see Table 6)

  4.3    Shoulders

4.3.1 When Vtt  (  40km/h, the shoulders have a stabilized part whose width is prescribed in Table 6.

4.3.2   For highway with calculated speed of 60km/h or more, there must be a direction guiding stripe (edge line). It is a continuos yellow or white color stripe, 20cm wide, placed on the stabilized shoulder and close to the edge of pavement. At places for passing cars such as intersections, merging and diverging maneuvers etc., this stripe is dash-line in accordance with the regulations on road signs.

4.3.3   At places where there are auxiliary lanes such as climbing lane, speed-change lane etc.,  these lanes will replace for the stabilized part of shoulder. If the width of remaining soil shoulder is not wide enough, it is necessary to widen the roadbed in order to ensure that the shoulder is not less than 0.5m in width.

4.3.4    Road for non-motorized vehicles

For the highway of four lanes or more, the non-motorized lanes are separated from the motorized lanes. The remaining categories should have a separated pavement for bicycles when Nc®giê is 750xcq®/h or more and the bicycle volume is more than 500 bicycles/hour in one direction.

The width of bicycle pavement in one direction is calculated by the formula b  = 1(n + 0.5 m, in which n is number of bicycle lanes in one direction. 

The through capacity of a bicycle lane is 1000 bicycles/hour in one direction. The bicycle lane is for one-way traffic and it is placed on the right hand of the outer motorized lane.

The width of bicycle pavement must be sufficient to account for passing capacity of other non-motorized vehicles.

The surface of bikeways must be as smooth as the adjacent motorized lane. 

4.4    Separating bands.

4.4.1   The separating band of highway with Vtt ( 80km/h consists of median and two safety parts (stabilized) on both sides. The minimum width of the separating band is illustrated in Figure 2 and Table 7.

Table 7 -   Minimum width of a median

                                                                                                                      Units are given in meter 

	The formation of separating bands
	Separated part
	Safety part  (stabilized) 
	Minimum width of  a median

	with curb stones, covers; no constructing piers (poles) on separated bands.
	                    0.50
	                         2 ( 0.50
	                                  1.50

	with curb stones, covers, piers (poles) on separated bands.
	1.50
	2 ( 0.50


	2.50



	without covers.
	3.00
	2 ( 0.50
	4.00


                                                        a.   Raised medians

                                                              b.   Flush medians, with the pavement surface

                                                              c.   Depressed medians, collected storm water to the middle.

Figure 2. Types of medians 

4.4.2    When the roadbed is divided into two separate parts, the one-way roadbed consists of traveled lane and shoulders. The formation of right shoulder is shown in Table 6, the left one has the same width as the right shoulder but the width of stabilized part can be reduced to 0.50m. The edge striping of 0.20m wide is still placed on the stabilized part of shoulder close to the pavement.

4.4.3    When the width of separating bands is less than 3.00m, the separating parts must be surfaced and rounded by curbstone.

When the separating bands is from 3.00  to 4.50m in width :

-    if it is protected by curbstone, it is necessary to ensure that soil in the separated area does not cause dirt to the pavement (soil surface is lower than curbstone);

-    if it is not rounded by curbstone, it is necessary to grow  grass or shrubs for soil protection.

When the width of separated band is over 4.50m (to reserve for added lanes or separate one-way roadways), it should be depressed and there the drainage structures should be provided to protect the roadbed from water infiltration. The formation of shoulder is prescribed as in Article  4.4.2.

4.4.4    The median should be cut to provide the path for vehicle turning. The turning path is placed as follows:

-   The interval between turning paths is not under 500m (when the width of median is smaller than 4.5 m) and not over 2km (when the width of median is larger than 4.5 m).

-   near (approaching) tunnels and long bridges.

The length and the edge of cutting place must be large enough for three-axles truck turning around.

4.5    Clearances.

4.5.1   Clearance is defined as a space limit to ensure traveling of all types of vehicles. No obstacle, including highway facilities such as road signs, lighting poles, etc. is allowed to be placed in the clearance area. 

4.5.2   The minimum clearance of highway categories is prescribed in Figure 3. The value of vertical clearance - H (including that of tunnels) as given here does not take into account the allowance for resurfacing when carrying out major repair or improvement.

4.5.3    In case of bicycle (or pedestrian) traffic is separated from traveled way, minimum clearance of bikeway and pedestrian is a rectangle of 2.50m high and 1.50m wide. This clearance may be placed close to the clearance of traveled way or separated by a separating band.

4.5.4    The clearance in the tunnel is showed in Figure 4.

The soil shoulder part is transformed into space for placing guardrails.

a-  Highways of Vtt  (  80 km/h  with medians;

 b-  All types of highway without medians;

B   -  width of traveled way;

H - clearance height from the highest point of traveled lane

Lgc -  width of stabilized shoulder part (see Table 6); 

m  -  separated part;


h -  clearance height at the edge of stabilized shoulder

s   -  safety part (stabilized);
                                              H  =  4.50 m             h  =   4.00 m

M - width of separated band;                         a reserved thickness for pavement improvement may be added 

M, m, s  minimum values (see Table 7)         into clearance height 

Figure 3.    Highway clearances 

F - width of bikeway or walkway;   

                                                               G - width for placing highway facilities.
Note: The left part is the case of  walkway and bikeway close with traveled way, the right part is the case of separation

Figure 4.   Clearances in the tunnel. 
4.5.5    The width of roadway on the bridge:

For long bridge (width length L ( 100 m), the width of roadway follows clearance standards of the bridge design.

For medium bridge (width length L < 100 m), it is determined by the width of traveled way and the width required for pedestrians and non-motorized vehicles movement combined. However, it must not be larger than the roadbed width.

For small bridge (width length L < 25 m), this width is equaled to the width of bridge.

4.6    Climbing auxiliary lanes

4.6.1   Climbing auxiliary lane is placed when:

- calculated speed  Vtt  (  80km/h 

- highway of four lanes or less;

- when grade is over 3% and length of grade is more than 800m;

  - economic and technical analysis in consideration of saving time of passenger car should be conducted when providing a climbing lane.

4.6.2   Formation of climbing lanes:

    -    The width of a climbing lane is 3.50m and can be reduced to 3.00m in difficult cases.

    -    Climbing lanes can be located as follows:

+   on the right hand side of the main traveled way, separated by a direction guiding stripe of 0.20m wide. At the outside of climbing lane, the remaining soil shoulder must has a minimum width of 0.50m;

 +  running independently in the separated roadbed. In this case, the possibility of vehicle passing must be considered in case the climbing lane is occupied by a broken down vehicle. 

    -    A transition part for the vehicle to enter or leave the climbing lane has an enlarged width of 1:10.

4.7    Cross Slope

All elements of the cross section must have cross slope as prescribed in Table 8. The cross slope in curved sections follows special regulations.

Table 8  -   Cross slope rate of cross-section elements

                                                                                                                Units are given in percent. 

	Cross section elements
	Cross Slope Rate

	Pavement and shoulder stabilized part

Cement concrete and asphalt concrete
	2.0 - 2.5

	Other types of road surface, good and flat rock paving plate
	2.5 - 3.0

	Fairly flat rock paving plate, or paved roads with block summarily surface.
	3.0 - 3.5

	Gravel macadamized, aggregate, low-type surface
	3.0 - 3.5

	Soil shoulder part
	6.0

	Separating band 
	depending on covering material.


5.   Horizontal/Vertical alignment and the combination of highway elements

5.1  Major technical specifications.

Major technical specifications of all categories of highway are shown in Table 9.

Table 9 -   Major technical specifications of highway

	No.
	Elements
	Calculated speed (km/h)

	
	
	20
	40
	60
	80

	1
	Maximum superelevation rate,  %                          
	6
	6
	6
	6

	2
	Minimum curve radius (corresponding to the superelevation of 6%),  m                                                 
	15
	60
	125
	250

	3
	Normal minimum curve radius (corresponding to the superelevation of 4%),  m                      
	40
	125
	250
	400

	4
	Curve radius without superelevation, m                                                       
	100
	200
	500
	1000

	 5
	Length of sight distances before a stationary object, m
	20
	40
	75
	100

	6
	Length of sight distances when meeting of an opposing vehicle, m
	40
	80
	150
	200

	7
	Length of passing sight distances,  m                         
	100
	200
	350
	550

	8
	Maximum grades,  %                                           
	9
	8
	7
	6

	9
	Minimum radius of crest vertical curve,  m
	200
	700
	2500
	4000

	10
	Minimum radius of sag vertical curve,  m
	100
	450
	1000
	2000


5.2   Sight Distances

5.2.1   Sight distance is calculated from the driver’s eye sight with its location considered to be:

    -     1.20m above road surface;

    -     1.50m far from the edge of the traveled way on the right side.

The height of an obstacle is considered to be 0.10m above road surface for a stationary object and 1.20m for an opposing vehicle.

5.2.2  Solutions to ensure sight distance should be sought (removing obstacles, excavating side slope, etc.). Traffic controls (speed limit, guide signal installation, etc.) may be applied in very difficult situations, or forbidding the passing vehicles.

5.2.3   Sight distance at intersections and small radius curves must be checked. All obstacles must be removed in order to ensure that the height of obstacles is 0.30m lower than driver’s eye sight (height of driver’s eye sight is 1.20m - see Article 5.2.1) .

5.3   Elements of horizontal alignment on the plan

5.3.1   On the plan, elements of horizontal alignment consist of straight sections and circular curve sections. When the calculated speed Vtt  (  60 km/h, it is necessary to provide a clothoid transition curve between straight line and curvature.

5.3.2    The length of the straight line is not longer than 3km.

5.3.3    The length of straight line between circular curvatures must be sufficient for:

    -    placing the transition curve; and

    -   it should not be shorter than 2V (m) between two opposing curvatures (V is the calculated speed, in km/h).

5.3.4   In the case of mountainous topography, when the calculated speed Vtt  < 60 km/h, it is not necessary to follow Article 5.3.3. However, the length of the straight line must be enough for design superelevation elements. 

5.4    Curvature on plans (Horizontal curve)

5.4.1   The horizontal curve radius should be clung to the topography and should provide favorable conditions for traveling (according to Table 9).

Only in difficult situations, the minimum radius may be applied. The use of radius flatter than the normal minimum radius should be encouraged.

5.4.2    When improving existing roads, in difficult situations, it is possible to retain on the existing road the minimum curve radius of highway with one category lower as compared with its design. 

5.5    Pavement widening on curves

5.5.1   On plan, the two-lane traveled way in the curvature with radius value smaller than 250m must be widened as shown in Table 10.

5.5.2   When the traveled way has more than two lanes, each lane is widened by a half of the value recognized in Table 10.

Table -  Extra width allowance on curve of two-lane traveled way on plan

                                                                                                                       Units are given in meters    

	Cases
	Distance from the rear axle
	Ranges of radius  (m)

	
	to the hitch point 
	250 ~200
	<200 ~ 150
	< 150 ~ 100
	<100 ~ 70
	<70 ~50
	<50 ~30
	<30 ~25
	<25 ~20
	<20  ~15

	I
	5
	0.4
	0.6
	0.8
	1.0
	1.2
	1.4
	1.8
	2.2
	2.5

	II
	8
	0.6
	0.7
	0.9
	1.2
	1.5
	2.0
	-
	-
	-

	III
	5.2 + 8.8
	0.8
	1.0
	1.5
	2.0
	2.5
	-
	-
	-
	-


Case I is applied to highways with calculated speed Vtt  (  20 km/h. 

Case II is applied to highways with calculated speed Vtt  ( 60 km/h. 

Case III is applied to highways which have big trailer volume.

5.5.3   The widening part is on the concave side of the curve. In the difficult conditions (for example: there is a cliff on the concave side), the widening part may be placed on convex side of the curve or on both.

5.5.4  The widening section totally coincides with the superelevation section and transition curvature. When these two elements are absent, it is formed as follows:

     -   having adequate length to widen 1m on the minimum length of 10m;

    -    throughout the widening section, the enlargement is based on the linear equation;

    -    a half of widening section is placed on the straight line, half on the curvature.

5.5.5    The widening part is placed in the area of stabilized shoulder.

The direction guiding stripe (and the others such as the auxiliary lanes for bicycles/pedestrians if any) must be shifted to the right side of the widening.

When it is necessary, the roadbed must be widened to ensure the remaining part of soil shoulder is not less than 0.50m.

5.6      Superelevation and superelevated section

5.6.1   Superelevation is the one-side cross slope of traveled way directing toward the concave side of the curve.

The maximum superelevation rate is 6%.

The minimum superelevation rate is based on the cross slope of pavement and is not smaller than 2%.

Superelevation rate corresponding with horizontal curve radius can be obtained from Table 11

Table 11 - Superelevation rate corresponding with horizontal curve radius

	Calculated 
	Superelevation Rate, %
	Normal

	Speed km/h
	6
	5
	4
	3
	2
	crossfall

	80
	( 250 ( 275
	>275 ( 300
	>300 ( 350
	>350 ( 500
	>500 (1000
	>1000

	60
	( 125 ( 150
	>150 ( 175
	>175 ( 200
	>200 ( 250
	>250 ( 500
	> 500

	40
	(  60 (  75
	> 75 (  100
	>100 ( 200
	> 200

	20
	( 14 ( 50
	> 50 ( 100
	-
	>100


Note  - For the highway with calculated speed  Vtt  = 20km/h and low-type pavement, the minimum superelevation rate of 3% is applied.

5.6.2    The shoulder in the curvature has same superelevation rate with that of the traveled way.

5.6.3    When there are two traveled parts, the superelevation can be made for each part separately.

5.6.4    The length of superelevated section (Lnsc ) is calculated in meter (m) and determined by the following formula:

                                              


in which:
          


B - width of traveled ways, in meter;


( - widening of traveled way, in meter;


isc  - superelevation rate; in percent;


in - adjustment grade in superelevation, in percent:

                          for highway with the calculated speed Vtt  =  20 ( 40km/h, it is
1%;


       
 for highway with the calculated speed Vtt  (  60 km/h, it is 0.5%;

Lnsc  is not shorter than the transition curve (if any), in meter.

 5.6.5    Superelevated section.

On the superelevated section, the change in cross slope from the cross section with adverse crown to the cross section with the full rate of superelevation can be done by two steps, as follows:

Preparation step: All the elements outside the traveled way (shoulder) are elevated, so that they have the same cross slope with traveled way by revolving about the pavement edge.

Performance step: this step can be conducted by two methods :

   a)  The convex side of the curve is revolved about the centerline profile to the cross slope of traveled way. Then, revolving the traveled way and stabilized shoulder part about the center line profile to the full rate of superelevation;

   b)  The convex side of the curve is revolved about the centerline profile to the cross slope of traveled way (similar to method a). Then, revolve the whole cross section about the pavement edge on concave side of the curve to the full rate of superelevation.

5.6.6.   The superelevated section coincides with the transition section, if any. Otherwise, it will be half on the straight line and half on the circular curve.

5.7    Transition curves.

5.7.1   Transition curves are placed on the highway with calculated speed Vtt  (  60 km/h.

5.7.2   Transition curves have the function of connecting the straight line to the circular curve and vice versa.

Transition curve coincides with the superelevation section and widening section of traveled way.

Length of transition curve  Lcht is not shorter than that of superelevated section and widening section (Lcht is not shorter than 15m). It is calculated in meter by the formula:



 ,    m

where:
          

         
Vtt  - calculated speed of the highway category, in  kilometer/hour;

R   - horizontal curve radius, in meter.

5.7.3   Transition curve is the clothoid which has basic equation as follows:

                                            Rc L  =   A2
in which:

R  -  curvature radius of a point on the clothoid, in meter;

L  -   length of the arc from the beginning of the curvature to the considering point; in meter;

            A  -  curvature parameter. This parameter should be selected adequately but it must be: 

                                                       A     (  


                                                       A     >      R/3

Where:

R  - horizontal curve radius, in meter;

Lcht - length of transition curve, in meter.

5.7.4   The third-degree parabolic curvature  or compound circular curves (the ratio of radius between two continuos curves should not exceed 2:1) can be used for replacing the clothoid on the transition curve.

5.8    Longitudinal Grades.

5.8.1   The maximum grade is given in Table 9 depending on highway category.

In difficult cases, after the economic analysis is made, the maximum gradient may be about 1% steeper than the values given in Table 9.

For the highway in areas with elevation of more than 2000m above mean sea level, the maximum gradient is not to exceed 8%.

5.8.2   The longitudinal grade in cut sections must not be smaller than 0.5%. In special sections, it may be allowed to use the grade smaller than 0.5% but the gradient length is not over 50m.

5.8.3    When the highway runs through residential areas, a grade smaller than 3% should be applied.

5.8.4.   Longitudinal gradient in tunnel (excluding those with length smaller than 50m) is not steeper than 3% and not flatter than 0.3 %.

5.8.5   The length of grade is not to exceed the value given in Table 12.

Table 12 -   Maximum length of grades

                                                                                                                      Units are given in meter 

	Grade
	Calculated speed     (km/h)

	%
	20
	40
	60
	80

	4
	-
	1500
	1000
	900

	5
	1200
	1000
	800
	700

	6
	1000
	800
	600
	500

	7
	800
	600
	400
	-

	8
	600
	400
	-
	-

	9
	400
	-
	-
	-


5.8.6. The length of grade must not be shorter than the values given in Table 13. The values in bracket are used for rehabilitation/improvement projects.

Table 13 -    Minimum length of grade

                                                                                                                         Unit are given in meter

	Calculated speed  (km/h)
	 80
	60
	40
	20

	Minimum length of grades, m 
	200 (150)
	150 (100)
	100 (70)
	60 (50)


5.8.7 On horizontal curvatures with radius smaller than 50m, the maximum gradient must be decreased by a reduction value given in Table 14.

Table 14 -   Reduction value of maximum grade on the horizontal curves of small radius 

	Radius of horizontal curve,  m 
	50 - 35
	35 - 30
	30 - 25
	25 - 20
	( 20

	Reduction value of maximum grade, %
	1
	1.5
	2.0
	2.5
	3.0


5.9    Vertical curves

5.9.1   When the arithmetical difference of grade at the vertical point of intersection is over 1% (for the highway with calculated speed  Vtt from 20km/h to 40km/h, it is 2%), the vertical curves must be planned.

5.9.2   The radius value of the vertical curve is selected depending on the topography in order to provide favorable conditions for traveling and must be not smaller than the values given in Table 9.

5.9.3   The vertical curves can be used on the type of the circular curve or the second-degree parabolic curvature.

5.10    Curves in zigzag.

5.10.1   The use of curves in zigzag should be limited.

5.10.2   Technical standards at turning path are shown in Table 15 (on curves in zigzag)

Table 15 - Technical standards at turning path on curves of zigzag
	
	
	Calculated speed (km/h)

	Technical standards
	
	80
	60
	40 vµ 20

	Calculated speed  
	km/h
	30
	25
	20

	Minimum radius of horizontal curve  
	m
	30
	20
	15

	Superelevation rate
	%
	6
	6
	6

	Widening value of two-lane traveled way part
	m
	2.5
	2.5
	3.0

	Maximum gradient    
	%
	3.5
	4.0
	4.5

	Minimum length of straight line between two curvatures    
	m
	200
	150
	100


5.10.3   Where trailers are expected to run, it is not allowed to use the curve radius smaller than 25m.

5.11    Combination of highway elements.

5.11.1   To ensure that vehicles can operate on the highways safely, smoothly and economically at the desirable speed, the driver should have good visual perception to acknowledge the alignment. To this end, all the elements of the highway and the highway itself and the surrounding landscape should be coordinated harmoniously. The requirements in Article 5.11 are obligatory for the highway with the calculated speed Vtt  (  60km/h. For highways with the calculated speed Vtt  from 20km/h to 40km/h, they should be encouraged to apply.

5.11.2   Combination of elements on horizontal alignment.

a)   The minimum radius should not be introduced at the end of long straight sections. Curvatures having minimum radius must be accompanied by the normal minimum radius at both sides;

b)    For small deflection angles, flat horizontal curve radius must be introduced as shown in Table 16.

Table 16 -    Horizontal curves selection, depending on deflection angle

	Deflection angle (degree)
	( 0.5
	1
	2
	3
	4
	5
	6
	8

	Horizontal curve radius should be used, m
	-
	10000
	6000
	4000
	3000
	2000
	1000
	800


c)   The short straight line should not be introduced between two curvatures in the same direction (according to Article 5.3.3) - When possible, it is recommended that two curvatures can be connected directly by a flatter radius;

d)    A short straight line should not be introduced  between two curves in opposite direction (S-curves). When possible, it can be solved by two solutions: 

            
-  increasing radius of the two adjacent curvatures; 

         

-  the straight section must be longer than 200m.

5.11.3   Combination of profile elements and horizontal alignment:

   -  in term of location, vertical curvature should be superimposed on horizontal curvature. The vertices of horizontal and vertical curves should be not sifted more than one-fourth of the length of shorter curvature;

   -    length of horizontal curve should be more than the length of vertical curve from  50 to 100m;

   -    horizontal curve with small radius should not be introduced near the top of a crest vertical curve;

   -   radius of sag vertical curve should not be smaller than one-sixth of the radius of horizontal curve.

5.11.4    Combination of alignment and structures.

-   Straight lines are encouraged to be introduced on bridges and tunnels. For the highway with calculated speed Vtt ( 80km/h, vertical and horizontal curves may be designed on the bridges and tunnels when necessary to ensure the continuity of  structures.

-   Grade and alignment should not be changed in the bridge and tunnel areas and in the length of 10m at both sides of the structures.

5.11.5   Combination of alignment and its surrounding landscape.

   -  The route should capitalize on the surrounding landscape such as: hills, mountainous, water surfaces, trees, architectural works, etc. in order to create a harmonious environment.

  -    Highways should complement to surrounding beauty. The highway should along the boundaries between forest and fields, along hills and rivers, avoiding topography cutting. The places of deep cutting or high filling should be compensated by planting vegetation, and piles of waste soil and borrow pits should be redesigned for better forms.

5.11.6    It is encouraged to examine the combination of highway elements and landscape by using the three-dimension mutable model.

6.   Roadbed and Drainage

6.1   Main requirements of roadbed design

Based on the requirements and importance of the route, natural conditions must be studied on site (including geology, ground, hydrology, construction materials etc.), and the construction technology must be taken into consideration, so as to design the roadbed with enough strength for base of road surface that meets a durable stability and economic rationale.

6.2.   Width of roadbed

The width of roadbed comprises of  traveled way (satisfying traffic volume in the future with required traffic flow quality), auxiliary lanes (including non-motorized lanes, pedestrians, climbing lanes, speed-change lanes, widening parts, transition parts, etc.) and the width of shoulders (refer to part 4, “cross section”).

6.3    Design elevation of Roadbed

6.3.1   Design elevation of roadbed is the elevation of outer edge of shoulder (after completion of construction work). When there are a median, it is the elevation of centerline of traveled lane which is used to calculate the median centerline. When there are two separated roadbed, there will be two design elevations on the two profiles separately.

6.3.2   The roadbed design elevation of the sections running along the bank of rivers, small bridge approaches and flooded fields must be at least 0.50m higher than the flooded water level of design probability (including the height of water rise and waves hitting to the surface of foreslope).

The probability of calculating flood flows is as follows:

-   When Vtt (  80km/h, the probability is 2% ;

-    When Vtt (  60km/h, the probability is 4%.

When Vtt  from 20km/h to 40km/h, each concrete case is considered. The common probability is 4% and there should be a technical economic study on the selection of probability.

6.3.3   The elevation of bottom of road surface must be higher than the calculated ground water table (or continuous stagnant water) by a height which is given in Table 17.

Table 17 -  Minimum height from calculated under ground water table (or continuous stagnant water) to the bottom of road surface                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                    Units are given in centimeter

	Types of filling soil
	Number of consecutive days subject to flooding per year

	
	Over 20 days
	Under 20 days

	Silty sand, fine sand, lean clayey sand
	50
	30

	Pumice sand, ponderous clayey sand
	70
	40

	Silty clay sand
	120 - 80
	50

	Pumice sandy clay, ponderous sandy clay, fat clay, ponderous clay
	100 - 120
	40


6.3.4   The elevation of pavement at the pipe culvert location must be higher than the top of pipe by a minimum height of  0.50m. When the thickness of pavement is more than 0.50m, this difference in height must be enough for the thickness of pavement.

6.4    Filling soil.

6.4.1   Filling soil can be obtained from borrow-pits, digging pits or cutting sections.

Digging pits must be designed with a complete geometric form that will not be detrimental to the surrounding landscape and can be used after completing the construction when necessary.

Soil obtained from all sources must undergo testing and must be placed layer by layer, without mixing up.

All layers are filled interposingly. However, when the drainage layer is put above the layer of difficult drainage, the surface of the below layer must have a cross slope from 2% to 4% for removal of water from the road itself.

6.4.2  If embankment is filled by sand, its surface must be covered to prevent the erosion of sideslope surface. At the same time, it should be ensured that water from the road itself  can run out easily. If it is covered by cohesive soil with the plasticity index of over 17, the minimum coverage thickness is 0.5m and a reverse filter layer must be provided for water drainage.

6.4.3   Where the natural ground has a cross slope less than 20%, it is entitled to remove the organic soil layer, then filled up the natural ground directly.

Where the natural ground has cross slope from 20% to 50%, it is necessary to bench before filling.

Where the natural ground has a cross slope steeper than 50%, the supported works (such as: toe wall, retaining wall, etc.) must be considered to be included.

6.4.4   Density.

Roadbed must be compacted to the standard density rate as given in Table 18.

Table 18 -   Standard density of roadbed (standard compaction according to TCVN 4201-1995)

	
	Depth below 
	

	Types of roadbed
	finished level of road surface 

(cm)
	Highways with calculated speed Vtt  ( 40 km/h
	Highways with calculated speed Vtt  < 40 km/h

	
	when the thickness of road surface is more than 60cm
	30
	>  0.98
	>  0.95

	Embank-ment
	when the thickness of road surface is less than 60cm
	 50
	>  0.98
	>  0.95

	
	below the above depths
	
	>  0.95
	>  0.90

	Cutting and no-cut/no-fill sections 
	30
	>  0.98
	>  0.95


6.4.5 Geological investigations and testing must be undertaken in special areas such as soft soil/sand-moving/karst areas for calculating and finding the structural solutions to ensure roadbed stability. These solutions must be fit with the highway category, structural works and geological condition of the highway location.

6.5    Sideslopes.

6.5.1   Cut slopes

Sideslope rate can be selected from Table 19 on the basis of geological structure conditions and the height of slope.

Table 19 -  Cut slopes

	Types of soil/rock
	Height of cut slope (m)
	Maximum rate of slope

	1. Hardly rock, 

   lightly weathered (cracking) 

   easily weathered rock
	16

16
	1 : 0.2

1 : 0.5 ( 1: 1.5

	2. Strongly weathered rock
	6
	1 : 1

	3. Loosen rock
	6 ( 12
	1 : 1.5

	4. Sand, clay at hard, semi-hard, hardly-plastic state
	12
	1 : 1.5


When the excavated section has several layers of different types of soil and rock, it is necessary to consider each layer to make different slopes. When the height of cut slope is more than the values recognized in this table, or if other types of soils are encountered, testing is needed for calculating the stability of cut slopes.

6.5.2   When the slope structure involves easily falling soils, a berm with a minimum width of 0.8m should be placed between the outer edge of the side ditch and the toe of cut slope. However, there is no need to place this berm when there is a protected wall, or when the height of cut slope is lower than 2.0m.

6.5.3  Fill slope rate is given in Table 20, depending on the height of fill and types of soil.

Table 20 -   Fill slopes

	Types of soil/rock
	Height of fill slope under 6m
	Height of fill slope from 6m to 12m

	 Lightly weathered rocks
	1 : 1 ( 1 : 1.3
	1 : 1.3 ( 1.5

	 Broken stone, gravel, sand mixed gravel, coarse sand, medium sand, ore residues      

 
	1 : 1.5
	1 : 1.3 ( 1.5

	 Fine sand and pumice sand, clay and clayey sand
	1: 1.5
	1 : 1.75

	 Silt, fine sand
	1 : 1.75
	1 : 1.75


6.5.4  The following cases must have specific design: 

   - the cuts or fills are not listed in the Table 19 and 20;

   - roadbed is in the river’s flood plain areas;

   - the fill is in the swamp areas, the swampy soil fails to be well dredged;

   - roadbed is in the areas complicated on geological conditions such as landslide/collapse/flood carry soils and stones/karst areas;

   - roadbed constructed by blasting and hydraulic method;

   - in areas of complicated phenomena on geology such as landslide/scouring stream/karst/collapse/flood carry soils and stones/sand wave etc. where they have occurred or are likely to occur, roadbed design must follow 22 TCN 171-87 “ Specifications for engineering geology investigation and design of slope protection works in areas of landslide or collapse”.

6.5.5   The surface of side slope must be protected from erosion by appropriate methods with in-situ geological and hydrological conditions.

6.6   Side ditch

6.6.1   Side ditch is placed as follows:

-    along the cut or the fill, lower than 0.60m;

-    in the area of median when the superelevation is designed separately for each traveled lane.

6.6.2   In common cases, side ditch has trapezium-shaped cross section:

-    width of bottom is not smaller than 40cm;

-    the rate of ditch sideslope is from 1 :1 to 1:1.5;

-    the depth of ditch should not be over 50cm ensuring that the calculated water level is at least 20cm lower than its edge;
-   the gradient of ditch should be that of the route. Where it is necessary to allow for a difference between gradient of ditch and that of the route, a detailed design must be done;

-    type of lining in ditch should be considered appropriately.

6.6.3   Side ditch in the rocky ground can have a triangle section with its depth not over 30cm and the rate of ditch sideslope from 1:1.5 to 1:3.

6.6.4   Side ditch in tunnels should have ample outlet capacity to remove dangerous fluids rapidly in case accidents happen inside.

6.7   Intercepting ditches.

6.7.1 In mountainous area, intercepting ditches must be provided for the cut of 6m high or more, except the case where the route runs through rock area. 

In case of a large catchment area, it is possible to design several ranges of intercepting ditches. The minimum distance from the intercepting ditch which is nearest to the highway to the top of cut slope is 5m.

Minimum width of the bottom of intercepting ditch is 0.5 m; rate of ditch sideslope is 1:1.5; ditch depth can be obtained from the calculation but must not be larger than 1.50m.

The gradient of intercepting ditch should be well fit with terrain characteristics, but its value must not be less than 0.5% . Ditch bottom and foreslope must be paved for preventing the infiltration of water into the roadbed.

6.7.2   Excavated materials from the intercepting ditch should form a dike along the lower side of slope, so that water can be drained into the ditch.

6.8     Ditch outlet.

It is necessary to ensure a good  dissipation of the flow energy at the outlet of cross drainage structures for preventing erosion.

Continuous hydraulic drop structures, chutes upstream and downstream of cross drainage structures are recommended.

6.9    Calculating probability of discharge of ditch. 

The probability used to calculate on discharge of side ditch and intercepting ditch is 4% .

Designed discharge is calculated based on existing specifications.

7.   Pavement

7.1   General regulations.

Pavement structure must be placed on traveled lanes for motorized and non-motorized traffic, speed-change, climbing auxiliary lanes, stabilized shoulder parts and the surface of service areas of highways of all categories.

The design of pavement is based on the volume and composition of traffic flow, highway category, service characteristics, availability of materials, natural conditions and  the existing specifications. The pavement must satisfy the following conditions: strength, durable stability, and other characteristics of its surface (roughness,  smoothness, the ability to drain and sanitary condition) to provide proper service to transportation, meet economic rationale and help to protect the environment.

7.2     Standard calculated load

Standard calculated load is defined as the single axle load of 10,000 daN; 6.0 daN/cm2 pressure and transferring on the tracing area of 33cm in diameter.

7.3    Surface types

The selection of pavement type is in accordance with 22 TCN 211-93 “Design specifications for flexible pavements”.

7.4   Pavement Structure

Pavement structure comprises of: 

    -   surface course, which is effected directly from traffic load;

    -   base course that is beneath the surface course. It distributes traffic load to the roadbed.

These courses are divided into several layers. The top layer is surface course, which must be durable, smooth, rough; resistant to plastic deformation and cracking at high temperature, traffic abrasion, disintegration, and must not cause dust and intoxication.

For the layers beneath the surface course, the in-situ materials should be used after testing and the approval from relevant authorities.

Pavement structure of the highway of low category may consist of one layer or two layers that can take on several functions.

7.5   Principles for pavement design

Structure and design of pavement must be in line with 22 TCN 211 - 93 “Design specifications for flexible pavements” and 22 TCN 223-95 “Design specifications for rigid pavements”.

7.6   Cross slope

The cross slope rate depends on the construction materials used for surface course, which is provided in Table 8 and must not be smaller than 2%.

At the transition of superelevated sections and intersections, theirs length should be maximally shortened where inevitable the cross slope rate is smaller than 2%.

7.7    Roughness and smoothness 

7.7.1    Friction coefficient should be maintained at not less than 0.45 during the whole operation period. It is determined by at-site braking method.

The roughness measurement methods other than sand spreading method or LPC trailer (France), or roughness measuring machine (England) are allowed to use after comparing with regulated specifications of two categories of speed 40km/h or 60km/h with at-site braking method.

7.7.2   The sliding road sign should be located at a place where standard roughness is not satisfied.

7.7.3  The smoothness is evaluated by 3m straight edge. Measuring method is as regulated in 22TCN 16-79. “Specifications for pavement smoothness measurement using 3m straight edge”.

For cement concrete and asphalt concrete pavements, 70% of the slits must be less than 3mm and the remaining 30% less than 5mm. For black crushed stone or black gravel pavements, 100% of the slits must less than 5mm. For other types of pavement, all slits must be less than 10mm.

For the highway designed with the calculated speed of 80 km/h, other instruments such as viagraph etc. can be used, but must be checked by 3m straight edge, and must follow the specifications of the maker.

7.8    Pavement on bridge

Pavement on bridge and flyover should have a separate design;  the optimum solution is to use the same surface course as the surface of adjacent highway sections. Connection joints between roads and bridge spans should be appropriately designed, to ensure smooth and safe conditions for vehicles entry and exit.

8.    Intersections.

8.1   Grade separations.

8.1.1   Define and classification 

Grade separation is an intersection in which one or more structures (bridges, tunnels) are built for a highway to cross another route. 

Grade separations can be classified into two types:

   -     Grade separation with interconnecting roadways - The interconnecting roadways allow vehicles moving from this roadway to the others - In grade separations, where traffic volume on minor crossroads is sufficient to justify at grade intersecting traffic flows, it is defined as an uncompleted grade separation. The intersection place of traffic flows is designed as an at grade intersection based on the regulations in Article 8.2

   -    Grade separation without interconnecting roadways  - This type can be applied where there is no requirement of redirecting movements. The traffic volume of redirected vehicles is quite light and can be routed to the adjacent intersections.

8.1.2    Field of usage of grade separations: the use of at-grade intersections on the highway is common. The grade separations should be considered to apply for highways with the calculated speed of 80km/h, through analysis of technical and economic aspects.

8.1.3    The determination of overpass or underpass roadways in the grade separations is based on two principles:  

-    providing the priority for the major highway;

-    easy to construct and economically benificial.

8.1.4    Clearances in  the grade  separations.

-   When the grade separation structures overpasses a freeway/expressway, regulations in Article 4.6 of TCVN 5729 : 1997 “Specifications for freeway/expressway design” must be observed.

   -     When the grade separation structures overpasses a highway or local route, it must follow the regulations in Article 4.5 of this standard.

   -    When the grade separation structures overpasses a railway, it must ensure the clearance of 5.30m high measuring from the top of rail and 4.00m wide (according to Decision No.2009 Q§/KHKT by the Ministry of Transports).

8.1.5    Traveled part on major road in the grade separations.

In the  grade separations, the traveled part of major roadway must not be restricted in comparison with that at near (approach) and far (exit) side of intersection. Besides this, the followings should be considered:

   -     the median of underpass highway must be widened to provide enough space for constructing the structural supports and safety devices, if the overcrossing needs the supports;

   -     it is necessary to add a collector lane 3.50m in width on the right hand of each direction. This lane must have adequate length to build the speed-change lane for vehicles run from major road to minor road and vice versa.

   -     adding a width of 1.5h, in which h is the height of the pedestrian curb.

8.1.6   Left-turning roadways are classified to three types:

   -    indirect left-turning type (vehicles turning 270();

   -    semidirect left-turning type (vehicles turning 90( in three quadrants);

   -    direct left-turning type (vehicles turning 90( in one quadrant).

The indirect left-turning type should be considered to apply when the volume of left-turning movements is less than 500 xcq®/h. 

The semidirect left-turning type should be considered to apply when the volume of left-turning movements is more than 500 xcq®/h.

The direct left-turning type should be considered to apply when the volume of left-turning movements is more than 1500 xcq®/h.

8.1.7    Cross sections of right-turning and left-turning roadways.

Cross section of connecting roadways (left turn and right turn) is determined in accordance with the instructions in Article 4.2 of this standard. However, it must follow the minimum regulations as follows:

   -  one-lane roadway is designed only when the length of connecting roadway is less than 80m;

   -  when the length of connecting roadway is more than 80m, one-lane roadway may be designed but the stabilized shoulder part must provide for the case of a truck passing a stopped.

8.1.8   Calculated speed in the grade separations is given in Table 21.

Table 21 -  Calculated speed of turning roadways 
                                                                                                        Units are given in kilometer per hour

	Maximum                   calculated 
	With the speed-change lane at the entrance and exit of turning roadways
	Without the speed-change lane at the entrance and exit of turning roadways
	Calculated speed   

	speed *
	Recommended minimum speed 
	Absolute minimum speed
	Recommended minimum speed 
	Absolute minimum speed
	of connecting sections

	120

100

80

60
	90

80

65

50
	80

70

55

40
	80

70

55

40
	60

50

40

30
	50

45

40

30


     *  Selecting the higher speed in the calculated speeds of intersecting roadways
8.1.9   The distance between grade separations with connecting roadways is not less than 4km.

8.2   At-grade intersections

8.2.1  Types of at-grade intersections and the scope of application.

The types of at-grade intersections are classified to:

-    simple intersection (can be widened in the future)

-    intersection with island on the minor roadway.

-    intersection with island and left-turning lane on the major roadway.

-    roundabout intersection.

-    signalized intersection.

The scope of application of at-grade intersection is given in Table 22.

Table 22 -   Scope of application of at-grade intersection

	Design traffic 
	Design traffic volume on minor roadway  xcq®/ n®

	volume on major roadway

xcq®/n®         
	Simple intersection
	intersection with island on minor roadway  and widening path
	intersection with island and left-turning lane on major roadway.
	Other types

	
	
	
	
	

	( 1000
	( 500
	500 ( 1000
	-
	-

	( 2000
	( 500
	500 ( 2000
	-
	-

	( 3000
	( 450
	450 ( 1000
	1000 ( 1700
	( 1700

	( 4000
	( 250
	( 250
	250 ( 1200
	( 1200

	( 5000
	-
	-
	( 700
	( 700

	> 5000
	-
	-
	( 400
	( 400


The intersection with a central island should be considered to apply for multileg intersections. The use of signal control on the highway is not encouraged, especially on the highways with calculated speed of 60km/h or more.

8.2.2   Alignment of at-grade intersections.

-   The alignments at intersection should be intersected at an angle as near to 90( as possible. Intersections at an angle less than 600 should be avoided. When the intersecting angle is less than 600 , the realignment to increase the angle of intersection should be considered;

-   On the plan, the alignment at intersections should be straight, the place of horizontal curve should be avoided and curvature radius less than the normal minimum value of corresponding highway category must never be used;

-   At-grade intersections should be placed at the flattened terrain. When the grade is more than 4%, the adjustment of sight distance in consideration of grade should be done. When the intersecting center is at a high point, it is necessary to pay attention to the examination of sight distance.

8.2.3  Widths of turning lanes.

Design vehicles: for calculating the width of turning lanes, the truck is used as design vehicle unless otherwise specified. Passenger car can be used as design vehicle when the volume of passenger cars is 60% higher than the equivalent one. Trailer can be used as design vehicle when the volume of trailers is 20% more than the equivalent.

Calculated speed when vehicles turning (for determining the horizontal curvature radius at turning path and the width of turning lane) is determined as follows:

Calculated speed in right-turn movement is not higher than 60% of the speed on the open-road.

Calculated speed in left-turn movement has two cases:

     -    minimum design speed:15 km/h;

     -    higher design speed: not more than 40% of the speed on the open-road.

The friction factor at intersections is used up to the limit value of 0.25. Maximum superelevation for curves at intersections is 6%, same as for open road.

8.2.4    Sight distance at intersections

There must be an unobstructed view at intersection, as illustrated in Figure 5.

 -  vehicles on the no-priority roadway is away from the conflict point at a distance of stopping sight: 

, m;
  - vehicle operator on the no-priority roadway observes a priority vehicle approaching (on the right hand) when it is far from the conflict point at a distance of   

 

in which:

VA    is calculated speed of no-priority vehicles, in kilometer per hour;

VB    is calculated speed of priority vehicles, in kilometer per hour;

Note - the cross stripe line means the outside of sight line

Figure 5 -  Sight distance at four-leg intersection, the predominant is on the right

8.2.5   Islands in at-grade intersection

a)   An island is a defined area for the following purposes:

     -  reduction in excessive pavement areas between turning lanes;

     -  clear channelization to control turning traffic streams;

     -  fixing conflict points and controlling of advantageous angle of conflict;

     -  making a protection area  for stopping vehicles to wait for turning or entering the major roadway;

     -  providing an area for pedestrian refuge;

     -  location of traffic control devices.

b)    Principles of arrangement and forms of islands:

     -  fewer islands are preferred;

     -  large islands are preferred to small one;

-  islands should be placed as to: provide an advantage for the predominant traffic directions, obstruct for traffic directions where the slow movement is needed, be an obstacle in the way of prohibitive traffic directions, provide an intersection with clear arrangement, easy to follow and unquestionable continuity.

8.3    Railroad grade crossings

8.3.1  A railroad-highway crossing must be placed outside the range of railroad stations, entry of railroad tunnel, wagon gathering track and signal lighting poles at the station entrance. The best intersecting angle should be a right one. In special cases, it must not be smaller than 450.  

8.3.2  Railroad-highway crossing should be a separation of grades in the following cases:

    -    highway with calculated speed  Vtt  (   80km/h  crossing a railroad;

    -  highway with calculated speed Vtt <  80km/h crossing a high-speed railroad (120km/h), especially where adequate sight distance is not available.

8.3.3    An adequate sight distance must be ensured at railroad-highway crossing at-grade, so that the highway drivers at a distance of a stopping sight distance from the crossing location (see Article 5.2. of this standard) can observe the approaching train at a distance leg along the railroad tracks not less than 400m and reversibly, the train operator must observe crossing location at the distance leg along the railroad tracks that is not less than 1000m (see Figure 6)

In the case the sight distance is not available (because of difficulties in ground clearance or economic conditions), the situation must be evaluated using good engineering judgment and the limit speed signs must be installed on the highway.

Figure 6 -  A sketch of required sight distance at a railroad-highway crossing at-grade

8.3.4    In the distance of 200m along the highway from the rail centerline to both sides, the width of highway traveled way at a railroad at-grade crossing should not smaller than 6m.

8.3.5 At a railroad crossing, the highway must be made level (0% gradient) or provided the same longitudinal gradient as the superelevated rate of railroad. The grade-change curvature can be started from 10m outside the intersecting center.

8.4    Other intersections.

8.4.1 In the range of electricity lines, telephone lines, the highway design must follow the requirements of the respective Management Departments and following instructions:

-   minimum vertical distance from the road surface to telegraph/telephone lines crossing highway is 5.5 m;

-   horizontal distance from the edge of roadbed to the posts of above-mentioned lines must be no less than four-third of post height and not less than 5m.

8.4.2   Horizontal and vertical distances from the highway to the electricity lines are given in Table 23.

Table 23 -   Minimum distances from the highway to the electric line
                                                                                                                           Units are given in meter

	
	Cable voltage, kV

	Types of cases
	( 10
	35 - 110
	220

	1. Vertical distance from road surface to cable:
	
	
	

	     a/  in normal operating conditions
	7
	7
	7

	     b/ when there is interruption of cable in adjacent post
	4.5
	4.5
	4.5

	2. Horizontal distance:

   a/ When cable crosses highway
	
	
	

	     -    from post foot to road edge
	equal to height of post

	     -   as above, but in areas where topography is restricted, from any part of post to road edge of highway having calculated speed Vtt  ( 80 km/h
	5
	5
	5

	         when crossing other road categories
	4.5
	4.5
	4.5

	   b/  When electricity cables run parallel to the highway:

The distance from outer cable suffered wind deflection to road edge 
	2
	4
	6


8.4.3   When a highway crosses pipelines such as water/steam/oil/thermic delivery/underground electricity pipelines, it must follow the present regulations of the respective management authorities.

9.   Bridges, Culverts, Tunnels and other water crossing structures. 

9.1    All types of bridges (overflies, road bridges, viaducts), culverts and tunnels on highways must be designed in accordance with their respective design standards.

9.2    Cross section of bridges and tunnels on the highway must satisfy the requirement of traveling. The dimensions of traveled lane are unchanged. The other elements of cross section can be narrowed where allowed; however, the difference should be not significant and the transition section must be provided. For the bridges with span length shorter than 8m, the cross section must be not restricted.

9.3    When a median is placed on the highway, it can be formed on the bridge based on the following methods:

     -  if the width of median is narrow, it may be covered by concrete slabs with the placement of safety devices;

-   if the median is more than 3m wide, it can be opened or replaced by a pedestrian lane 0.75m wide, 0.25m high for bridge repair works, with guardrail on the outside.

9.4    Horizontal and vertical elements are designed to comply with the regulated requirements of each highway category, including superelevated/widening details...if bridges and tunnels are placed on curvatures.

9.5  When designing a bridge, its location must be chosen at sites satisfying the following requirements:

-   the depth and area of flooded plains corresponding to the evaluated water level are minimum;

-   river bed is straight and stable, the majority of discharge runs in main channel;

-   the direction of water flow in dry season and in flood season is almost parallel. The construction of bridge will not cause the inundation of a large area of planting land and will not impair the existing irrigation works.

9.6   The probability of hydrological calculation for structures on the highway is determined as follows:

-   for small bridges and culverts based on the regulations in Article 6.3.2;

-   for the medium and long bridges, the probability is 1%;

-   long bridges may follow special regulations.

9.7    The culverts constructed under embankment must be as long as the roadbed width.

Culverts must have upstream and downstream structures to prevent water scouring the roadbed body.

For the culverts in cut sections, the upstream structures (continuous hydraulic drop structures, chutes, energy-dissipation structures) must be taken care of individually. In deep cut, a water conduit bridge may be used to carry water across the highway.

For the culverts placed on soft soils, a settlement value must be anticipated to ensure normal drainage after settling.

9.8    Minimum filling thickness above the top of pipe culverts is given in Article 6.3.4.

Density of filling soils follows the regulations of roadbed.

9.9    At river crossing sites, if it is not yet possible to build a bridge, a ferry or a pontoon bridge can be installed. Road surface at landing of ferry or pontoon bridge must be at least 9m wide, covered by cement concrete.

The gradient of landing sections is from 8 to 12% depending on the structure of ferry landing.

Parking areas, check-points and other services should be provided near the site of ferry or pontoon bridge.

9.10   On the highway with calculated speed Vtt from 20km/h to 40km/h, overflow or underwater roads can be built. When crossing flat and large flood plains, where the water is usually shallow, overflow road may be combined with overflow bridges, normal bridges or culverts for removing water flow quickly when floods occur. Maximum water depth above underwater and overflow road is prescribed in Table 24.

Table 24 -  Permissive value of maximum water depth above 

underwater and overflow roads

	 Water velocity,

(m/sec)
	  Permissive maximum water depth

(m)

	
	

	<   1.5
	0.4  -  0.5

	1.5  -  2.0
	0.4

	>   2.0
	0.2  -  0.3


Underwater and overflow roads must have a width at least of 7 meters. The surface of underwater and overflow roads is to be paved with concrete slabs or rock blocks not movable by water flow. Upstream side slope is 1 : 2, downstream is selected from 1 : 2  to 1 : 4. The surface of side slopes must be paved with large-size rock blocks. Toe of slope downstream must be rock blocks with the ability of scouring protection. Both sides of overflow and underwater roads must have traffic signals, and indicators of limit water level for crossing. On the overflow and underwater roads, there must be installed mark posts and water depth gauge must be installed at visible places.

10.  Safety devices on highways

10.1    Signs

10.1.1   Signs must follow the instructions in 22 TCN 237-97 "Regulations on road signs".

10.1.2   Sign systems on the highway must be implemented according to the following principles:

Unity. Signs on the highway and national highway network must be an unity of forms, dimensions, meanings, letter sizes, colors etc.

Name of locations mentioned in signs must be consistent, causing no doubt of confusion to the highway users.

Easy to read, to see.  Even in the bad weather conditions, dust, bad light...signs must be easy to read. Materials, paints...must be in accordance with regulations. Reflectorization signs should be used, especially it must be placed where is not lighted. Signs must be installed in the place of high visibility, without eclipse. When the traveled way is four lanes or more, repeated signs must be installed on the left hand, or overhead signs should be used.

Neat, easy to understand.  It is recommended to use international symbols rather than letters, sentences must be succinct. On the tourist roads, no more than one foreign language should be used in the guide signs.

Timely.  Locations of signal installation must warn drivers in a timely manner, so that they can make decisions before reaching a point where the reaction might be needed.

10.1.3   Combination of signs

Highway signs must provide enough information to drivers. The information must be provided in order and must be in the following logical order: first warning signs, next guide signs, and regulatory signs follow after that.

The content in road signs must not be contradictory with each other. Signs that are no longer of use must be promptly removed. The distance between sign supports must not be less than 200m and there must be no more than three signs on a support.

10.1.4    Guide signs 

Letter sizes: letter types, letter scales and its minimum dimensions must follow the regulations on road signs. When the sign reading distance is necessarily to be increased, letter height is selected in Table 25.

Table 25  -   Selection of letter height based on sign reading distance

	Sign reading distance, m
	50
	80
	100
	150
	175
	200

	Letter height, cm
	6
	10
	14
	18
	22
	25


Number of information letters:  not more than 5 lines.

Language: Besides Vietnamese, the use of more than one foreign language is not recommended.

10.1.5   Emergency or repair site signs.

Emergency signs must be placed when the natural disasters or the accidents occurred on the highway, or when a part of traveled way must be closed for repairing of highway.

These signs must be covered by reflectorizing paints, and combined with blink yellow lighting if available.

Fixed signs with meanings contradictory to that of emergency signs must be covered.

10.2     Marking.

10.2.1  Pavement markings and signs must be consistent, to provide exact information to highway users.

Markings no longer in use or having meanings opposed  to the existing conditions must be scratched out or covered.

10.2.2   Pavement markings must comply with the instructions in 22 TCN 237-97 "Regulations on road signs".

10.2.3   Materials of pavement markings.

Following materials can be used for pavement markings:

-   paints or equivalent materials. The paint to be used on pavement surface must not be slippery in all weather conditions, it must be fast dry and resistant to abrasion.

-  using reflectorizing pieces, clinch nails, glazed brick etc. Their thickness must not be over 10mm higher than pavement surface.

10.2.4    Letters painted on pavement

Letters painted on pavement must be tidy and limited to one line.

Letter height must be appropriate, considering to the operational speed and driver’s eye height (1.20m).

10.3   Guide posts, guardrails.

10.3.1   Guide posts must be installed where the filling height is from 2m to 4m. Guide posts are placed on soil part of shoulder. The distance between posts is prescribed in Table 26.

Table 26  -   Distance between guide post on horizontal curvatures

                                                                                                                         Units are given in meter

	Horizontal curve radius
	Distance between guide posts

	
	on the concave side of the curve
	on the convex side of the curve

	on the straight alignment
	50
	50

	> 1500
	50
	25

	from  > 1000 to 1500
	40
	20

	from  > 400  to 1000
	30
	15

	from   >  60 to 400
	20
	10

	< 60
	10
	5


Where guardrail is available, there guide posts are placed at the same row with railing posts, outside the steel railings.

The cross section of guide posts may be circular, triangular or rectangular in shape. However, its dimension must not be less than 15cm. The height of guide posts is 0.60m above shoulder elevation and that of the undergound section is not less than 35cm.

Painting colors used for guide posts follow the instructions of the regulation on road signs. It is recommended to use reflectorizing paint, or to paint a reflectorizing stripe of 4cm wide, 18cm long at the place 30 to 35cm beneath the top of posts and towards traveling direction.

10.3.2   Guardrails must be placed on the highway where the filling height is over 4m on bridges, viaducts, overflies, location of piers and abutments of underpass/overpass, pedestrian paths in tunnels etc.

Railings may be made of concrete or corrugated steel beam may be used. The cross section of steels is at least 4mm in thickness, 300 to 350mm in height and it should be formed in corrugated shape for increased rigidity.

Railing bars and posts are designed and checked based on strength requirements given in Table 27.

Railings must extend over the protection areas by at least 10m on both sides.

10.3.3   When railing bars and posts are made of equivalent materials, mechanical conditions must be checked following the requirement in Table 27

Table 27 -   Requirement on mechanical properties for guardrail

                                                                                                    Units are given in kN

	Strength elements
	Calculated force

	Corrugated railing, as flexural structure between two posts:

     in the direction from the centerline to the edge

     in the direction from the edge to the centerline

Steel post, expulsive force at the top of it

     in the direction of traffic movement

     in the perpendicular direction to that of traffic movement

Bolt: All directions

Expulsive force at each railing section
	9

4.5

25

35

25

400


10.4     Lighting.

Highways are not artificially lighted on their length, except at the following points: long bridges, tunnels, residential areas.

10.5    Artificial lighting.

Artificial lighting may be considered at the following places: large intersections, long bridges, tunnel and residential areas. The difference in illuminance between lighted place and unlighted place is not over 1 candela/m2  on the length of 100m for preventing glare.

11.    Auxiliary works

11.1   Planting 

11.1.1   Planting is the portion of highway design which must be included in project. Planting has the following purposes: protecting works, providing shade zone, creating landscape, guiding direction etc. At the same time, it can reduce traffic noise and dust, and prevent the glare for opposing vehicles.

11.1.2   Turf

Separation bands and islands without covers, dikes are left over near the highways must be grown with turf.

Fill slopes and cut slopes must be grown with turf by ways of  seeding or assembling grass pieces etc. for preventing erosion and improving highway landscape.

The selection of seed species must follow consultation with agronomists, and combination various grass varieties should be considered so as to ensure year-round greenery.

The height of turf is not over 5cm. Turf of over 5cm in height must be trimmed away.

11.1.3   Shrubs

Shrubs have the following effects: create landscape, prevent the glare from head-light of opposing vehicles, reduce traffic noise and dust.

Shrubs can be grown at medians, berms of cut and fill slopes. It must not be grown at small islands.

It is necessary to prune down shrubs, prune off branches, replace the dead ones and trim the top of shrubs so that their height will not be over 0.80m

11.1.4   Trees

Big trees must be planted outside the soil shoulder. They can be planted on both sides along the roadway or made into a clump of trees beside the road.

The selection of tree species must follow consultation with agronomists. Tree species should be suitable to the habitat, their roots do not spoil highway structures,  trees should not fall down easily, their branches should not be fragile, and they should serve good decorative effect.

11.2    Bus stops

11.2.1   Bus stops can be classified into three types:

-   Simple stops: Buses stop located on the part of traveled way, close to the right edge. Buses decelerate or accelerate right on the outer lane;

 -    Avoiding stops: Buses use a part of traveled way and a part of shoulder for stopping. Buses decelerate or accelerate right on the outer lane;

-    Separating stops: Buses stop  at the area which is outside the traveled way and separated by level, curbs, railings, separation bands. Buses decelerate or accelerate on the outer lane and on the lane which is separated from main traveled way.

11.2.2   The scope of bus-stop application is as follows:

a)  When the frequency of buses is smaller than the value given in Table 28, a simple stop can be used; when it is bigger, an avoiding stop must be used.

Table 28 - The scope for applying avoiding stop 

	Average Daily Traffic in future year 

Ntbn¨m xcq®/n®
	1000
	2000
	3000
	4000
	5000

	Frequency of evaluated bus, buses/hour
	( 5
	( 2,8
	( 1.6
	( 1.2
	( 1.0


Besides following the instructions in Table 28, avoiding stops must be placed in the following cases:

   -    when the shoulder is more than 3.0m wide;

   -    when the width of shoulders is from 2.0m to 3.0m and the volume of two-wheel vehicles is more than 50 vehicles/hour in one direction;

   -   when the above-mentioned conditions are not available but the bus stop is under 15m away from the pedestrian crossing.

b) Separating stops must be provided on the highway with the calculated speed Vtt  (  80 km/h.

11.2.3    Bus stop arrangements:

-    simple stop: Buses stops on the outer lane, and the shoulder is used for loading;

-  avoiding stops: Minimum width from the edge of traveled way is 3.0m. The dimensions of loading platform is 1.5m wide and 15m long. Its arrangement is illustrated in Figure 7

-  separation stops must have entrance and exit roads and speed-change lanes must be taken into consideration.

Figure 7 -    Minimum arrangement of an avoiding bus stop

11.2.4    Location of bus stops

-    bus stops are placed on the right hand side of traveled way;

-  the spacing of bus stops is 300 to 500m at least. The bus stops must be not located on curvatures with radius value smaller than the normal minimum horizontal curve radius.

-   bus stops are located on both sides of roadway, the length between the starting point and the ending point of bus stop must be 10m at least;

-   bus stops may be located on the near (approach) side or the far (exit) side of intersections. The distance from bus stop to intersection must be in consideration of accelerated section, observation time (when bus stop is located on near side), braking section (when it is located on the far side), and the impact of bus stop to through traffic capacity of intersection. When bus stop is located on far side,  it must be at least 50m far from the center of intersection.

When bus stop is placed on the near side, it must be at least 40m away from the center of intersection for the highway with the calculated speed Vtt = 60 km/h, and 60m away for the highway with  Vtt =  80 km/h.

At intersections with the pavement markings for pedestrian crossings, bus stop must be placed at least 10m away from that crossing.

11.3    Rest and other service areas

11.3.1  It is necessary to consider to provide rest and other service areas on highways with the calculated speed Vtt  (  60 km/h. The rest areas serve the following purposes: to reduce the fatigue of highway users, increase traffic safety and make better use of the country’s potentials for tourism.

11.3.2   Rest and other service areas must be separated from the roadway. The acceleration and declaration factors must be included in the design of entrance and exit roads. Guide signs must be installed on the main roadways in accordance with the instructions in 22 TCN 237-97 "Regulations on road signs".

11.3.3    Rest areas. 

Temporary rest areas:  having the area of 5000 m2 more or less, with parking areas; fixed facilities for car parking area (less than 10 cars)  may be provided, together with tables and chairs, roofs cover from rain, taps for drinking water, information boards about locality’s history and geography.

Large rest areas:  having the area of more than 10.000 m2. Parking areas for cars, trucks and buses are provided. It may include following services, which are managed by local authorities: medical stations, petrol stations, car services, soft drink bars and shopping counters, public telephone points (or post offices).

11.3.4    The spacing of temporary rest areas is 10km to 20km

The spacing of large rest areas is  60km to 100km.

On highways of more than 100km in length, it might be necessary to consider to provide hotels.

The selection of rest area location must be consulted with local authorities.

11.3.5   Parking areas must be paved. Minimum dimensions of parking areas are as follows:

-   for cars: 2.5m x 5.00m;    

-   for trucks:  4.0m x 20.00m;   

-   for buses: 5.0m x 15.00m.

11.3.6  It is important to plant trees at rest areas, in order to:

-   separate rest areas and roadways, provide the relaxing setting for highway users to take a rest;

-   separate parking areas and among sections in the rest areas. High trees should be grown at parking areas to provide the shadow zones.

12.   Environmental protection.

12.1   Environmental protection must be an integral part of highway design from the very beginning of the project.

Special attention must be paid to the selection of highway location, because the highway will exercise a great and lasting influence over surrounding environment. Highway design must  be in harmony with and take maximum advantage of topography of highway location. Deep cuts and high fills should be avoided. Highways should run in the boundary areas, such as boundary between forest and rice-fields, hill slopes and rice-fields, the division of existing landscape should be avoided.

12.2   Cut and fill slopes must be covered with vegetation (even when the slopes have been stabilized). Berms may be provided at high slopes for planting shrubs.

12.3    It is essential to ensure uninterrupted movement of vehicles and avoid traffic jam as a good method for preventing toxic exhaust gas from vehicles.

12.4    Permissive standards on noisiness and vibration must follow Article 3.12, Article 4.16, Article 4.18 and appendices 4.4, 4.6 of Vietnam Construction Standard and 22 TCN 242-98 “Procedures on environmental impact assessment for feasibility study Projects and construction design of transportation works”. Plantings, earth walls or noise barriers made of other materials must be designed and constructed when necessary for the reduction of noise and dust. 
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