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HIGHWAY - SPECIFICATION FOR DESIGN

1. Scope of application

This standard provides regulations for design specifications of highway construction, improvement and upgradation.

Beside this standard, the design of highway for specific purposes such as : high speed, urban, mining tab, forestry should follow some other concrete standards.

The design of highway related to other constructions such as ; railway, hydroelectricity, irrigation should be complied with the State 's current regulations and approved by the relevant authorities.

2. Referred standards

TCVN 4201-1995 Construction land - Measures for laboratory density standard definition .

TCVN 5729 : 1997 Freeway/expressway - Specification for design.

3. General regulations

3.1 Specifications for design.

3.1.1 The combination of such elements as : plan, cross section and profile should be attached important to construct a mechanics stability route,  capable of providing  ideal sight distance for vehicle drivers, protecting environment and ecological balance, thus making it harmonious with the surrounding landscape.

3.1.2 Highways of class I to class III should avoid running through the urban areas.  The design of roads connecting to cities should base on the planning.

3.1.3 It should be considered all periodic projects which serve as a part of the master one and suitable with vehicle flow. This master project should make full use of periodic constructions. And the development of periodic projects must take into consideration the construction land for the future completed construction.

3.1.4 The design of highway protective corridors should follow the current regulations.

3.2 Design vehicle.

3.2.1 Apart from chain wheel vehicles, all other means of transportation without violating article 3.2.2 are entitled to run in highway.

3.2.2 Vehicles possessing one or more than one size criteria that breaks standards provided in Table 1 are viewed as special ones whose operation must be granted permit by the relevant authorities and under a special treatment.

3.2.3 Sizes of design vehicle are regulated as in Table 1. 

Table 1 Dimensional Design Vehicles

	Type
	Length
	Width
	Height
	Front
	Rear
	2 axle distance

	Car
	6
	1.8
	2
	0.8
	1.4
	3.8

	Truck
	12
	2.5
	4
	1.5
	4
	6.5

	Container
	16
	2.5
	4
	1.2
	2
	4 - 8.8


3.3 Flow of design vehicle.

3.3.1 Flow of design vehicle is the number of passenger car units converted from other kinds of auto vehicles, via a cross section in a specific period of time, counted for the future year.

The future year means the 20th year after the utilization of a new road construction and the 15th year for a road up gradation.

3.3.2 If there is no specific study, passenger car unit converted from other auto vehicles should be on the basis of the table 2.

Table 2. Converted factor from vehicles to car
	Type
	Bicycle
	Motor
	Car
	Trucks 2 axles and Mini Bus
	Trucks > 2 axles and Bus
	Container

	Converted factor
	0.2
	0.3
	1
	2.0
	2.5
	3.0


3.3.3 Types of design vehicle flow

a) The average design vehicles flow day and night (in short Ntbnam) in the future year has its unit as  xcqd/nd.

This flow is a base for the selection of technical classes and the calculation  of many other elements.

The design vehicle flow at rush hours  (in short Ncdgio) has its unit as xcqd/h

b) This flow is a base for the selection of vehicle lane number, qualification of vehicle stream and transportation organization.

Ncdgio can be counted as follows : 

· On the basis of statistic documents, it can be inferred from Ntbnam through unequaled coefficients.

· On the basis of statistic documents on annual flow per hour, the flow at the 30th rush-hour should be used.

· If there is no special study, the calculation can be made as follows :

Ncdgio = (0.10 (0.12) Ntbnam  (xcqd/h)

3.4 Highway classes

3.4.1 Highway is classified according to its functions as stipulated in column 1 table 3, applying for highway management, and reparation works.

Table 3 Administrative Class of Highway

	Administrative Class
	Technical Class
	Speed for Design (Km/h)
	Lane require
	Main Functions

	I
	
	
	6
	Road connecting cultural, economic and politics centers

	II
	80 and 60
	80 and 60
	4
	

	III
	
	
	2
	

	IV
	60 and 40
	60 and 40
	2
	Road connecting local cultural, economic and politics centers to highway or high speed

	V
	40 and 20
	40 and 20
	2 or 1
	Road connecting market places and residence zones


3.4.2 From the technical view, highway can be classified as in table 4 :

Table 4 Technical Class of Highway

	Technical Class
	Speed for Design (Km/h)
	Min. Traffic Volume (Pass. Car)

	80
	80
	( 3000

	60
	60
	( 900

	40
	40
	( 150

	20
	20
	< 150


3.4.3 The calculating velocity in table 4 is the base for the calculation of main technical criteria in difficult situations.

3.4.4 The definition of highway technical classes is based on the function of each one, its locality and design vehicle flow for its economical and service efficiency. Besides, the classification also requires economic justification. If the argument is weak, it can be inferred from the stipulations in table 4 and 5.

Table 5.Technical classification based on road's function and topography

	Road's functions
	Topography

	
	Plain
	Hill
	Mountain

	Road connecting cultural, economic and politics centres
	80 ;60
	80;60
	60

	Road connecting local cultural, economic and politics centres to highway or throug­ay
	80 ;60
	60;40
	40;20

	Road connecting market places and residence zones
	40
	40;20
	20


Note : Topography definition is based on popular crossfall rates as follows :

Plain < 10%

Hill from 10% to 25%

Mountain > 25%

3.4.5 Each route should cover a minimum length unified with its class. It is 10km for the 80 and 60 classes, 5km for the 40 and 20 classes. The difference in calculating velocity of highway consecutive parts is not over 20km/h.

3.4.6 If the route run through the plain and low lands, the calculating velocity can be slowed down to a small value but the width of highway surface and pavement may not be shrunken.

4. Cross section

4.1 General stipulations.

4.1.1 Highway surface covers right-of-way and buffer zone. When it is necessary, there should be a separation band. 

When the buffer zone has Vtt  >= 40km/h, it has reinforcement. If the highway engulfs 4 vehicle lanes, there should be a median. Its width is based on the stipulation in article 4.4.1 and table 7. The buffer zone's reinforcement has simpler structure as compared with that of highway surface. Specifically, it shall have fewer layers whose thickness are smaller and formed by less qualified construction materials. However, its surface must be made of the same materials with the surface of the right-of-way. Still, when its Vtt <= 40km/h, the reinforcement is made of different construction  materials to that of the highway surface. Diagram 1.

4.1.2 The minimum width of cross section elements of highway classes is stipulated in table 6.

Table 6. Elements of Cross section

	Elements
	Technical Class

	
	20
	40
	60
	80

	Carriage way
	1x3.5
	2x3
	2x3.5
	2x3.5

	Shoulder
	2x1.5
	2x1.5
	2x2.5
	2x3

	Treated Shoulder
	-
	2x1
	2x2
	2x2.5

	Min. Road Width
	6.5
	9
	12
	13


This table excludes bicycle lane

4.2 Right-of-way

4.2.1 The right-of-way comprises a whole number of vehicle lanes. This figure is an even number. But it is not applicable for cases that vehicle flow in the two opposite directions experiences a remarkable difference or there is special transportation organization. 

4.2.2 The number of vehicle lanes is defined as follows :[image: image1.wmf]R
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nlx  is the required number of vehicle lanes, rounded up as article 4.2.1 Ncdgio is the design vehicle flow at rush hours, according to article 3.3.3

Nlth is the max. throughput capacity, which is defined as follows :

· When there is separation band between the two-way vehicles and that of auto vehicles and non-motorised ones, it is 1,800 xcqd/h

· When there is separation band between the two-way vehicles but not for the auto vehicles and non-motorised ones, it is 1,500 xcqd/h

· When there is neither separation band between the two-way vehicles nor between auto vehicles and non-motorised ones, it is 1,000 xcqd/h

Z is the throughput utilization coefficient :

-When Vtt >= 80km/h, it is 0.55

-Vtt= 60km/h, it is 0.55 for the plain and 0.77 for the mountainous areas.

-Vtt<= 40km/h, it is 0.77

4.2.3 Width of one vehicle lane

In common cases, the width of each vehicle lane of all classes is stipulated as follows :

Class >= 60km/h

3.50m

Class = 40km/h

3.00m

Class = 20km/h

3.50m  There is no separate vehicle lane. (See table 6)

4.3 Buffer zone

4.3.1 When Vtt >= 40 km/h the buffer zone has reinforcement whose width is stipulated in table 6.

4.3.2 For highway with the calculating velocity of or over 60km/h, there should be a direction guiding strip. This strip covers a non-interrupted line of white or yellow color. It is 20cm wide lying on the reinforcement, closed to the edge of the highway surface. At the intersections, or places where vehicle lanes integrating or separating, etc, this strip covers an interrupted line according to the regulations on transportation signals.

4.3.3 3 At places where appear climbing road or speed transition lane, these lanes will replace for the reinforcement. The road pavement should be expanded if the remaining edge of land smaller than the minimum size of 0.5mm.

4.3.4 Road for non-motorized vehicles

The road has 4 or more vehicle lanes. The non-motorised vehicles are separated to the auto vehicles. For other road classes, there should be a separate road space for bicycles when the vehicle lane has Ncdgio >=750xcqd/h and the bicycle flow is of or over 500 bicycle/h/one way.

The width of the bicycle road surface in one way can be calculated as follows :



                                 b =  1 ( n ( 0.5 m

n : is the number of  bicycle lanes in one way.

The throughput capacity of a bicycle lane is 1,000 bicycle/h/one way. The bicycle road is organized one way and on the right hand side of the outer motor lane.

The width of road surface for bicycles should take the control of other non-motorised vehicles.

Its surface should be as smooth as that of the motor lane.

4.4 Separation band

4.4.1 The separation band of road with Vtt >= 80 km/h consists of median and two side buffer zone. The minimum width of the separation band is referred to diagram 2 and table 7.

Table 7 Minimum Median Shoulder Width

	
	Separation band
	Buffer zone
	Min. Width (m)

	Curb, 
	0.5
	2x0.5
	1.5

	Curb, 
	1.5
	2x0.5
	2.5

	
	3
	2x0.5
	4


4.4.2 When the road pavement is separated in two parts, the width of one-way road comprises right-of-way and buffer zone. The right hand side buffer zone is built as stipulated in table 6. The left side one has its width remained the same but the reinforcement's width is reduced to 0.50m. On the edge of the reinforcement closed to the road surface, there still remains direction guiding strip of 0.20m width.

4.4.3 When the separation band is smaller than 3.00m, the separation land should be covered its face and protected by curbstone. When the separation band is from 3.00 to 4.50 m of width :

· If it is protected by curbstone, it is necessary to ensure that the land in the separation area is not causing dirt to the highway surface. (land is lower than curbstone)

· Otherwise, it is important to grow grass or bushes to protect land.

When the separation band is over 4.50m (to reserve for vehicle lane expansion and road pavement separation) it should be concave. Besides, the water drainage should be built to prevent road pavement from water penetration. The buffer zone structure is stipulated as in article 4.4.2

4.4.4 The median should be cut to pay the way for vehicle turning around. This cutting place is arranged as follows :

· Not under 500m far from each other (when the separation band is smaller than 4.5m) and not over 2km (when the band is larger than 4.5m)

· In front of underground constructions and big bridges.

The length of the cutting place and of the sheared edge of the separation band must be large enough for 3 axis truck turning around.

4.5 Clearance

4.5.1 Clearance is the space limit to ensure the circulation of all vehicles. Not any obstacles are entitled to lie in the realm of clearance, including road constructions such as : signal boards, lighting poles, etc.

4.5.2 The minimum clearance of all highway classes is stipulated in diagram 3. The value of clearance-H (even in the tunnel) as stipulated here is not taking into account the reservation for highway surface elevation when carrying out periodic overhaul or improving enhancement.

4.5.3 When bicycle way (or the pedestrian way) is separated from the motor way's right-of-way, its minimum clearance is a rectangular, 2.50m high, 1.50m wide. This clearance can go close to motor lane's right-of-way of or separated by a separation band.

4.5.4 The clearance in the tunnel is stipulated in diagram 4.

The buffer zone is transformed into space for placing protective corridor.

Diagram 4

4.5.5 Width of bridge road 

For big bridge (its length >= 100m): the road's width is stipulated under the clearance standard of the bridge design. For the medium size one (<100m), it is defined by right-of-way's width and space needed for the circulation of non-motorized vehicles and pedestrians combined. However, it must not be larger than the road pavement's width. For the minor one (<25m), this width is equaled to the bridge's width.

4.6 Climbing road

4.6.1 Climbing road is designed when :

· Vtt >= 80km/h

· highway of 4 vehicle lanes (or under)

· When the slope is over 3% and lasting  more than 800m

· Economic-technical justification takes into account time saving when climbing slope.

4.6.2 Structure of climbing road

The climbing road's width is 3.50m or shrunken to 3.00m when it is difficult.

This sub lane can be located as follows:

· On the right hand side of the main right-of-way, separated by a direction guiding strip. On the outside of the 0.20m wide climbing road, the buffer zone must reach the minimum width of 0.50m.

· Running independently in the separate way. In this way, the possibility of vehicle passing when there lies a broken one should be estimated.

The transitional part from the sub lane to the main way and vice versa should has the expansion amplitude: 1:10

4.7 Cross fall 

All the elements of the cross section must have cross fall as stipulated in table 8. The cross fall in the curve has concrete stipulation.

Table 8 Cross fall rates of cross section elements (%)

	Cross section elements
	Cross fall

	Road surface and reinforcement

Cement concrete and plastic concrete

Other kinds of road surface, and smoothly high-qualified rock tiled road
	

	
	2.0 - 2.5

	
	2.5 - 3.0

	Normal -qualified- rock tiled road 

Macadam, gradation and low class road surface
	3.0 - 3.5

	
	3.0 - 3.5

	Land edge
	6.0

	Separating band
	depends on covering materials


5. Plan, vertical profile and the combination of the road's elements

5.1 Main technical standards.

The main technical standards of highway of all classes are provided in table 9.

Table 9. Main Criteria of Highway

	Elements
	Design Speed (Km/h)

	
	20
	40
	60
	80

	1
	Max. Superelevation (%)
	6
	6
	6
	6

	2
	Min. Curve Radius (Sup. e=6%)
	15
	60
	125
	250

	3
	Min. Basic Curve Radius (Sup. e=4%)
	40
	125
	250
	400

	4
	Curve Radius use normal crossfall
	100
	200
	500
	1000

	5
	Stopping distance sight
	20
	40
	75
	100

	6
	Non-passing distance sight
	40
	80
	150
	200

	7
	Passing distance sight
	100
	200
	350
	550

	8
	Max. Grade of Ver. Tangent
	9
	8
	7
	6

	9
	Min. Crest Radius
	200
	700
	2500
	4000

	10
	Min. Sag Radius
	100
	450
	1000
	2000


5.2 Sight distance

5.2.1 The driver's sight distance is defined as :

· 1.20m high as accounted from the surface of the right-of-way

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

The obstacle is also stipulated. When it is a non-movable object, it is 0.10m high from the road surface. When there is opposite vehicle, it is 1.20m from the road surface.

5.2.2 Solutions to ensure driver's sight should be sought (removing obstacles, and slopes, etc). In a too difficult situation, it is necessary to have the transportation organized (such as speed limit, guiding board, etc) or ban on vehicle passing.

5.2.3 It is important to check sight distance at the intersections and small radius roads. All the obstacles must be lifted or 0.30m lower than the driver's sight (1.20m as stipulated in article 5.2.1) to say the least. 

5.3 Road's elements on the plan

5.3.1 On the plan, the road compromises curves and straight lines. It has Vtt(60km/h. The straight and the curve ones are linked by a transitional curve ("clothoid" curve).

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

5.3.3 There should be a transitional section of proper length between the round curve to :

· allocate transitional curves, and

· is not smaller than 2V(m) between the two opposite curves. ( V is the calculating velocity km/h)

5.3.4 In the mountainous topography, road with Vtt < 60km/h is not necessary to follow article 5.3.3. However, this transitional section must has proper length to allocate the transition of super elevation elements.

5.4 Curve on the plan (horizontal curve)

5.4.1 5.4.1 The value of the curve's radius should base on the topography and provide favorable conditions for the vehicles. (Table 9)

Only in the difficult situations, can the minimum curve radius be applied. The minimum basic and other curve radius are encouraged to use.

5.4.2 When improving road, in the difficult situation, it is possible to retain the min curve radius of road with one class lower as compared with the design in the old road.

5.5 Widening the curve's right-of-way 

5.5.1 On plan, the two-lane right-of-way in the curves with radius smaller than 250m must be enlarged as stipulated in table 10.

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

Table 10. Widening of 2 -lane-right-of-way of curve on plane

	

Case
	Dis. From rear axle to Front
	Curve Radius

	
	
	250(200
	<200(150
	<150(100
	<100(70
	<70(-50
	<50(30
	<30(25
	<25(20
	<20(15

	1
	5
	0.4
	0.6
	0.8
	1.0
	1.2
	1.4
	1.8
	2.2
	2.5

	2
	8
	0.6
	0.7
	0.9
	1.2
	1.5
	2.0
	-
	-
	-

	3
	5.2-8.8
	0.8
	1.0
	1.5
	2.0
	2.5
	-
	-
	-
	-


Case 1 applied for Design Speed ( 20 Km/h.

Case 1 applied for Design Speed ( 60 Km/h.

Case 1 applied for Container.

5.5.3 The widened section is located at the inner of the curve. When it is difficult, it can be at the outer or at both.

5.5.4 The widened section is totally coincided with the super elevation section and the transitional curve. When these two elements are absent, it is structured as follows:

· Having adequate length to widen 1m on the distance of 10m

· Throughout the widened section, the widening is based on the linear   equation.

· Lying half on the straight line and half on the curve.

5.5.5 The widened section is located in the reinforcement edge's area.

The direction guiding strip (and other sub lanes as bicycle and pedestrian ways, if any) must change their direction to the right hand side of the widening.

When it is necessary, the road pavement should be enlarged to ensure the remaining edge of lane is 0.50m.

5.6 Superelevation and Superelevation section

5.6.1 Super elevation is the single slope of the right-of-way directing to the curve's inner.

The max. Superelevation rate is 6%

The min. Superelevation rate is based on the slope of the road surface and is not smaller than 2%

The Superelevation corresponding to the horizontal curve radius can take the data stipulated in table 11.

Table 11 Superelevation of Curves

	Design Speed (km/h)
	Superelevation (%)
	Normal Crossfall

	
	6
	5
	4
	3
	2
	

	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


5.6.2 The buffer zone in the curve also has same slope with that of the right-of-way.

5.6.3 When there are two vehicle lanes, it is possible to make  two separate Superelevation for each lane.

5.6.4 The length of the Superelevation (Lnsc) is calculated in meter (m) as follows :
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-        B is the width of the right-of-way calculated in meter (m)

· ( is the widening of the right-of-way, in (m)

· isc is the Superelevation rate, calculated in %

· in is the Superelevation runoff, calculated in % :

for roads with Vtt =20km/h to 40km/h, it is 1%

for roads with Vtt >= 60 km/h, it is 0.5%

· Lnsc is not smaller than the transitional curve (if any) and calculated in (m)

5.6.5 Superelevation section 

On the Superelevation section, the double-slope cross section is converted into the Superelevation cross section via two steps, as follows :

Preparation step :

All the parts lying outside the right-of-way  (buffer zone) is elevated so that they have the same slope with the right-of-way.

Performance step : is conducted by two methods :

a) Rotating around the center line to elevate the road on the outer of the curve in order to provide it with the same slope of the right-of-way. Then, rotating the right-of-way and the reinforcement around the center line until the super elevation rate is reached.

b) Rotating the road on the outer of the curve around the center line until the cross section has slope same as with that of the right-of-way (like method a); Then, rotating the cross section around the edge of the inner curve right-of-way until the Superelevation rate is reached.

5.6.6 The Superelevation section is coincided with the transitional curve, if any. Otherwise, it will be half in the straight line and half in the curve.

5.7 Transitional curve

5.7.1 The transitional curve is located on the road with Vtt>= 60km/h

5.7.2 The transitional curve serves as the connection of the straight line to the curve and vice versa. 

The transitional curve is coincided with the super elevation and the widened section of the right-of-way. The length of the transitional curve (Lcht) is not smaller than that of the super elevation section and the widened section. (Lcht is not smaller than 15m). It is calculated in meter, as follows :
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Vtt  is the calculation velocity of the highway class, calculated in (m)

R is the radius on the plan, calculated in (m)

5.7.3 The transitional curve is the "colloid" curve. Its basic equation is as follows :

RcL = A2
Rc is the curve radius of a point in the " colloid" curve, calculated in (m)

L is the length of the circle from the end of the curve to the considered point, (m)

A is the parameter of the curve. This parameter should be well selected :
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A> R/3





R is the curve radius on the plan, calculated in (m)

Lch is the length of the transitional curve, (m)

5.7.4 It is possible to replace the III degree parabola or the multi circle curve for the "colloid" curve in the transitional curve.

5.8 Vertical slope

5.8.1 The vertical slope of the highway is up to its class as stipulated in table 9 

When difficulties are encountered, after the economic justification is made, it is possible to raise 1% slope as compared with the values in table 9.

All the routes at 2,000m altitude have max. slope not more than 8%.

5.8.2 The vertical slope in the excavated bed is not smaller than 0,5%. In the special sections, it is allowed smaller than 0.5 % but the length is not over 50m.

5.8.3 The highway running through the residence zone should has its vertical slope smaller than 3%.

5.8.4 The vertical slope in the tunnel ( apart from the short one) is not over 3% and not smaller 0.3%.

5.8.5 The vertical slope's length is not beyond the provisions in table 12.

Table 12. Max. length of longitudinal slope (m)

	Longitudinal slope rate

%
	Calculating velocity

(speed)

	
	20
	40
	60
	80

	4
	-
	1,500
	1,000
	900

	5
	1,200
	1,000
	800
	700

	6
	1,000
	800
	600
	500

	7
	800
	600
	400
	-

	8
	600
	400
	-
	-

	9
	400
	-
	-
	-


5.8.6 The length of the vertical slope is not smaller than the values in table 13. For the improved or restored roads, the values in the blanket is possibly used.

Table 13 Min. Length of longitudinal slope

	Velocity (km/h)
	80
	60
	40
	20

	Min. length of longitudinal
	200 (150)
	150 (100)
	100 (70)
	60 (50)


5.8.7 In the horizontal curve with radius smaller than 50m, the max. vertical slope is reduced one numerical value as in table 14.

Table 14  Reduction rate in max. longitudinal slope of small radius horizontal curve

	Horizontal curve's radius (m)
	50-35
	35-30
	30-25
	25-20
	=< 20

	Reduction rate in max. longitudinal slope (%)
	1
	1.5
	2.0
	2.5
	3.0


5.9 Vertical curve

5.9.1 When the difference of the vertical slope at the slope transition is over 1% (for road with Vtt from 20km/h to 40km/h, it is 2%) there must be vertical curve.

5.9.2 The numerical value of the vertical curve radius is based on the topography, providing favorable conditions for vehicles and not smaller than the values recognized in table 9.

5.9.3 The vertical curve can be replaced by the round curve or the II degree parabola. 

5.10 Snake curve

5.10.1 The snake curve is used constrainedly.

5.10.2 The technical criteria  for the vehicle turning round place. (in the snake curve).

Table 15 Technical criteria of vehicle turning round in the snake curve

	Technical criteria
	Calculating velocity (km/h)

	
	80
	60
	40 and 20

	Velocity (km/h)
	30
	25
	20

	Min radius on plan (m)
	30
	20
	15

	Superelevation (%)
	6
	6
	6

	Widening of two-lane-right-of-way
	2.5
	2.5
	3.0

	Max. longitudinal slope (%)
	3.5
	4.0
	4.5

	Min transitional section between two curves (m)
	200
	150
	100


5.10.3 When there appear trailers, it is impossible to use curve radius smaller than 25m.

5.11 The combination between highway's elements.

5.11.1 To ensure the vehicle operating safely, smoothly and economically at the desirable speed, the driver should have a good sense of sight to acknowledge the alignment. To this end, all the elements of the highway and the highway itself and the surrounding landscape should be combined harmoniously. The requirements in the article 5.11 must be applied for roads with Vtt>= 60km/h and encouragingly applied for those with Vtt from  20km/h to 40km/h.

5.11.2 Element combination on plan

a) Following long straight lines, the min. horizontal curve radius is not allocated. The curves of min. horizontal curve radius should be protected by the basic horizontal curves.

b) When the turning angle is small, the horizontal curve radius should be followed the stipulation in table 16.

Table 16 Horizontal curve radius selected on the basis of direction changing angle

	Direction changing angle (degree)
	=< 0.5
	1
	2
	3
	4
	5
	6
	8

	Advisedly used horizontal radius
	-
	10,000
	6,000
	4,000
	3,000
	2,000
	1,000
	800


c) There is no short transitional section between curves of the same direction.(under regulations in article 5.3.3). However, a large radius curve should serve as their direct connection when possible.

d) There is no short transitional section either between curves of different direction. When it is possible, there are two solutions :

· Enlarging radius of the two consecutive curves.

· The transitional section should be over 200m.

5.11.3 Combination between horizontal and vertical alignment

· horizontal and vertical alignment should design in same location. Points of intersection have not difference over ¼ length of curve (using the minimum length above).

· The length of horizontal curve should bigger than vertical curve (from 50 to 100m).

· Not design small radius horizontal curve behind crown of vertical curve (crest curve).

· Radius of vertical curve (sag curve) not smaller 1/6 horizontal curve.

5.11.4 Combination between route and  the construction

· Straight roads are encouraged in bridges or tunnels. For roads with Vtt>= 80km/h in bridges or tunnels, the vertical and horizontal curves can be located when necessary to ensure the continuity of the construction. 

· It should not change the slope, alignment in the area of the bridge, tunnel, and 10m covering area at the two ends of the construction.

5.11.5 Combination between the route and its surrounding landscape

· The route should make full use of the surrounding landscape such as : mountains, lakes, bundles of trees and other construction for its beauty.

· In turn, it should contribute its part to the surrounding beauty. It should run in the forest and field boundaries, along with hills and rivers. It is necessary to avoid the terrain cutting. Where there conduct the digging, embanking, etc they should be covered by bushes or trees.

5.11.6 Checking on the combination of the route's elements and its surrounding landscape by the 3-D model is encouraged.

6. Road pavement and water drainage 

6.1 Fundamental specifications for road pavement design

It should be based on the requirement and significance of the route, on the natural conditions at site ( geography, hydrography, construction materials, etc), on the construction technology to design the road pavement with proper density for the coating building. Moreover, it should be durable and economic.

6.2 Road pavement's width

The pavement's width comprises the right-of-way (satisfying the future transportation with required vehicle stream), sub lanes (including lanes for non-motorized vehicle, pedestrian, climbing road, high speed transition, widened section, running-off, etc) and the width of the buffer zone ( look at part 4, cross section).

6.3 Road pavement 's design elevation

6.3.1 will be the center line's elevation of the right-of-way which is used to calculate the median's center line. When there are two separate pavements, there will be two design elevations on the two profiles.

6.3.2 The design height of roads running through the end of small bridges along river banks, and flooded fields must be 0.50m higher than the water level, to say the least (including the height of wave lapping the road slopes and water overflow). 

The flood frequency is calculated as following :

· Vtt>= 80 km/h, frequency is 2%

· Vtt<= 60 km/h, it is 4%

When the Vtt from 20 to 40 km/h, every concrete case is considered. The common frequency is 4% and there should be technical economic justification.

6.3.3 The bottom layer of coating's elevation must be one degree higher than the calculated  underground water (or the frequent water logged) as in table 17.

Table 17 Min. Elevation from underground water level calculated (or water logged) to the coating. (Unit : cm)

	Types of soil for subgrade 
	Flood consecutive days per year

	
	Over 20 days
	Under 20 days

	Dust sand, tiny sand, light loamy sand
	50
	30

	Powder sand, hard loamy sand
	70
	40

	Dust loamy sand
	120-80
	50

	Powder sandy clay, hard sandy clay, rich clay, hard clay
	100-120
	40


6.3.4 The elevation of road surface on the round pipeline must be 0.5m higher than its crest to say the least. When the coating's thickness is more than 0.5m, this difference should be adequate to make coating.

6.4 Soil for subgrade

6.4.1 Land for subgrade comes from soil deposit, borrow ditch or filing material from road excavation.

The borrow ditch must be geometrically designed without detrimental to the surrounding landscape and can be retained after completing the construction.

Soil from natural resources must be experimented. It is must be heaped layer by layer.

These layers are placed alternatively. However, when the water-out layer meets difficulty, the lower layer's surface must have cross fall from 2% to 4% to make water out easier.

6.4.2 When the pavement is heaped by sand, it surface should be protected from erosion. At the same time, it should be ensure that water can get out easily. If it is covered by sticky soil with sticky index of over 17, the coverage thickness is 0.5m at least and there must be backwash filtering layer for water out.

6.4.3 When the pavement has cross fall lower than 20%, it is entitled to abandon the organic soil layer before heaping. When the cross fall is from 20% to 50%, it is necessary to dig in steps before heaping. When the cross fall is more than 50% supporting construction should be built (foot wall and retaining wall, etc) 

6.4.4 Density

The road pavement should reach the standard density rate as stipulated in table 18

Table 18 Standard pavement density (Under TCVN 4201-1995)

	Types of construction
	Elevation from coating bottom downward
	Density k

	
	
	Highway with Vtt >= 40km/h
	Highway with Vtt< 40km/h

	Filled ground
	Coating's thickness is over 60cm
	30
	>=0.98
	>=0.95

	
	Coating's thickness is under 60
	50
	>=0.98
	>=0.95

	
	Under the above mentioned thickness
	
	>=0.95
	>=0.90

	Existing ground and neither filled nor existing ground
	30
	>=0.98
	>=0.95


6.4.5 In the areas with special topographic characters such as soft soil, sand running, weathered limestone (Kaster area), it is important to conduct geographical research and experiment to seek solutions to the pavement stability. What is more, these solutions should be suitable with the road's class, other constructions on road and the local topography.

6.5 Road slope rate

6.5.1 The slope rate of excavated road

On the basis of geographical structure and the height of the slope, the road slope rate can be chosen from table 19.

Table 19 Slope of existing road

	Types of stone and soil
	Elevation of existing ground's slope
	Slope's max. rate

	1.Firm stone 

light weathered stone

high risky weathered stone
	
	

	
	16
	1 : 0.2

	
	16
	1 : 0.5 ( 1 : 1.5

	2. Heavily weathered stone
	6
	1 : 1

	3 Disjointed stone
	6 ( 12
	1 : 1.5

	4. Sandy soil, all kinds of soil at hard, semi hard or densely soft states 
	12
	1 : 1.5


When the excavated bed has several layers of different soil and rocky characters, it should base on each layer to make different slopes. When the elevation of excavated slope is bigger than the values recognized or other categories of rock and land in this table, it is necessary to carry out land experiment for the stability of the excavated slope.

6.5.2 When the slope's structure gets easily eroded, there should be a foot pace of 0.8m at least between the outer edge of the side ditch and the slope's foot. However, there is no need to place this foot pace when there is a protected wall or the slope is lower than 2.0m.

6.5.3 It is up to the filled slope's elevation and filled soil category to define the rate for filled slope, as in table 20.

Table 20 Slope of filled road

	Types of soil and stone
	Elevation of filled slope under 6m
	Elevation from 6m to 12m

	Light weathered stone
	1 ;1 ( 1 : 1.3
	1 : 1.3 ( 1.5

	Macadam stone, gravel stone, grit, gravel sand, big size sand, medium size sand, mining slag
	1 : 1.5
	1: 1.3 ( 1.5

	Tiny and powder sand, clay and mixed sand
	1 : 1.5
	1 : 1.75

	Powder soil, tiny sand
	1 : 1.75
	1 : 1.75


6.5.4 The following cases must have specific design :

· the filled and excavated grounds are not listed in the table 19 and 20.

· river bank's road pavement

· filled ground on the swamp that fail to be well dredged.

· road pavement in the complicated topography such as rockslide, landslide, weathered limestone,  rocky mud stream

· road pavement built by hydraulic or blasting methods

· road pavement built in the areas with the risks of slope slip, landslide, weathered limestone, sand running, etc as the 22TCN 171-87 " Procedures for construction's geographical research and design solutions to pavement stability in the landslide area".

6.5.5 The surface of road slope should be reinforced by methods suitable with the local hydraulic and geographic features for its surface erosion prevention.

6.6 Side ditch

6.6.1 Side ditch is located as follows :

· along with existing ground and filled ground, lower than 0.60m

· in the area of median when making superelevation for each right-of-way.

6.6.2 Side ditch in the common case has trapezium section :

· the bottom's width is smaller than 40cm

· the slope is from 1:1 to 1:1.5

· the ditch's depth must not be over 50cm and ensure that the calculated water level is 20cm lower than its edge that is to say the least.

· the slope rate is based on the design route. When the ditch's slope is different with that of the route, there should make concrete design.

· the ditch's bed should have proper reinforcement.

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

6.6.4 Side ditch in tunnels should have big outlet capacity so that the dangerous liquids can run out easily when accidents happened.

6.7 Cut-off ditch

6.7.1 In mountainous area, cut-off ditch must be designed for any cut ground of 6m depth or more, excepting the case where the road goes through a stone area.

In case of a large basin, it is possible to design several ranges of cut-off ditches.  The minimum distance from the run-off ditch to the edge of the cut slope should be 5m.

Minimum width of the run-off ditch should be 0.5m, ditch crossfall is 1:1.5, ditch depth can be based on actual calculation but not more than 1.50m.

Longitudinal gradient of the run-off ditch should be well matched with specific topography, but not less than 0.5%.  Bottom and the crossfall of the run-off ditch which is next to the road must be built / paved against water permeation to the road.

6.7.2 Excavated material from the cut-off ditch should be utilized to build a dyke along the lower cross fall so that water can be drained into the ditch.

6.8 Ditch outlet

Ditch outlets should assure a sufficient drainage capacity to avoid erosion.

Normal outlets are steps or simple slopes located at upstream or downstream of cross drainage facilities.

6.9 Frequency of ditch discharge calculation

Frequency of calculation on discharge of side ditch and run-off ditch is 4%.

Designed discharge is calculated based on the existing regulations.

7. Pavement Structure

7.1 General regulations.

Pavement Structure must be found in all road lanes, both for auto vehicles and other means of transportation, in speed transition lanes, gradient avoidance lanes, marginal reinforcement and the service land of roads of all levels.

It should be based on the density of transportation, types of vehicles, characteristic of the construction utilization, construction materials, natural conditions and existing procedures to design proper coating. Coating must satisfies the following conditions such as : magnitude of force, durability, and other characteristics of its surface ( roughness, smoothness, drainage and sanitary) to well serve transportation, economy and help protect environment.

7.2 Standard load.

Standard load can be understood as the vehicle axis of 10,000 daN, 6,0daN/cm2 pressure and weighing on the tracing area of 33 cm diameter.

7.3 Pavement Structure Grade

In accordance with TCN 211-93 “ Flexible Pavement Design Standard”

7.4 Pavement Structure.

Pavement Structure comprises :

· Surface level shoulders vehicle direct weight.

· Foundation level is designed to hold the vehicle weight to the road.

These levels are divided into several planes. The outer planes must be durable, properly flat, rough with the ability to cope with plastic deformation, cracking at high temperature, erosion, dust and hazard. 

For lower planes, construction materials should be fully made use at the construction site after its pilot use and approved by the relevant authorities.

 For the roads of lower requirement, their coating including one or more than one planes can serve several functions.

7.5 Principles for Coating Design.

 The principles to design the coating for auto vehicle roads must be in line with the 22 TCN 211-93 “Flexible Pavement Design Standard” and the 22 TCN 223-95 “Rigid Pavement Design Standard”.

7.6 Cross fall

The cross fall index of the coating is obtainable from the construction materials of the surface plane, which is provided in the table 8 and not smaller than 2%.

At the connections of the super elevation and transportation links where the slope index is inevitably smaller than 2 %,  they should be fully shortened.

7.7 Roughness and flatness 

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

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

7.7.2 Slippery signal should be located at the place where standard roughness is not satisfied.

7.7.3 Flatness is measure with 3m long ruler.  Measuring method is as regulated in the Standard 22 TCN 16 - 79 "Process of road surface flatness determination"/

For cement or asphalt concrete road surfaces, 70% of the joints should be less than 3mm and the remaining 30% of the joints should be less than 5mm.  For black macadam or black gravel road surfaces, 100% of the joints should be less than 5mm.  For other types of road surfaces, all joints should be less than 10mm.

For the road designed for the speed of 80km/h, other instruments such as viagraph can be used but should be checked by 3m long ruler and specifications of the producer. 

7.8 Pavement structure on bridge

There must be a special design for road surface on bridge and viaduct, the optimum solution is to design the same surface layer as the surface of the next road.  Connection joints between roads and bridge spans should be appropriately designed to ensure smooth and safe traffic of vehicles.         
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