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                  THE SOCIALIST REPUBLIC OF VIETNAM

QCVN 11: 2008/MONRE




            National technical regulation on establishment of leveling network




FOREWORD

National Engineering Code on the leveling network establishment QCVN 11:2008/BTNMT prepared by Department of Survey and Mapping Vietnam, approved by Department of Science and Technology, promulgated by Ministry of Natural Resources and Environment in compliance with the Decision No. 11 /2008/QĐ-BTNMT dated December 18, 2008. This code is prepared on the basic of reviewing and converting the Branch Standard” The State leveling network establishment code, level 1, 2,3 and 4” which promulgated by  Department of Survey and Mapping Vietnam in compliance with the Decision No. 112/KT dated  May15, 1989. This code is replaced for the standard mentioned above. 
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National technical Code on establishment 
of leveling network

SECTION I.
GENERAL REQUIREMENT
1. Adjusted Scope

This code specifies the technical requirements in the establishment the National leveling network, class I, II, III and IV; which is the legal basis for the management, appraisal and approval for the projects, economic and technical facts, technical design of leveling network establishment
2. Applicable objects 
The state Management Offices on Survey and Mapping, organizations and Individuals related to the National Leveling Network establishment shall comply the regulations of this Technical Code.
3. Term explanation:
In this technical code, words, and phrases below are understood as follows: 
National leveling network: is the control net on leveling unified in the whole country.
Geometric leveling method: is the differential leveling method between 2 points by a horizontal shot of the level instrument
Standard level “0”: is the average sea level from the observation in many years at the initial tidal testing station.
Standard leveling: standard leveling of a point is the distance by plumb line direction calculation (earth gravity flux line) from that point to Kvazigeoid side.
Basic Benchmark: is the leveling benchmark with special design, high stability embedded at the important locations or buried by the specified distance on the level line.
Normal benchmark: is the leveling benchmark designed by the normal regulations. Benchmark is buried at the distance from 3 to 6 km as of the topographical conditions on level lines of class 1 I, II, III and IV.
Intersection: is the intersection of at least 3 level lines with the same class.
Bearing Point: is the leveling point at high- level line or the existing same class to which the beginning or ending points of level line is connected.
Misclosure: is the difference between the surveyed values after being adjusted from the original leveling value


SECTION II: TECHNICAL REGULATIONS
1. General technical regulations on National leveling network
1.1. National leveling network is the net to control the leveling unified in the whole country, which is measured by the geometric leveling method. This method is the base to determine the leveling for the social, economic, national defense development demand and science study in Vietnam. 

1.2. National leveling network is established by the order of class I, II to III,

IV.

1.3. National Leveling network of class I, II is the base to develop and controls the leveling network of class III, IV. Leveling network of class III, IV directly serve for the different purposes.
1.4. National leveling network takes average sea level observed for many years at the tidal testing station of Hòn Dấu (Đồ Sơn, Hải Phòng) as a standard level “0” for leveling. Leveling in the national leveling network is calculated by the standard leveling system. 

1.5. Leveling network of class I includes level line of class I–connected together. Leveling network of  class II includes level line of class II connected together or level line of class and level line of class II connect together into closed loop

Class I and class II are arranged along the main traffic roads. For the areas difficult to access, level lines are arranged along the stable earth road or along the big riverine. 

1.6. Survey cycle repeats in all classes I, II from 20 years to 25 years; in case of the direct affects on network by geotectonic activities, the duration of repeated survey cycle can be shortened. 

1.7. Leveling network of class III and class IV are developed from classes I and II and designed into the single line and closed loop. For the difficult terrains, level line of class III, IV is designed into the hanging level line (unclosed with the high level lines). 
The total length of level lines (by km) doesn’t shall be longer than regulation indicated in the Table 1.
Table 1: The maximum length of level line by class
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	Midland and mountain area
	
	

	
	
	
	
	
	
	
	

	
	II
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	IV
	II
	
	III
	
	IV
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Bearing points with bearing points 
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	65 - 70
	16 - 20
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	Bearing points with junction points 
	150
	
	40 - 45
	9 - 15
	-
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	75
	

	Junction points and junction points 
	110
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	-
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1.9. Level line – class I is established with the most accurate leveling by the best equipment and technology at that time. The level line of class I is measured double run leveling by 2 lines of leveling rod (for the electronic technical leveling instrument, 1 line of leveling rod is measured) and ensure That random root mean square error of the average leveling which is measured double run leveling per 1 km is not over 0, 50 mm (for the electronic technical leveling instrument of 0,40 mm), systematic root mean square error is not over 0,05 mm.
1.10. Level lines of class II is measured double run leveling by a rod and ensure that the random root mean square error of the average leveling which is surveyed double run leveling per 1 km is not over than 1,00 mm, the systematic root mean square error is not over 0,15 mm. Calculation for the random root mean square error and systematic error is stipulated in the appendix 2.
1.11. Level line of class III is measured double run leveling by a rod line. Level line of class IV only measures one direction by one rod line. For the hanging level line of class IV, It requires the observation by one of these methods below
a) Double run leveling measurement  
b) Measuring one direction by 2 rod lines
1.12  Line and loop misclosure of each level line is not higher the one specified in the table 2 below (unit calculated is in mm). 
Table 2: Regulations of Line and loop misclosure margin by class 
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1.13. On calculation of the differential leveling surveyed between leveling mark of class I, II and class III in the mountainous areas, coal-mining area, it required putting the corrected number of rod length, temperature into the survey result and converting into the standard leveling system. 
On converting to the standard leveling system, the corrected number δch shall be added with the surveyed differential leveling before calculating the misclosure. In case that the gravitation data is not enough to convert into the standard leveling system, the surveyed differential leveling is adjusted into an approximate leveling system (δch)gđ.
1.14. On measuring the leveling traverse, depending on the accuracy requirement of the leveling traversal point to decide the observation class. In case of the difficulty of the terrain, the branched- off measurement is allowed. Branched off leveling shall starts from the higher class point. The length of branch road is not over 50 km.
1.15. On the level line of classes, the monumentation shall be done or attaching the long lasting marker to remain the leveling. Distinguish 2 types of leveling marks: basic mark (mark attached with 2 monument marks) and normal mark (attached with 1 monument mark). The distance between 2 marks is called the segment, some segments become a section. 
1.16. Long lasting leveling mark consists of 2 types: 
a) Type “basic mark” has the type of being buried and type of being attached into the hidden rock bed. For each distance of the basic mark of about 50 - 150 m, it requires a normal monumentation.
b) Type of “normal mark” consists of the type of being buried, of type being attached into the hidden rock bed, and of types of being attached into the wall base of the high-rise building, bridge foundation or the solid architecture objects.
1.17. The distance of basic marks buried is about 50 - 60 km on the level line I, II and the intersections, near the tidal testing station, the hydrographical stations of rivers and big lakes, the big constructions. 
1.18. On level lines of classes ( including the branching road), the distance of monumentation is usually about 3 - 5 km in the delta and about 4 - 6 km in the mountainous areas. In the difficult areas, the distance of the 2 marks is extended to 8 km. In the city or in the big constructions, the distance can be shortened to get proper. 
1.19. Name of the level line includes the name of class (written in Roman Number) , next is name of the location of the first mark and the final mark of the level line in priority orders of administrative place-name and doesn’t coincide with the existing road’s name. 
1.20. Name of leveling point consists of 3 parts: Name of Classes written in Roman numeral next is the abbreviation of the Road in Capital letter put in the brackets and finally is name of point orders written in Arabic Numeric. 
1.21. Leveling benchmark of classes shall prepare the notes of points according to the regulation indicated in the appendix 4. 
Instrument, leveling rod is used for differential leveling survey and Gio-ne-vo Measuring tape shall be tested. If the technical requirement of surveying level line is satisfied, it will be put into production. The testing result shall be recorded in the instrument recording, certification of measuring tape and leveling rod.
2. Leveling network design
2.1. On designing the leveling network, it requires the compliance with technical requirements specified in this standard.
2.2 Procedure to design the leveling network is divided into 3 steps:

Preliminary design: Collect the existing materials on leveling, hydrometeorology, soil, population, waterway and road  etc …Basing on the analysis, assessment on the collected materials, developing the preliminary design for network;
· Field survey; 
· Official design
2.3 Content of the technical detail design consists of 2 main sections:
- 	Section of technical design
- 	Section of cost estimates
2.4 Leveling network of class I, II is in overall designed on the map with the scale of 1/500.000 or 1/200.000, technical design on the map with the scale of 1/100.000 or 1/50.000. Leveling network of classes III, IV the technical design on the map with 1/50.000. 
Select the best line to design leveling network of class I on the whole areas. Basically, leveling network of class II shall be established separately for each area and shall base on class I to form the loops.
Base on leveling network of classes I, II and level line of classes III, IV has developed the design for the level line of classes III, IV.
2.5. On designing the level line, it requires to use the signs to indicate the bearing points, the basic leveling point, and the normal leveling point. It requires drawing the existing level line of area on the designed map.
2.6. The level lines designed on the map shall satisfy the following conditions: 

- Road obtained the minimum slope to reach the minimum number of survey stations 
- Road easily to move to facilitate for the observation and transportation. 
2.7. The starting and ending points of the level line shall be connected into the existing leveling points (named as the bearing point) which is higher or the same class. For the level lines of class I, if they are connected together, they are required connecting into the basic benchmarks and checking 1 or 2 sections nearby. The level lines of class I need to form into loops. The level lines of class II also form into loops together or into loops with the level lines of class I. The level lines of classes III, IV shall form into loops and bear on the the points of classes I, II. 
2.8. Bearing points and intersections of level lines of classes shall be outlined according to the regulation in the appendix 7. 
2.9. When reproducing, it requires the investigation, and survey. It is not allowed to change the design by the own initiative. For the existing leveling marks, if their quality still meets new requirement of the designed class, they can be used as new leveling marks and the observation is developed normally. 
3. Survey, select points on the level line 
3.1. Base on the preliminary design, developing the field survey in overall assess and complete the designed leveling network. 
3.2. In the case of using the existing level lines, it requires to check the re-usability of those benchmarks. Check the location of points, monumentation’s quality whether is proper with that class or not. If they can meet the requirement, recording the notes of points, and marking the location of points on the map. 

3.3. Before reproducing the leveling network by the cycle, it requires the survey and assessment on the existing of all existing leveling benchmarks, preparation for a plan, recovery and restoration for the leveling benchmarks. 
3.4. It is not considered the unfound benchmark as the lost ones. The lost benchmarks shall be prepared the minutes with specific reasons. 
3.5. During the survey, it requires a full material collection on social and natural conditions, on the construction areas( temperatures, number of sunny and rainy days, time of rainy season, time of dry season, monsoon situation, soil condition, underground water level, construction materials, transport means, security , medical care, …etc) to decide the efficient construction method. 

3.6. On surveying the road over the obstacles, it requires the technical report and intention of the measurement alternative. 

3.7. On selection of the measured lines, it requires satisfying two conditions indicated in the item 2.6, also it requires avoiding the level line out of the loose and swamp areas, sandbank, big river, lakes, ponds, ravine, and other obstacles. 

3.8. Locations of the monumentaion shall be stable, long lasting and firm foundation, convenient for the observation. 
It is not allowed to establish the leveling benchmark where the soil foundation is unstable (easy to get flooded, the ground water level is too high, soil fell, landslide, or near graveyard, river bank, alluvial flat), in the road landmark, places where plans for the construction and exploitation, where the lime is eroded by water, on the infirmed architecture objects.
3.10. After selecting the location for the monumentation, it requires driving stakes presented name of survey road, number, ( if they are marks which are attached into the architecture objects, using paint to mark the benchmark location) and writing a full content in the notes of point.. 
3.11. Deliverables includes: 
· Notes of point of all marks; 
· Network map of level lines; 
· Technical Report indicates: 
· Changes against the preliminary design (minutes attached ); 
· Attentions on monumentation and observation. 
4. Benchmark and fencing wall
4.1. On the level lines, it requires the monumentation at the selected locations. If the selected locations don’t meet the technical requirement, before the stake is buried, re- selecting and re-drawing the notes of points, map of level lines and other relevant documents. The establishment of the leveling benchmarks of class I, II is carried out after completing the selection for level lines.

4.2. The basic benchmark is a monumentation which is attached 2 marks, made of reinforced concrete consisting of frustum of a pyramid post built-in the bottom base, see the specification in Figure 1.

In the place where the solid rock bed located below the ground from 0,4 – 1,0 m , that rock bed is taken advantage as the basic benchmark, see the specification in the Figure 2

4.3.Normal benchmark is the monumentation which is attached a mark, made of concrete, the specification is indicated in the Figure 3 of the Appendix 1 or can attach the normal benchmark into rock where the rock bed is solid, the specification is as indicated in the Figure 4 of appendix 1, or into the firm architecture constructions such as wall base of high-rise building, concrete foundation of bridge, blockhouse or vertical cliff etc…, specifications is indicated as Figure 6 at appendix 1; In the soft soil area, alluvial soil, humus soil, drift sand….use the normal benchmark of the soft soil area, specifications is indicated as Figure b5 at appendix 1. 

Types of benchmark on the existing level lines can reuse those benchmarks if they are considered to be firm and meet the quality so as to replace for the normal benchmarks.
4.4. The markers have 3 types: porcelain marker is used to attach onto the normal benchmark or on the upper side of the basic benchmark base, the specification is indicated in the Figure 7 at the Appendix 1. Metal markers attach onto the middle on the basic face of the benchmark, the specification is indicated as Figure 6 at the Appendix 1. Marker shall be attached onto the firm architecture construction, the specifications is indicated as Figure 6 at Appendix 1.
4.5. All types of the long-lasting benchmarks (other than benchmarks attached onto the architecture objects unable to construct the fencing wall) shall include the cover, the specification is indicated as Figure 9 and the specification of the protected fencing wall is indicated as Figure 11, 12. As for the basic benchmarks, they are included the signal panel or signal rocker layer if they are constructed on the hidden rock bed, the specification is indicated as Figure 2. 
4.6. Concrete is used to construct the leveling benchmark which shall meet the Grade of M25 (39 TCVN 6025 1995). 

QCVN 11: 2008/MONRE

4.7. Concrete benchmarks, signal panel, cover and fencing wall shall  pour concrete into the rough mould (wood die) or steel mould or iron sheet mould, when pouring, it shall be compacted each layer to prevent from void ( cavity).  In the middle of the upper side of truncated pyramid attached the marker, using the type form set and number to rehabilitate the benchmark surface and surface of the fencing wall , the specification is as  Figure 11, 12, 13. If they are the basic benchmarks, the lower base attaches a porcelain marker in the middle of the sides in the North.
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After pouring the concrete for benchmark, for fencing wall, they shall be watered 2- 3 times, and carried out again on removing the mold. On burying the benchmark in the alkaline field areas, salt water areas, tar shall be coated outside of the benchmark to prevent from corrosion. 

4.8. As for the normal benchmark, the duration from pouring concrete till removing the mold is at least 24 hours and as for basic benchmark is at least 48 hours. 
4.9. As for the basic and the normal benchmarks on the level line of class I, II the observation permission duration shall spend a raining season, the normal benchmark on the level line of class III, IV is after 15 days and the marks are attached into the firm constructions after 48 hours. 
4.10. Before the benchmark installation is carried out, the procedure on land using or construction using where to place the benchmark shall be handled so as to ensure the land saving and permanent using. After completion of the marker installation, the handing over minutes shall be prepared with which location map and benchmark status at the field to the People’s Committee of Wards and Town with the present of the Land owner or the construction owner where to place the marker according to the appendix 5.

5. Technical Requirement of differential leveling of class I

5.1. Instrument and leveling rod 

5.1.1. To measure the differential leveling of class I, using the optical and mechanical leveling instrument with invar rod, electronic technical leveling instrument with bar coded staff set and shall satisfy the requirement the condition of random root mean square error of the double- run average differential leveling over 1 km required not be exceeded 0,50 mm; on using the optical and mechanical leveling instrument (rigidly staff bubble tube) and the instruments with the relevant accuracy shall meet the following requirements: 

- Magnifying factor of sighting telescope from 40 times and over (electronic technical leveling from 30 times and over).

- Rod intercept value on the surface of rigidly staff bubble tube shall not be exceeded 12”/2 mm, the image of the horizontal bubble tube shall be seen in the lens. 

- Graduated staff value of the measuring set is infinitesimal 0,05 mm and 0,10 mm.

5.1.2. On using the new generation leveling instrument different from the type specified, the instrument shall be tested and certified by the Department of Surveying and Mapping before it is put into used. 


5.1.3. Differential leveling of Class I by optical and mechanical instrument, using long inva rod of 3 m obtained the graduated staff of main range and subrange in sync with the instrument. Rod intercept error of 1 m of the range is not over 0, 10 mm, as for the leveling rod to measure in the mountainous area, this error is not over 0,05 mm. As for the electronic leveling instrument to use the line cod leveling rod set checked by each dm, from 5th dm to 25th dm of the standard checking area. Attaching the staff bubble tube on the rod, the value of the rod intercept is from 10” - 
12”/2 mm. installing the rod on the steel stake driven to the ground with the suitable depth. The structure and quality of the steel stake shall meet the height stability during the differential leveling measurement 
5.1.4. Before and after the production, the rod testing shall be carryout out, equation of Geneve measuring tape shall be defined on the MK1 instrument. This equation shall determine the length of the measuring tape with the error is less than 0, 01 mm. At the temperature of 20°C, the length of Geneve measuring tape is not exceeded the limitation of (1000 ± 0, 05) mm. 
On measuring the differential leveling of class I, air temperature shall be measured by thermometer with the rod intercept value which is not greater than 0,2°C. At each instrument station, once reading the air temperature equal to the instrument area is required.
5.2. Checking and testing of leveling instrument:
5.2.1. Before surveying the leveling of class I, the instrument shall be tested the following contents: 

· Inspect the instrument 

· Inspect and calibrate the foot screw; 

· Check the lightness of the instrument to rotate the vertical shaft. 

· Inspect and calibrate the circular bubble staff tube; 

· Inspect and calibrate the location of the cross hairs. Items from 1- 5 (according to the regulation at the appendix 8); 
· Inspect and calibrate interactive locations between the observing axis and axis of the rigidly staff bubble tube ( according to the regulation at the appendix 9); 
- Inspect the optical function of the sighting telescope (according to the regulation at the appendix 10);

- Testing the rod intercept value of rigidly bubble tube, determining the coincidence root mean square error of the images of two end of water level (according to the regulation at the appendix 11);

- Testing the mechanical operation of the micro-instrument and determining its graduated staff value (according to the regulation at appendix 12);

· Testing the accuracy of collimating axis on focus calibration (according to the regulation at appendix 13); 
· Determine the distance measurement factor and asymmetric of the cross hair (according to the regulation at the appendix 14); 
- Determine the magnification factor of the sighting telescope (according to the regulation at appendix 15);

- Testing the working of the titling screw and determining the rod intercept value (according to the regulation at appendix 16);

· For new technology leveling instrument, besides the above requirements, it requires the compliance to the testing procedure, testing the equipments by the manufacturer’s instructions. Checking the instrument (according to the regulation at the appendix 17). 

5.2.2. Prior to and in the time of production, the survey and observing man shall check the following items (see the appendix 8, 9, 11, 12, 13, 16):

a) Prior to the production, it requires checking and testing the followings 

· Check the instrument; 

· Check and calibrate the circular staff bubble tube; 

· Check and calibrate the locations of the rigidly staff bubble tubes; 

· Determine the rod intercept value on the rigidly bubble tuble and the coincidence root mean square error of the two ends’ image of staff bubble by rod; 
· Determine the rod intercept value and numbering collar of the micro measuring sets by leveling rod on the different distances; 
· Check the accuracy of the collimating axis on the focus adjustment; 

· Check the working of the titling screw by leveling rod, if the Viewer directly checks the entirely instrument, this item is not required to check. 
b) During the production, it is required to check and test:
- Check and calibrate the circular bubble tube (daily before observation);
Check and calibrate the locations to place the rigidly bubble tube (check the angle i) 1 time/ each day in different sessions, if the stability is shown in the first week, do the checking each 10- 15 days. After the checking, if the angle i is found to fluctuate over 12”, the calibration shall be carried out to keep surveying and shall be noted into:” the importance” to handle later on. Before and after finishing a line, after each time calibrating the angle i , cross hairs, after each long transport or the sudden temperature changes, this item shall be checked.;

· Determine the rod intercept value of the numbering collar of the micro instruments by leveling rod on the different distances, before and after the production and each 2 months; 
Check the working of the leveling screw (by leveling rod) each one month.
5.3. Checking and testing the leveling rod 

5.3.1. Check and test in overall the rod for the differential leveling- class I consists of the following items:

a) Check in overall outside and invar chain; 

b) Check the tension of the inva chain (use the highly accurate dynamometer to check before the rod is put into test). The invar chain tension comparing with the standard tension shall be less than 1/20, if it is more than 1/ 20 , it requires to re-adjust the corrected screw or replaced by the spring; 

c) To obtain the data to adjust the rod, before and after the production, the real length of the 1 meter graduated staff on the main range and sub range of inva rod by MK1 shall be determined. Difference between the tested length and theoretical length is not over 0,10 mm. In the production, and each 2 months, testing the rod shall be done by Geneve measuring tape, if the temperature changes suddenly, this item shall be checked. If the difference between the 2 testing results by Geneve measuring tape and MK1 instruments is over 0,1 mm, it requires the checking for 2 times more, if the value is still over, the leveling rod is tested on the MK1 instrument according the regulation at the appendix 18; 

d) Determine the rod intercept error in dm on the main graduated staff and sub-graduated staff, this error shall not be over 0,15 mm (according to the regulation at appendix 19); 

e) Test the bottom side of the leveling rod (according to the regulation at appendix 20) whether it coincides with the collar “0” of the main graduation or not, and perpendicular with the vertical shaft of the leveling rod or not (testing 1 time before the production). 
f) Determine the difference of the collar “0” of the pair of leveling rod , the difference of the main range and the sub-range of each leveling rod ( according to the regulation at the appendix 21);

g) Testing the rigidly bubble tube on the rod (daily testing before the measurement, according to the regulation at appendix 22);

h) Determine the deflection of the invar chain, if the deflection f is greater than 4 mm, another rod shall be changed or the length of the leveling rod shall be improved. Before, after the measurement and it shall be checked for each 2 months in the production, if suspected of the deflection of invar chain, it shall be re- checked. 
(according to the regulation at appendix 23).

i) For the bar code staff (fiber glass), the rod shall be checked the distance of each dm, from 5th dm to 25th dm at the standard checking area after each production. The differential leveling of each dm shall be compared with the standard differential leveling which is not greater than ± 0.3mm.

5.3.2. Document of instrument test and of the rod shall be bind into a volume ( a separated instrument, each pair of leveling rod attached with a volume) and put into the measuring abstract.

5.4. The differential leveling of class I

5.4.1. Differential leveling of class I shall be double run leveled by 2 rows of stakes for setting up the leveling rod. 
(For the electronic leveling instruments, measuring in 1 leveling rod line). The right line forms into the right line, the left line forms into the left line by the measuring direction. Read the number on the instrument by method of coincided staff bubble’s two ends. 
Sequence of leveling instrument station is as follows:
For the odd station:

	The right lines
	the left line

	1. Read the number on the leveling rod of the back sight

	The steps of 5, 6, 7, 8, the operation is similar to the steps 1, 2, 3, 4 of the right lines.


	2. Read the number on the foresight 

	

	3. Read the number on the sub- leveling rod of foresight 

	

	4. Read the number on the sub-leveling rod of back sight

	

	
For the electronic leveling instrument

	

	1. Read number for the first time on the bar- coded staff of the back sight. 

	

	2. Read number for the first time on the bar coded staff of the foresight

	

	
3. Read number for the 2nd time on the bar coded staff of the foresight

	

	4. Read number for the 2nd time on the bar coded staff of the back sight

	






For the even station: 
	The right lines
	the left line

	1. Read number on the main range of the back sight 

	The steps of 5, 6, 7, 8, the operation is similar to the steps 1, 2, 3, 4 of the right lines.


	2. Read number on the main range of the back sight 

	

	3. Read the number of the sub-range of the back sight. 

	

	4. Read number on the sub- range of the foresight. 

	

	
For the electronic leveling instrument

	

	1. Read number for the first time on the bar coded staff of the back sight 

	

	2. Read number for the first time on the bar coded staff of the foresight 

	

	3. Read number for the 2nd time on the bar- coded staff of the foresight 

	

	4. Read the number for 2nd time on the bar- coded staff of the back sight. 

	



On the return run leveling, the orders to read the number in the odd station is similar to the even station on the outward run leveling and even station is similar to the odd station of the outward run leveling.

5.4.3. Order of the operations at each instrument station:

a) Place instrument, carefully balance the bubble tube, and balance the instrument then. 

b) Direct the sighting telescope of the leveling staff required the observation: 

Place reading number in the infinitesimal measuring set by 50, turn the titling screw to get the coincided images of the two ends of the bubble tube , read the distance measurement by upper and lower indicator ( on using WILD N3, distance constant shall be improved by the correction data of the instrument);
c) Turn the titling screw to get the coincided images of the two ends of the bubble tube, turn the rod intercept at the minimum value to obtain the wedge clamp indicator accurately with the nearest scale mark of the main range, read the readings on the level line and on the micrometer; 
d) Direct the collimator to the main range of the other same lined- leveling rod, repeated the operations like item b and c; 
e) Use horizontal screw to direct the collimator to the sub-range of the leveling rod at item d, turn the screw of ¼ round so as that the image of the 2 ends of the bubble tube is coincided, reading the number on the sub- range and micrometer; 

f) Direct the collimator to the sub- range of the first target leveling rod and follow the operations as item c;

g) Move the leveling rod to two steel stakes of the left right and orderly move from item b to item g;

Shall wait for the coincidence and completed stability of the two ends of the bubble level, clamp the graduating mark and reading. To avoid the systematic error, it is not allowed to read the number on rod earlier than ½ minutes after the vertical leveling rod installation.

During the time of moving the station, back sight is moved to be the foresight of the latter- station, foresight is not to move but shall move out of the stake of the support of rod;

The reading results shall be recorded into the notebook according to the regulation at the appendix 24.

5.4.4. Level line of class I is divided into many segments, each segment lasts from 20 - 30 km included many sections. In the special case, the length may be increased, but when the error of the double run leveling of the sections obtained the same sign (negative or positive) is found, the length of segment may be decreased so as to be proper.

5.4.5. Double run leveling in each segment shall be surveyed by 8th lock, it means that the first half of the segment is surveyed by the outward run leveling direction and the remaining half of the segment is surveyed by the return run leveling direction 
5.4.6 The double run leveling in the same segment shall be surveyed by the same person, the same instrument, the same leveling rod, the same stake (or nail) and shall survey in the same line
5.4.7 The number of stations in 1 section shall be even numbers; the number of double run leveling stations shall be equal. On passing the mountain pass, gravel stone road, the forth and back leveling difference is from 2 stations to 4 stations. The number of station shall be ordered from 1 to the end of the surveyed length in each section.
5.4.8 On moving from the outward run leveling to return run leveling, it requires according to following regulations: 
· Place and re- weigh the instrument; 
· Leveling rod A and B exchange the room to gather. 
5.4.9 The double run leveling in each section shall carry out in two different sessions of each day. This requirement doesn’t force to collimate in the continuously shadow days or the outside temperature has a little change. 
5.4.10 The standard length of the line of sight is 50 m. In the special case such as the big slope road, survey into the benchmark, when the systematic error is clear the length of line of sight can be shorten 5 m. 

5.4.11 The height of the line of sight is against the ground surface (the obstacle objects) is not less than 0,8 m. In the special case, when the length of the line of sight is below 25 m, the height of the line of sight is not less than 0,5 m. It is not allowed to drive the stake, set up the leveling rod in the ponds or in the ditch to increase the height of the line of sight. The height of the line of sight does not specify when the leveling rod places on the mark sign.
5.4.12. Only observe when the vision is thoroughly, the graduated staff on the leveling rod shall be stable and clear. The specified starting time for leveling is after 1 hour sunrise and before 30 minutes sunset. It is not allowed to do the observation in the following conditions: 

a) Within 1and ½ hour before and after the midday ( 12 o’clock), the break lunch can be shorter than or lasted depending on the weather, climate of each area, and each season; 
b) When the image is moved, it is difficult to have an accurate clamp of the wedge- shaped indicator () in to the graduated staff on the leveling rod; 

c) When the temperature changes fast and suddenly; 

d) When the windy force is from the level 4 and over (sees the table 6). 

5.4.13. To avoid the sudden increase and decrease of the outside temperature affecting on the observation quality, it requires carrying out the following solution:

a) The instrument shall take out of the box and leave in the shadow places before 30 minutes leveling; 

b) The instrument shall be protected in umbrella on observation; 

c) On moving the station, it requires being covered by white thick, large haversack and the instrument shall be kept vertically. 
5.4.14. Use the measuring tape to measure the distance from the instrument to leveling rod, then re- determines the distance by on-use instrument. The distance difference from instrument to 2 leveling rods in each station is not over 0,5 m. The total distance difference of 1 section is not over 1 m.
Instrument stand placed on the stations shall not be contacted with the surrounding objects. It is prohibited to strongly press the tripods on the ground, two feet of the tripod are parallel with the direction of instrument, the other feet respectively placed in the right side and the left side of the direction of travel, three feet placed beveled, tripod tip is set out on the same soil quality.
The sequence to place the instrument tripod is as follows:
[image: ]Direction of travel 

5.4.16. Rod targets of the right line and the left line are driven on the firm soil with the distance of over ½ meter, also are driven on the differently low and high areas, before driving the stakes, all grass and loose soil shall remove at that place.

On the solid rock road section, use the long steel pile from 10-20 cm, diameter from 2-3 cm, circular thumb tack on the stake top. When leveling on the soft soil road, wooden stake of 10x10x40 cm is driven a roof nail in the middle. On return run leveling, try to drive more stakes deeper so that the differential leveling of the same station of the outward run leveling is different from the return run leveling

On measurement along the bituminous road, using the nails with 3-8 cm long and its diameter from 0,5- 0,7 cm, with half ball conoid of 1 cm diameter. The nails are driven on the road so as that the underside of the ball conoid both contacts the bituminous road surface. Where the road is too solid, use the leveling rod support with 6 kg weigh

5.4.17. For leveling of class I, 4 – 5 pairs of stakes, in advanced drive 1- 2 pairs of stakes and keep 1 driven pair of stakes in the early station.
On taking a rest, it shall finish the observation on the fixed leveling mark, if not, prior to taking a rest, the wooden stake shall be deepened with the circular roof nail or 6 steel stakes of the final stations (before, in the middle and after) into the pond of 0,3 m and the leveling on 6 stakes ( 2 stations) is carried out as same as the leveling method of other stations. After finishing the leveling, cover the grass on the stake and back fill the soil for safety. On keep leveling, it shall reproduce 4 rod targets of the final stations, if the leveling result comparing with the old one doesn’t vary over 0,7 mm, keep measuring at that station. In case that the difference is over 0,7 mm, testing the station first and also comparing with the above error, if it is accepted, measuring from the two middle stakes, but if the error is still over, comparing the total differential leveling of the two first station with the two stations after rest, if the error is not over 0,7 mm, keep measuring from the two first stakes ( or two latter stakes), but if the error is over, it requires the re- measurement from the station of the previous rest or from the first benchmark of this section. These rest stakes are only valuable within 15 days. In the level book shall outline the locations of the rod target, numbering the leveling rod on those targets (before and after rest) and recording the observation conditions.
5.4.18. On each station, it requires the calculation and testing for the following items: 

a) Checking as Item 5.4.10 and 5.4.11; 

b) The difference of the reading denoting between the main range and the average reading of the upper and lower indicator of the same staff leveling shall be less than 5 mm; 
c) The difference between the reading of the main range which added the constant K into the reading of the sub- range is not over 0,5 mm; 
d) The difference of the differential leveling which is calculated by the main rang and sub- range of each line is not over 0,5 mm; 
e) The difference of the differential leveling which is calculated by the main rang and sub- range between the two rod targets of the former and the latter stations is not over 0,7 mm; it the difference exceeds the above limit. It requires changing the height that the instrument reproduces at that station, but if the difference still exceeds the limit, the leveling in the former station shall require. 

5.4.20. The difference of the right line and left side of the same direction of each section doesn’t exceed [image: ]±2 L   mm in case that the average number of station on 1 km is not more than 15 (case1) and ±3 L mm in case that the average number of station on 1 km is more than 1 km, greater than 15 for the difficult terrain area, high slope ( case 2). In case that the difference exceeds the error limit, re- measuring the suspected inaccurate direction. 
Put all the differential leveling value for calculation, if the former leveling values being re- measured doesn’t vary over ±4 L mm as for case 1 or  ±5 L mm as for case 2. The leveling results only use for the calculation on reaching the allowable margin of error. 
[image: ][image: ]
5.4.21. The average differential leveling value of the right lines and left lines of the outward run direction against the return run direction in each section doesn’t exceed ±2 L mm (case 1) or ±3 L mm ( case 2).

On exceeding the above margin, the re- leveling is required, which direction gives the improper result which is great between the right line and left line. The improper differential leveling shall be removed. The remaining 2 differential leveling values is put into the calculation of they are in the allowable margin of errors and they shall be the differential leveling of the outward run and return run leveling. Put all 3 values into the calculation, if the two former differential leveling values doesn’t vary over [image: ][image: ]±4 L mm (case 1 1) or  ±5 L mm (case 2) on re-leveling and the differential leveling value after re- leveling doesn’t vary over ±4 L mm against the former differential leveling. If the result of the first reproducing doesn’t satisfy the above requirements; the other direction of run is re-produced. After that, considering the result to put into the calculation by the margin of errors above mentioned.
5.4.22. If the difference of the differential double run- leveling of the continuous sections exceed [image: ][image: ]±0,3 L mm ( case 1) or ±0,4 L mm (case 2) and the same signs , the latter sections should be shortened the length of the line of sight properly and completely follow the regulations indicated in the item 5.4.10 - 5.4.15 to avoid the systematic error. If any suspected on the instrument, it shall check and adjust the instrument 

5.4.23. Shall put forward the differential level value of each section of the rectified number indicated in the item 1.13 and appendix 3. 

On finishing the measuring between the lines, between the basic benchmark or whole route, it requires the preparation of the preliminary differential leveling calculation and evaluations the measuring quality by random and systematic root mean square error by the regulation at the appendix 2.
6. Technical requirements for leveling of class II
6.1. Instrument and Leveling rod
To measure the differential leveling of class II, using the optical and mechanical leveling instrument with invar leveling rod, electronic leveling instrument with bar coded rod set and shall meet the requirement of random root mean square error of the double- run average differential leveling over 1 km shall not be exceeded 0,50 mm; on using the optical and mechanical leveling instrument (rigidly bubble staff tube) and the instruments with the relevant accuracy shall meet the following requirements: 

- Magnifying factor of sighting telescope from 35 ÷ 40 times and over (electronic technical leveling from 30 times and over).

- Rod intercept value on the surface of rigidly bubble staff tube shall not be exceeded 12”/2 mm, the image of the horizontal water bubble shall be seen in the lens. 

- Graduated staff value of the micro measuring set is less than 0,05 mm and 0,10 mm.

6.1.1 On using the new generation leveling instrument which is different from the type specified, the instrument shall be tested and certified by the Department of Surveying and Mapping before it is put into used.
6.1.2 Differential leveling of Class II by optical and mechanical instrument, using long invar leveling rod of 3 m obtained the rod graduation of main range and sub range in sync with the instrument, with the difference of K constant. Rod intercept error of 1 m of the range is not over 0,10 mm, as for the leveling rod to measure in the mountainous area, this error is not over 0,05 mm. 

6.1.3 On measuring the differential leveling of class II, air temperature shall be measured by thermometer with the rod intercept value is not greater than 0,5°C.. 

6.2. Check and test the instrument, leveling rod

6.2.1. Method and term for checking and testing instrument, leveling rod is according to Item 5.3.1 ÷ 5.3.2. 
6.2.2. There are additional conditions for automatic balancing level instruments: 

a) When checking the circular bubble staff in the instrument with the move of 180°, the water bled does not show a deviation of more than 0.3 mm; 

b) Identification and adjustment of errors due to the fact that the line of sight is not vertical (according to regulations in annex 9). 
c) Identification of self-balancing errors (according to regulations in annex 9). 

6.2.3. As for the electronic leveling instrument to use the line cod leveling rod set checked by each dm, from 5th dm to 25th dm on the standard checking area after each measuring season; level for each dm compared to standard level is not exceeding ± 0.3 mm.


6.3. Leveling measurement Class II

6.3.1. Differential leveling of class II shall be double run leveling by a line of leveling rod, or leveling rod is set up on the iron leveling base of 6 kgs. Figures in the instrument are read by the method of bubble balance 
The order of sight in the first run is as follows:
	
	Odd station
	
	Even station

	1.
	Reading of main range of the backsight
	1.
	Reading of main range of the foresight

	2.
	Reading of main range of the foresight
	2.
	Reading of main range of the backsight

	3.
	Reading of sub range of the foresight
	3.
	Reading of sub range of the backsight

	4.
	Reading of sub range of the back sight
	4.
	Reading of sub range of foresight


With the second run, reading of the even station is executed in the way of the odd station of first run, and reading of the odd station is in the way of even station of the first run.

6.3.3. Operation in each measuring station is as follows:

- As for the instrument with titling screw, operation is the same as in Item 5.4.2 and 5.4.3 for the right side of the road.

- As for the self-balancing technical level gauge, operation for one station is done by the following steps;

a) Install the instrument carefully, move the circular water bubble to the centre; 

b) Direct the sighting telescope to the main range of the first rod. Reading of the micro measuring set is set at 50. Read the readings by the upper indicator and lower indicator, followed by using the infinitesimal measuring set attached to the reading line. 

c) Adjust the sighting instrument to the main range of the second rod, operating as indicated in Item b; 

d) Adjust the sight to the sub range of the second rod, attached to the reading line; 

e) Turn the sight to the sub range of first rod, attached to the reading lines

Results shall be recorded into a notebook and reviewed timely as in the regulations in appendix 25.

6.3.4. Level line of class II is divided into many segments with 25-30km in length each; measurement shall be done in the 8th lock depending on specific conditions, length of segments may increase or decrease.

The double run leveling shall be carried out by the same person, same instrument, a pair of rods, same type of rod and in one line. The quantity of instrument stations of both runs shall be even, with the possible difference of two or four stations (as measuring through hills or rock road). Stations are numbered from 1 to the end of the segment for each run of the leveling.

6.3.5. When switching from the outward run leveling to the return run leveling, positions of leveling rod s are changed also. The outward and return leveling direction in the same section shall be executed separately sessions of one day. It is not necessary to follow this rule if the weather is shady and fresh or the temperature rarely changes. Air temperature shall be measured every 2 – 4 stations.


6.3.6. The standard line of sight is 50m long. Its length can be shortened, with no less than 5m, for the following conditions:

a). Mountain pass;

b). the system errors are clear;

c). On tie measurement into the leveling marks

If the magnifying factor of sighting telescope is 44 times and over, length of the line of sight can be up to 65m.

6.3.7. Height of line of sight above the ground or the obstacles is not smaller than 0.5m. As for the line of sight with length smaller than 30m, its height is not allowed to be less than 0.3m (not applicable when rod is installed on the benchmark).

It is completely forbidden to install into the stake, the steel rod base or in the holes or under the ditch to increase the height of the line of sight.
L
6.3.8. Levelling is allowed if the vision is clear and the images of the graduated staff on the rod are apparent and stable. 
6.3.9. Use the measuring tape to measure the distances between the instrument and two rods. The two distances should not have a difference in length of more than 1 m for one station. Accumulative number is not exceeding 2m. 

6.3.10. Instrument base shall be installed as in Item 5.4.15. 

Rods are installed in the steel rods or rod base. The steel rods shall be buried in the solid ground. The area shall be clearened from grass and loose soil before installation. If the leveling is executed for rock or alsphalt roads, procedure is according to Item 5.4.16. Four steel rods or more should be used to facilitate the observation.
6.3.11. Inspection should be done for each station. 

a) Inspection according to Item 6.3.6; 6.3.7; 6.3.9; 

b) Difference between the the middle indicator reading of the main range and the average reading of the upper indicator and lower indicator of the same rod shall be less than 5mm. 
c) Difference between the reading of the main range added with constant K and the reading of the sub range shall not exceed 0.5 mm; 
d) Difference between the differential heights of main range and sub range is not exceeding 0.7 mm; 
The station is allowed to pass after inspection of all the above mentioned items. When moving the instrument, rods are removed from the stake and the rod bottom shall not be laid in the ground. Back sight is used as the foresight of the new station.

6.3.13. When resting, the leveling shall be completed on the normal benchmark. If it is not possible, driving 3 wooden stakes with the diameter from 8 to 10 cm, and 40 cm long with the round thumb tack on or 3 steel stakes driven in the middle of the 0.3m deep hole to make into two instrument stations. Observation method in these two stations is carried out the same way as in other stations. After finishing the measurement covering the grass and soil on the stake. The rod stakes should be installed in the stable area with as little external impact as possible on the leveling and easy to protect.
Before continue the measurement, the two stakes of the last station should be checked. If the difference between this leveling and the last one is not exceeding 1 mm (20 vạch), the leveling should be continued from such station. If the result is higher, steps in Item 5.4.18 should be done. Mapping and recording at he checking station should be done as in Item 5.4.18.
6.3.14. Checking the observation results of the sections in the segments as follows:

a) Difference between the differential outward run leveling and return run leveling is not exceeding ±4 L mm in case that the  average stations in 1km is not over 15 (case 1) and [image: ]is not exceeding ±5 L mm in the case that the average stations in 1km  is over 15 for the difficult and steep terrain.

If the difference between the value of the outward run leveling and return run leveling is higher than allowed errors, reproducing shall be re-executed for the most suspected run. Compare the three results to eliminate the wrong diffential leveling; the two remaining shall be within the allowable error limit and when they are the differential leveling of the double runs which will be used for the calculation. 

All the three value of differential leveling are used to calculate in case the two primary values do not show a difference of over [image: ][image: ]±8 L mm as for case 1 and ±10 L mm as for case 2, and the reproducing result is not exceeding ±6 L mm compared to the original value (L is the length in km).
[image: ]
In case the reproducing for one run is not reaching the error limit, the other run should be reproduced. Measured results are put into the calculation when reaching the allowed error limits.

b) Difference between the differential leveling of double runs in each segment is not exceeding ±4 L mm for case 1 and ±5 L mm for case 2; In the case that the error is exceeded , reproducing shall be done for the most suspected segment. Results are used for calculation if the difference of the outward run leveling and return run leveling of such segments doesn’t exceed the allowable error limit.

If the difference is somehow similar to the allowable error limit of the next segments, length of line of sight shall be shortened and it is necessary to comply with the Item 6.3.4; 6.3.7; 6.3.8; 6.3.9; 6.3.10 to reduce the probable error 
[image: ]
6.3.15. Misclosure of the level line of class II is not exceeding ±4   L mm
[image: ]
(case 1) and ±5 L mm (case 2). Allowable circular misclosure consists of the two classes as follows:
[image: ]
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If it is over the allowable value, the segments with high errors and suspected in the double-run leveling shall be reproduced.

Calculation of rectified number and making the table of differential leveling are in compliance with the annex 32.

7. Technical specification for the differential leveling class III
7.1. Instrument, Leveling rod, and testing
7.1.1. The level instrument uses for measure the differential leveling class III is self- balanced, electronic leveling instruments or optical mechanical instrument to satisfy the following requirements:
- The magnification factor of the sighting telescope from 24 times and more 
- The graduated staff value on the rigidly bubble tube is not over 15”/2 mm and if it is the contacted staff bubble, it shall be less than 30”/2 mm

-  Cross hairs have3 horizontal hairs
7.1.2. Leveling rod is used for measuring the differential leveling of class III which is the 2 sided-wooden leveling rod of 3 meter long, each cell shall be divided on each side. The black side and red side shall obtain the differential graduated line by constant K on 40 cm.The red side of the two inner leveling rod varies 100 mm. the random error of the staff graduation line of dm and m of the pair of leveling road is not over 0,5 mm. In the mountainous area or leveling the special constructions, it can be use invar instrument to for leveling class III.
The leveling rod must set up vertically on the steel stake or steel support. 
7.1.3. The technical leveling instrument class III is checked and tested by the regulation at the appendix 8 to appendix 15 ( except for appendix 12)
7.1.4. For the technical leveling instrument of rigidly bubble tube , before the production it requires the testing and checking according to the regulation at the appendix 7, 9, 11, 12. For the self- balanced instrument, it requires the testing by the a, b, c of item 6.2.2. 
7.1.5. In the observation time onsite, testing and checking for the following items are required: 
· Check the location of the circular bubble tube (daily before measuring) 

· Value of angle i is checked once per day, after the first week, if the angle is accepted, gradually check for each 10 or 15 days. Starting and finishing each line shall measure to check angle i, after each long transportation or any suspect such as the sudden change of the temperature, or any strong impact, the checking shall be done. 

7.1.6. Before and after the production, use the Gio- Ne-Vo measuring tape to test the whole leveling rod according to the regulation at appendix from 18 to 21. For the bar- coded set (fiber glass), it requires checking each dm from dm to 5th dm to 25th dm on the standard checking area, the differential leveling of each dm is compared with the standard differential leveling less than ± 0.3 mm.

7.2. Differential leveling class III

7.2.1. The leveling line class III shall do the double run leveling. The double run leveling shall be implemented by the same person, the same instrument and same pair of leveling rod and the same stake or leveling rod support. 
7.2.2. The leveling line class III use the middle hair cross method, for the micro control instrument and invar staff, use the method of balanced water bubble. 
7.2.3. Ordered implement is as follows: 

· Read the black side (main range ) of the back sight; 

· Read the number of the black side ( main range) of foresight; 

· Read the number of the red side ( sub- range) of the foresight; 

· Read the number of the red side ( sub- range) of the back sight. 

7.2.4. Measuring sequence by the middle hair cross method of the instrument is as follows:

a) Place instrument, balance instrument carefully; 

b) Direct the sighting telescope into the black side of the back sight, use the titling screw to bring the bubble into the middle, read the number on the staff leveling by 3 indicating: above, middle and below; 
c) Direction of the sighting telescope is toward the black side of the foresight, the operation is similar to b; 

d) Rotate the red side of foresight to the instrument, turn the titling screw so as that the water bubble go to the middle, read the number by reading number according to the hair cross.
e) Rotate the red side of the back sight to the instrument; the operation is similar to item d. the readings shall recorded right away and in time calculated (according to the regulation at appendix 26). 
7.2.5. Only change the outward direction into the return direction at the normal benchmarks. On moving from the outward leveling to the return leveling, it shall place the instrument and change the locations of 2 leveling rods.
7.2.6. The length of line of sight from the instrument to leveling rod from 50 to 60m. In case that the magnification factor of the sighting telescope from 30 to 35 times, the length of the line of sight is 75 m. if the magnification factor is greater than 35 times, the length of the line of sight is not greater than 100 m. The distance from the instrument to leveling road is measured by measuring tape or footstep. Then, re-determine by instrument. The distance difference from instrument to 2 leveling rods in 1 station is not over 2 m and the total accumulation in 1 leveling section is not over 5 m. It is not allowed to change the focal length in one station.

7.2.7. The height of line of sight is not less than 0,3 m from the ground surface ( obstacles objects). In the mountainous area, when the length of the line of sight below 30m shall not below 0,2 m. 

In case the leveling rod is placed into the benchmark, the height of the line of sight shall not take into account. It is not allowed to arrange the leveling rod under the ponds or trenches to increase the readings on staff leveling. 
7.2.8. Before placing the rod support, all grass and loose soil shall be removed. The firm area, steel nails and steel bed shall be used to set the rod. Where the soil is loose or soft, it requires using the wooden stake to drive firmly on the ground to place the instrument foot and set the rod. The size of the wooden stake is 10x10x40 (cm), the circular roof nail shall be set on the circular roof nail. Way to place the instrument foot is followed to the regulation at the item 5.4.15. 

7.2.9. In case that it cannot finish the leveling section into the leveling benchmark or the point required the tie measurement by the even station but the odd station, it shall add the rectified number of point difference“0” of the pair of leveling rod into the differential value of the leveled section. 

7.2.10. Only do the differential leveling class III when the image on the graduated staff on the leveling rod is clear and fixed. When leveling, the umbrella shall be used to cover the instrument, when moving the station; the instrument shall be held vertically and shall be covered by the white haversack. The leveling time shall be after 30 minutes of the sunrise and before 30 minutes of the sunset. In case of the hot and sunny midday, the image is vibrated, stop the leveling. In the shadow days, the continuous leveling can be done. It is not allowed to measure if 5 class wind and the sudden showery occur. 
On the station, it shall check the followings:
· Check by the item 7.2.6; 7.2.7; 
· The middle reading comparing with the average value of the upper reading and lower reading of the black side of each leveling rod  doesn’t vary over 5 mm;
· Difference between the reading of black side ( main range) being added the constant K with the reading of red side ( sub- range) shall not be over 2 mm; 
· The differential value by the black side (main range) and red side ( sub-range ) of 2 rods shall not vary over 3 mm (1,5 mm = 30 marks), if the value is over the above limitation, it should be change the instrument of at least 2 cm high, and Reproduce that stations. On completion of checking the above items, the operation of the instrument is allowed. On moving the instrument, the foresight doesn’t move, but it shall hook off the stake or the rod support and shall not place the rod bottom on the ground. The back sight is moved into the foresight of the new station.
7.2.12. In noon time or afternoon, it should be complete in the normal mark, the temporary mark or resting station. At the resting station, conducting as the instruction at item 6.3.13, and the difference is that the re- measurement result against the former results shall not exceed ± 3 mm and use the wooden stake with the diameter of 8 to 10 cm, length of 40 cm, including the circular thumb tack above or use the two solid rocks or the firm architecture objects for the resting station, use painting for mark the rod location. 
7.2.13. On each measured section, it is able to increase the resting stations, on keep measuring these resting station; it shall check the regulation at the item 7.2.12. 
After the comparison of the double run leveling of each section, if the difference exceeds the allowed limitation at the item 7.2.14 and the observant suspects for sections which will be reproduced in the resting station. On measuring, it shall check after resting

The temporary benchmark, the rest stake are not used to be as a starting point of the branching road, also it is not allowed  to branch off- measuring on incompletely measuring a section on the run.

7.2.14. The effectiveness of the differential value between the outward and return run leveling in each section in the delta area 
(Below 15 station/1 km) shall not greater than ±10 L mm, in the mountainous area hard travel area, the value (more than 15 stations/ 1 km) shall not greater than ±12 L mm .It this value exceeds the allowed error above, the re- measurement shall be carried out at the item 7.2.13, but it still exceeds the limitation above, it requires the Reproducing the suspected sections.
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Use the two differential leveling values when they are in the allowed error limitation above.
Use 3 differential leveling value when the 2 first value is not greater than ±15 L mm and the measurement value comparing with the 2 first values doesn’t  vary over ±10 L mm (case 1) and ±12 L mm ( case 2). In this case, the differential leveling value is calculated as follows: 
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- Take the average differential leveling value of the outward run leveling ( if Reproducing for the outward run) or the return run leveling ( if re- measuring for the return run ); 

- Take the double run differential leveling average value. If the measurement of one run doesn’t meet the error limits, the other run shall be implemented. The final result shall be the double run leveling result to satisfy the above allowed limit
7.2.15.  The allowed error or loop misclosure shall not be greater than ±10 L  mm ( case 1) and ±12   L  mm (case 2); the allowed misclosure for the loops includes the followings levels WII+III =  ± 5   L2   4L3    mm; 
If the error limit above cannot be reachable, it requires the Reproduce the suspected sections.
7.2.16. The measurement result is prepared into the preliminary differential leveling calculation table of on-site work (according the regulation at the appendix 33).

8. Technical Specification for the differential leveling – class IV
8.1. Instrument, leveling rod, checking and testing
8.1.1. The technical leveling instrument is used to do the differential leveling class IV , same as the differential leveling instrument of class III,but the rod intercept value ( graduated staff value on the rigidly bubble tube can reach upto 25”/2 mm. 
8.1.2. The leveling rod is used to the differential leveling class IV similar to the differential leveling class III. In the special case, It is able to use the leveling rod of 4 meter long of 1 staff reading side, but it is not allow to use the column rod, bending rod, telescopic rod. The random error, the rod intercept of dm doesn’t exceed 1 mm. It requires the steel rod support or circular thum tack wooden stake to set out the rod. The leveling rod shall be inspected by Giơ-ne-vơ Measuring tape. 
8.1.3. Check and test the instrument, rod by the regulation indicated in the item 7.1 Clause 7 section II of this code. 
8.2. Differential leveling class IV

8.2.1. The level line class IV overlaps on the point of higher class or form a close- loop, only measure one run. For the branching road, it shall do the double run leveling or do one run leveling by 2 leveling rod lines   or one leveling rod line but the height shall be changed at leaste 2 cm. 
8.2.2. The standard length of the sighting of line is 100 m, if the magnification factor is greater than 30 times, the length can be upto 150 m. The length of the line of sight is determined by the footstep, then it is redetermined by the instrument. The difference of the sighting of line from the instrument to the leveling rod in each station is not greater than 5. The accumulated difference is not greater than 10m. 
8.2.3. The height of the sighting of line shall be more than 0,2 meter away from the ground surface ( or the obstacles objects) . In the mountainous area, when the length of the sighting of line is not greater than 30 meter, the height of the sighting of line shall not be lower than 0,1 meter. It is not allowed to place rod support on the pond, trench, ditches…etc to increase the height of sighting of line. 

8.2.3. Does the differential leveling of class IV by the middle hair cross method.The operation on the station when do the double run leveling or measure one run as same as the measurement of class III. If the measurement method is implemented in one rod line but changes the height of leveling instrument, the operation is changed in 2 times by the regulation indicated in the item 7.2.4. After finishing the measurement for one station, changing the instrument’s height at least 2 cm, then again carrying out as the regulation indicated in the item 7.2.4. In the case that the measurement is carried out in 2 rod lines, the operation will be implemented as follows: the measurement for the right side is followed the regulation indicated in the Item 7.2.4, the move the leveling rod in to the left side, the man again carry out as the regulation indicated in the item 7.2.4. The recording of observation and calculation results are carried out by the instruction indicated at the appendix 24. 

8.2.5. The order of the stations, condition of differential leveling of class IV is similarly carried out to class III. 
8.2.6. On each section, it can place more the rest station as the item 7.2.12. 

8.2.7. On lunch break or  on finishing a measurement day, it requires following the regulation indicated at the item 7.2.12. The differences of the differential values of the former measurement and latter measurement are not allowed to be greater than 5 mm. 
8.2.8. On each station, it shall check immediately the following items: 

a) Check by the items 8.2.2; 8.2.3. 

b) Middile staff reading of the black side adding with the constant K, minus the staff reading of the red side of each staff leveling shall not exceed over 3 mm. 
c) The differences between the middle staff reading and average value of the two staff reading by the upper indicator and the lower indicator of the black side shall not exceed over 5mm. 
d) The differences between the differential leveling value by the black side and red side ( or 2 times to place the instrument) shall not exceed 5 mm. if it is greater, it shall change the height of the leveling instrument from 2 cm and more and Reproducing that station. 

8.2.9. For the level line of class IV, there are two ends to do the tie measurement with the benchmarks of higher level, the lines form the closed loops or the hanging line, if two independent measurement is carried out in two times, the line misclosure shall not exceed ±20  L   mm for the delta area. 
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(case 1) and ±25   L  mm in the mountainous area (case 2). In case that the line misclosure is greater than error limitation, the suspected section should be Reproduced. The measurement result is formed into the preliminary differential leveling table ngoại nghiệp as indicated in the regulation at the appendix 31. The misclosure is allowed for the loops including two classes as follows: 
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WIII+IV =  ± 10   L3   4L4           mm;


9. Differential leveling over the the obstacle 

9.1. Differential leveling of class I and II over the river.

9.1.1 On doing the differential leveling over the obstacle such as river, lake and deep. First of all, the road and irrigation works should be taken advantages so as to ensure the stability, implement the following regulations:
· If the mechanical cars can be prohibited, carrying out the normal measurement. 

· If the mechanical cars cannot be prohibited, the double run leveling shall be done in two times (Reproducing after finishing measuring the bridge), take the average result. It should be noticed that two above cases shall embedded the temporary marks at two ends of the bridge before the measurement. 
In the case that the measurement cannot be carried out like above, the area shall be chosen to measure over the obstacle. 

9.1.2. The instrument being used to measure the technical leveling over the river shall be tested entirely by the item 5.2.1 and 5.3.1. Daily, before and after measurement is done over the river, the checking of i shall be carried out. The value of angel i of the instrument shall be less than 3”. 
9.1.3. The differential leveling over the river needs to develop in suitable condition and time. The good condition for the measurement is in the shadow days a little bit change of the temperatures and slight wind. In such days, the measurement can be carried out any time. In the sunny days, the measuring is allowed to do after the 1-2 hour sunrise and finish before the 1- 2 hours sunset , the measure shall not be done in the lunch time from one to 2 hours. 

9.1.4. The large of the river is determined by the rigidly staff bubble or by titling screws of the instrument and the sighting board by the formulae: S= x.ρ" ; in which: n.µ"

S : The width of the river (m);

x : the difference between the two upper staff readings or between the two centers of the graduated staff of the sighting board is taken accurately upto 0,1 mm;

n : Number of the graduated staff that the bubble staff or the movable titling screw( the rigidly adjusted tube);

µ” : Number of the rod intercept of the rigidly staff bubble or the titling screw;

ρ” = 206265;

The width of the river can measure by the stadia if the river’s width is below 400 m; The distance from the instrument to the far leveling rod shall be determined for four times if the river’s width is below 1000 meter and for 6 times if the river’s width is above 1000 meters. 

9.1.5. The sighting board over the river (see the Figure at the appendix 27) shall be included the support stand to be able to fix and move on the leveling rod which have the small knob to move the sighting mark. 
(Sighting point) up and down. The sighting table obtains index mark and sighting graduated staff or sighting point. 

The width of the sighting mark and sighting point is calculated in mm by the following formulae: 

	- Width of the sighting mark 
	T = 0,05.S

	- The diameter of the sighting point 
	Ф = 0,09.S



In which: S is the width of the river in meter. The length of sighting mark is greater than its width about 3 – 6 times. The distance from the index mark to the center of the sighting mark or center of the sighting point shall be determined the values of C by the measuring tape of Geneve before and after the measurement with the accuracy of 0,1 mm.

9.1.6. In case that the river is less than 150 m wide, one of the following methods is measured: 

a) Arranging the instrument and leveling rod so as to two sighting of line have the same condition (see the Figure 15 and 16). M is the instrument station; P1, P2 is the point to place the leveling rod, which shall be arranged the same distance for MP1 and MP2. In this case, the leveling is developed similarly to the normal instrument station, but the difference is the necessity to brace the mark (point) and do the staff reading in 3 times, and then calculating the average value. The allowed difference between mark braces is 20 division of the micro leveling set, the other differential errors such as the differential error of the normal leveling station is correlative with the leveling class. The measurement is developed in different session of day.
c) In case that the arrangement cannot be reached as the method 1, the arrangement is similar to Figure 17.
d) M1 and M2 is the instrument station. The method to measure in the station M1 and M2 is similar to the method 1 1.
e) The differential value of the two instrument station shall not exceed 10 mm.
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9.1.7. When the river ‘s width is over 150 m,  the measurement for the two banks is implemented at the same time by two instrument and 1 leveling rod set. The arrangement is similar to 17, 18 or, similar to the anti-parallelogram and the rectangular shaped Z as the Figure 19a and 19b
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9.1.8. When arrangement for the measurement location over the river, it shall ensure the following conditions: 

a) Topographical condition of the two river bank is the same. The difference between the sides over the river shall not exceed 1% long. The distance (d) from the instrument to leveling rod shall not be shorter than 10 m;

b. The instrument location shall be dressed the upper grass layer, the instrument foot shall be placed on the availably driven wooden stake. The height of the sighting of line shall be 3 meter away from the water surface and the staff reading on the rod  shall not less than 1 meter. In order to increase the sighting of line, it is allowed to drive the high wooden peg and the sighting table shall be stable. 

c. At the locations to place the leveling rod in the above figures, it can bury the cement stake or drive the wooden stake. The diameter of the wooden stakes from 18 to 20 cm, and more than 50 cm long, driving under the soil about 40 cm, in the drive the circular roof nail ( nail) wooden stake in the middle to place the leveling rod. The steel stake shall be used in the rocky area; 
d. To check the leveling of the location to place the rod, it requires to in-advanced bury the the normal benchmark C1, C2 in the proper locations nearest to M1, M2 with the firm ground and it requires the notes of the points. 
9.1.9. Tie measurement and testing measurement for the leveling rod point with the normal benchmark C1, C2 such as

a) Tie measurement:

Outward run leveling: Before starting the measurement over the river, measure by the outward run leveling from the benchmark C1 to P1 and from P4 to C2.

Return run leveling: After finishing the measurement over the river by the return run leveling from the benchmark C2 to P4 and from P1 to C

b) Testing measurement:

Everyday, before the measurement over the river, it shall measure to check the leveling difference between the leveling rod points in the same river bank. The error and the solution for the instrument station are as same as the resting station on road measurement (point 5.4.18 and 6.3.13). The differential leveling of the former day is compared with the one of the latter day, if the value exceeds the error limit and any suspects of the leveling rod locations being impacted, the tie measurement is Reproduced. On calculation, it requires using the proper tie measurement result.

9.1.10. Basing on the width of the river section, the quality of the leveling rod instrument, the transport means crossing the River, one of three following methods should be applied: 

a) The coincidence measurement method ( according to the regulation at the appendix 28); 

b) Method to use the movable sighting board ( according to the regulation at the appendix 29); 

c) Method of the bending sighting of line (according to the regulation at the appendix 30); 

In the method a) and b), one or two ways of measurement area arrangement can be chosen as the Figure 18, Figure 19 at the item 9.1.7 and the measurent method of A or B indicated in the appendix 28 and 29.

9.1.11. The number of measurements and the measurement duration for each class are specified in the table 7:
Table 7: Regulation on the number of measurement and the differential leveling over the river class I, II
	Class
	River ‘s Width(m)
	The number of measurement
	Time of measurement

	
	
	Method 1
	Method 2
	Method 3
	

	
	
	A
	B
	A
	B
	A
	

	I
	2
	3
	4
	5
	6
	7
	8

	
	150-400
	2
	5
	
	
	
	Am + pm

	
	401-1000
	
	10
	4
	10
	4
	2 days

	
	> 1000
	
	15
	6
	15
	6
	3 days

	II
	150-400
	1
	5
	
	
	
	Am + pm

	
	401-1000
	
	10
	3
	10
	3
	2 days

	
	> 1000
	
	15
	4
	15
	4
	2 days

	
	150-400
	2
	5
	
	
	
	Am + pm


Notes: For the next time, starting to measure from the riverbank which has been finished the previous measurement.

9.1.12. During the observation, it shall ensure the following conditions: 

· The instrument shall be reserved well with the umbrella during the measurement time. 

· Om moving from this bank to the other bank, the instrument shall be put into a box without the strong impact to cause the change of location of focus according to the method A 
- The sighting board shall carefully move without the impact and falling down during the measurement. Reverse the sighting board on reading the number from the main range to the sub- range at the further leveling rod. 

- In the measurement book, it shall draw the location map of the stake to place the leveling rod, the instrument of the station and fully record the items as indicated in the regulation (record the number into the benchmark P1, P4 and adjust the differential number of 0 of the leveling rod even changing the leveling rod after each measurement 

- Each session before the measurement, circular bubble tube on the leveling rod shall be adjusted.

9.1.13. The difference between the differential leveling value of the instrument, the first rod and the second rod in the same measurement shall not exceed 12.S (mm).

The difference between the differential leveling values of the completed measurement shall not exceed 8.S (mm).

In the above formulas, S is the width of the river calculated in km.

9.1.14. The root mean square error of the measurement result over the river is calculated by the formulae: 
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	Mh =
	[VV]
	; In which:
	

	
	n(n-1)
	
	

	
	
	
	



n: the times of measurement 

V: is the differential number between the one measurement differential leveling and the average measurement result (mm)
This error shall not exceed the limitation:
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±0,6 L mm for the class I ; ±0,9 L mm for the class II.
[image: ]In which L = d + S (the calculation unit is km).
9.1.15. During the measurement of the river, if the result exceeds the limit error, the reproducing shall be carried out. If the re- measurement time exceeds ½ total measurement, the reproducing is required. 
9.1.16. When the root mean square error doesn’t meet the requirements above indicated in the Figure 9.1.14, the sub- measurement will be done. The total ò sub-measurement shall not exceed 1/3 the total main- measurements. 

9.2. Measurement over the river of class III and IV

9.2.1. In case the river’s width is below 100 m on the run of class III or below 150 m on the run of IV, the differential leveling is carried out similarly to the measurement in the normal station.

In case that the river exceeds the specified width above, taking advantage of the bridge to do the double run leveling , comparing the two results, if the result doesn’t exceed the allowed error limitation by the measurement class, the average value will be taken and keep measuring. 

9.2.2.In the case that the river’s width is from 100-300 m  for the class III and 150-300 m for the class IV, the normal measurement condition can not be taken advantage, the following method should be used: 

Select the two river banks has the similar conditions, drive the two wooden stakes with the diameter of 10 cm to the depth of 40 cm, drive the circular roof nail, and use the steel nail for the firm soil. Away the stake from 5 -10 m , select the two locations to place the instrument so as to I1P1
= I2P2 và I1P2 = I2P1 (see Figure 20);

Before placing the instrument, all grass shall be removed, and stakes shall be driven to place the instrument foot. 

At the station I1 , move the water bubble into the balanced locations, sighting the near leveling rod placed at P1, reading the number of the black side and red side by the middle hair, then sighting  to the leveling rod P2 and reading the number of the black side in two times and red side in two times; After finishing the sighting for the station I1 , then sighting the station I2 of the other side of the river bank. The operation is carried out in backward order of the station I1, it means that measurement is done from the far leveling rod (P 1) to the near leveling rod,
The operation of the two riverbanks forms one measurement; all shall be measured in 2 times and in different sessions of day. 
If there are two instruments, the measurement is carried out at the same time from the two river banks, then 2 instruments and the surveyors will exchange the locations, each instrument completes one measurement. 
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9.2.3.In case that the river’s width is from 300-600 m on the river, there is the floated alluvial flat, the firm soil , the following method shall be used: 
a) If there is the alluvial flat in the middle of the river, and the instrument can be placed, the leveling rod will be placed on the two sides of the riverbank. 8 measurements is carried out by the normal method, in the morning and in the afternoon (4 measurement for each session). Between the two measurements of each pair, the height of the instrument, rod sighting sequence shall be changed. For example, in the first measurement, the sighting is in order 1, 2, 2, 1, so the second measurement will be 2, 1, 1, 2; the first and the second measurements form the first pairs. The 2nd , 3rd, 4th pair also carry out as the first pairs; 

b) If the alluvial flat cannot place the instrument, the stake K shall be driven to set up the leveling rod. The arrangement method is like Figure 21 so as to: 
I1P1 = I2P2 from  5 to 10 m.

I1K = I2K

Use the two instruments to do the measurement at the same time. The instrument to place in I1 , sighting the black side of the rod P1 and reading the number, instrument at I2 sighting the black side of the rod P1 and reading the number, instrument at I 2 , sighting the red side  at P2 and reading the number;

Then, instrument at I1 sighting to the black side of the rod K, reading the number twice and instrument at I2, sighting to the red side of rod K, reading the number twice. Rotate the red side of rod K to the I1, reading the number twice and also reading the number of the black side twice at I2, rotate the instrument close to the near leveling rod, at instrument I1 reading in the red side P1, at the instrument I2 , reading in the black side P2. So, one measurement is completed. On finishing the measurement, the surveyor and instrument exchange the locations and re- measuring as above. It requires 4 time- measurements. The differential leveling value between two point P1 and P2 is the total value ò the two differential leveling values of P1-K and K-P2.

9.2.4.In the case that the river’s width is from 300-600 m without the alluvial flat in the middle, using the micro- leveling set instrument and sighting board by the coincidence measurement solution, reading the far leveling road for 3 times. The total is two measurements 

The sighting board has the white sighting mark or red one with 0,06.S mm wide, in which S is the river’s width in m.

9.2.5. In case that the River’s width is from 600 m and more lie on the run of class III and IV. The differential leveling determination shall carry out similarly to the measurement method over the river for the class II. 

9.2.6. The allowed error limitation on measuring the item 9.2.2 - 9.2.4, the differential number between the two half- measurements is 100.S mm. 

The difference from the results of the two measurements (double run leveling) shall not exceed 8 mm (class III) and 16 mm (class IV)

On measuring by a) item 9.2.3 , the difference from the results of the two measurement shall not exceed 50.S mm (here in, S is the River’s width is calculated to 0,1 km).
If the allowed error exceeds, those pair shall be reproduced or one Reproducing is done in the pairs. 

On measuring by the item b) 9.2.3, the differential leveling between the two points P1P2 from the measurements shall not exceed mm (class III) and 16 mm (class IV). If the measurement result doesn’t meet the error, the re- measurement shall be done. 

9.2.7. In the sighting time, it shall pay attention to the Item 9.1.3 and 9.1.12. The instrument over the river class III, IV, it shall adjust the angel of i ≤ 6”. 
10. Differential leveling in special cases
10.1. Tie measurement and testing measurement
10.1.1. Level line of class I, II shall do tie measurement into the basic mark. The level line of class III and IV is done the tie measurement into the normal of the higher class- level line. 
10.1.2  On tie measurement of new level line of class I and II with the old level lines of class I and II, it requires the following to the design map which was determined on surveying and location references, number of tie measurement marks. On checking, the implementation by the class of the tie measurement line shall be done.
10.1.3. On checking measurement of one section on the old level line of class I, II cũ , the difference between the differential level value and the new one shall be proper with the error limitation as below:
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a) On measurement of section of class I with class I shall not exceed ±5  L mm.

b) On measurement of section of class II with class I or class II, shall not exceed [image: ]±6   L mm;
If the measurement result exceeds the allowed error mentioned above, the checking measurement for the next section shall be done to finalize the benchmark to be moved 

10.1.4. If the node is the basic mark, the tie measurement shall be done for the old normal marks which are recently buried. 

10.1.5. On tie measurement of class III, IV to the old mark, if any suspected for the old mark, the checking for the nearest old marks shall be done. Reproduce for the old section follows the class of tie measurement.

10.2. Observation of the leveling points and other fixed points 

10.2.1. Before observation on the leveling points, the national coordinates, the other fixed points, it requires the careful reference of the locations, the numbers, and names of those points with the design drawings and document noted the points. 

10.2.2. On excavation and using the benchmark, it shall be very carefully without the touching on the mark. After completion of the observation, it requires filling back the soil and repairing the outer marks as specified. If the terrain changes much, the objects is not the same anymore, the Viewer shall draw the notes of point.
On measuring the leveling points, the national coordinates, and other fixed points, it requires taking off the ring covering the rod bottom ( if any) and place rod as follows:

a) On observing the basic benchmark: in the first measurement, it requires the differential leveling measurement between the upper indicator and lower indicator with the accuracy of 1 mm. For the latter measurement, leave the rod on the upper indicator, if failed, the rod will be put on the lower indicator; 

b) On measuring on the leveling marks, it requires setting up the rod on the index knob or setting up on the mark top if it is the wall base mark;

c) On measuring on the national coordinates, set up the rod on the upper knob’s mark, if failed, setting up the rod on the middle or below knob’s mark; 
d) Sighting measurement for the other fix points, setting up the rod on their planned leveling points. 

10.2.3. On the leveling points, the national coordinates or the other fixed points, it require writing clearly the point’s name, the number, and type of marks into the measurement, also drawing the location map of rod and the projection of the middle hair on the leveling rod.

When measurement is done on the bearing point of many level lines, besides the mentions, it require drawing the map of the bearing points, nodes, and the notes of the measurement status of those point, the checking measurement status is followed at the appendix 7.

10.2.4. When the location of marks embedded on the wall doesn’t ensure the vertical rod installation, using the pencil to line the projection of 3 horizontal hairs of the hair network system on the wall, using the steel measuring tape to carefully measure the vertical distance from the mark center (where to set up the rod) to the projection of each hair (measuring accurately to mm ) and then recording into the book. 
In the book, it requires drawing the map of the mark location and the projection of the 3 hairs, when the differential leveling is high, using those distance as the staff reading on the leveling rod. 

10.2.5. On measuring the level line, if the measurement man discovers the mark to be moved or destroyed, it requires reporting to the leaders, also carrying out the monumentation at the same position. In case that the benchmark is buried in a different location, it requires following to the mentions above of point selection, monumentation section and re- draw the notes of marks. It had better embedding the mark on the fix objects to get the quick stability for the benchmark. In the single case, it can ignore the lost benchmarks if the distance between the nearest benchmark is less than 6 km in the delta and 8km in the mountainous area. 
11. Recording, adjusting the abstract of the outside work
11.1. All the staff readings from instrument, testing units are original data. The original data shall record immediately into the specified number or table by pencil or ink pen. It is not allowed to use the chemical ink pens to record the original data. All the number and letter recorded shall be clear, cleaned without erasing and overwriting the number and letter. The measurement book shall number the page, sign and stamp. It is prohibited to tear the book and copy the original abstract. 

11.2. The reading of line of cm, mm shall not completely be corrected, crossed, cleaned, deleted. 

For the reading of line m, dm, if reading wrongly, it requires carefully crossing, writing the right number above, and noting the specific reason and paying attention to the followings: 

a) On one rod, it shall not correct two in three readings of the upper, middle, lower indicators of the black sides( main range) or the two readings of the middle hair of the black and red side ( main range and sub- range); 

b) On one station, it is not allowed to correct 3 readings and more; 

c) If the original data and the calculated data is wrong, delete them ( it is not allowed to make them dirty, blur the old numbers) and write the right number on. 
11.3. The double run leveling results of class I and II shall record separately into the measurement book, but for the class III, IV, it can record in the same book. If the continous recording requires another book, it shall clearly  write at the end of the former book :” see the next page…in book ….” And the first page of the latter :” next to the page….of book…”. The result of the branched off road shall note into the separated book.

11.4. On observation by mirco-leveling set instrument, reading the number and recording the number to the odd graduated line. For the normal instrument, planned reading and recording to the 0,1 graduated line of the rod. 

11.5. The station still take the order number of the old station, but it requires a additional writing:” reproduce” beside. The removed station shall delete and note the reason to cause the wrong result.
11.6. The observation document shall be adjusted fully, cleaned by the sample.


12. Preliminary calculation 

12.1. General regulation 

12.1.1. The duty of the preliminary calculation is to put forward the required adjusted data into the differential leveling results and evaluate the result accuracy. 
12.1.2. The content of preliminary calculation includes: 

- Check and calculate the readings recorded in the measurement numbers;

· Calculate the differential leveling adjusted numbers of each section; 

Prepare the differential leveling calculation table and preliminary leveling
Drawing the leveling network of the whole measurement area. In each closed loop or opened loop to write the improper value and allowed error limitation. 

During the calculation, it shall check the improper number on double run leveling of sections, differential leveling misclosure between two leveling points, loop misclosure, random root mean square error and systematic error on 1 km ( only apply on differential leveling of class I, II).

12.1.3. On preliminary calculation, the number is round off according to the instruction in the table 8 below:
Table 8: Regulation on rounding for the preliminary calculation 
	Class 
	Differntial leveling at each station 
	Differential leveling of 
	Average differential leveling between the outward run leveling and return run leveling 
	The preliminary leveling 
	

	
	
	
	
	
	

	
	
	Long term benchmark
	In mm
	
	

	
	
	
	
	Mm
	

	
	
	
	
	
	

	
	Mm
	mm
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	I
	0,05
	0,05
	0,01
	0,1
	

	
	
	
	
	
	

	II
	0,05
	0,05
	0,1
	1,0
	

	
	
	
	
	
	

	III
	0,1
	1,0
	1,0
	1,0
	

	
	
	
	
	
	

	IV
	1,0
	1,0
	1,0
	1,0
	

	
	
	
	
	
	


12.1.4. The preliminary calculation shall copy directly into the preliminary differential leveling calculation table by the red ink. These data shall check again before the calculation. 
If the calculation is wrong, delete it and write the right number on as indicated in the regulation at the item. 11.2.

12.2. Regulation on the preliminary differential leveling calculation of class I, II

12.2.1 The differential leveling number and preliminary differential leveling calculation shall be done by 2 separated people ( except for the group step), then compare the results.
12.2.2 Preliminary differential leveling calculation of class I implements by the regulation indicated in the appendix 31, of class II implements by the regulation indicated in the appendix 32. 

- The number of the mark and mark sign are taken from the differential leveling and check by the notes of points table.
· Distance between the mark taken from the book and rounded to 0,1 km. 
· The adjusted number of rod shall add into the average differential leveling value of each outward run leveling section and each return run leveling section ( if  class I ) and add into the differential leveling value of each outward run leveling section and each return run leveling section ( if class II and class III) 

· The standard height adjusted number or the approximate height shall add into the average differential leveling value if the double run leveling 

After putting al the adjusted number into the differential leveling value, the calculation for the line misclosure or loop misclosure. If the error limitation can be reached, the distribution of the misclosure will be done.
12.3. Regulation on the preliminary differential leveling calculation of class III, IV
Method of preliminary differential leveling calculation implements by the regulation indicated at the appendix 33, if the preliminary leveling of the branched off benchmark implements by the regulations at the appendix 34.

The way to calculate the adjusted number is implemented by the regulation indicated in the appendix 3.

12.4 Technical regulation on leveling network adjustment calculation of class I, II, III and IV
12.4.1 On leveling network adjustment calculation, it requires the following regulations:

a) Collect, evaluate the leveling measurement documents based on level line misclosure shall not exceed the following allowed limitation (unit in mm):

	- For the level line of class I: allowed misclosure Wcf  =
	
	± 2   L ;
	

	- For the level line of class II: allowed misclosure Wcf  =
	± 4
	L ;
	

	- For the level line of class III: allowed misclosure Wcf  =
	± 10
	L ;
	

	- For the level line of class IV: allowed misclosure Wcf
	=
	± 20   L ;
	

	- As for the level line structured by different classes, the misclosure is allowed 
	

	Wcf  is calculated as followed: 
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	WI+II
	=
	± 5
	
	
	L
	
	mm;
	
	
	
	

	
	
	
	
	
	1   L2
	
	
	
	
	

	
	
	
	4
	
	
	
	
	
	

	WII+III
	=
	± 5
	
	
	
	
	mm;
	
	
	
	

	
	
	
	L2
	 4L3
	
	
	
	
	
	

	WIII+IV =  ± 10
	
	
	
	mm;
	
	
	
	

	
	
	L3
	 4L4
	
	
	
	
	



[image: ][image: ][image: ][image: ][image: ][image: ][image: ]In which, L is the length of the closed loop calculated in km.

b) Develop the whole preliminary calculation of the measured lines; 

c) Calculate standard leveling corrected number for all the leveling sections and convert the measured leveling into the standard leveling system.
e) Implement the adjustment and evaluate the accuracy of the network by the method of least square; 
f) Edit  and revise the abstract and systematize the documents; 

g) Prepare the leveling abstract after adjustment;  

h) Report the technical description on the adjustment result 

12.4.2 Calculate the preliminary leveling is finding the differential leveling value between the mark sign and evaluate the measurement quality; the preliminary calculation includes the following work:

· Check the instrument and leveling rod testing book; 
· Check the outside work observation book
· Prepare the calculation table of differential leveling and leveling points; 
· Evaluate the leveling measurement quality by the differential leveling difference and closed loop misclosure; 
· Prepare and draw the level line ( or leveling network) 
· Leveling adjustment calculation of class I, and class II and class III in the mountainous area and highly mountainous area only carry out when the rectified number is put into the differential leveling and standard leveling difference. The differential leveling was rectified when the adjustment can be considered as the direct number.

· 12.5. Regulation on the checking and acceptance work
· 12.5.1. The construction units, construction organization units check and accept the quality of all construction items, products in compliance with the technical specifications specified in this technical code.
12.5.2. In case of any changes about the technical and technological solutions on construction, in time report to the owner and implement only when the owner or the agencies of investment decision responses for the change permission in writing. 
12.5.3. Quality appraisal agency of the owner conducts the checking, appraise, evaluate the quality of the construction items, products by the technical specifications specified at this technical code. 

12.5.4. During the checking, if the appraisal agencies discovers the construction unit to violate seriously the standards, regulations on engineering, the recommendation to the Owner shall be carried out to decide the construction suspension, cancel partly or all the construction, and constructed products. 

12.6. Technical summary and submit the deliverables 

12.6.1. After completion of the construction, it requires preparing the technical summary report following to the task specified at the appendix 33. 
12.6.2. The deliverables of the construction shall be reviewed, accepted the class in orders, content following to the current regulations. 
12.6.3. Products of the construction items prepared by the units shall submit following to the regulation, including: 
a) Differential leveling document: 

· Measurement book of classes reviewed and accepted;

· Testing document of instrument and rod; 

· Notes of leveling points; 

· Benchmark set up document; 

· Preliminary differential leveling calculation table; 

· Chart and calculation table of accuracy evaluation; 

· Map of entire network line closure, loop closure

· The map of lines and leveling net on the map with the scale of 1:100.000 to 1:200.000; 

- Statistic table of the leveling points, fix points selected and measured.
· Document to resolve the engineering issue; 

· Technical summary report; 

· Appraisal report of construction quality; 

· CD- ROM  recorded the document in number 

b) Document to measure over the obstacles 

· Book to note the survey result and calculation tables; 

· Documents to test the instrument and rod; 

· Map of the measurement area over the river and tie measurement map; 

· Engineering report; 

· All the deliverable to submit shall include the name and signature of the Viewer, the calculation man and date to complete. Finally, it requires the signature and stamps of the leader of Construction unit


SECTION III
MANAGEMENT REGULATIONS 

1. MONRE assigns the Department of Survey and Mapping Vietnam, which is the highest Agency to evaluate, appraise regulation compliance certification of the products under National leveling network of class I, II, III, IV of this technical code. 

2. Department of Survey and Mapping Vietnam assign the engineering agency to check the regulation compliance certification of the products of the Nation leveling network of class I, II, III, IV. 
SECTION IV.

IMPLEMENATION ORGANAZATION

1. The state management agencies on surveying and mapping, the individual organizations relates to the construction activity of national leveling network comply the regulation specified in this technical specifications. 

2. During the implementation, if any obstacles, timely reflect to the Department of Survey and Mapping Vietnam belonging to MONRE to coordinate for consideration and resolution. 


On behalf of. MINISTER

Deputy Minister
(Signed)



Nguyễn Văn Đức
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	FIGURES
	

	Figure 1:  Buried basic benchmark 
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Figure 2:  Basic benchmark on the hidden stone bed
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Figure 3 : Normal benchmark in the firm soil area
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Figure 4: Normal benchmark on the hidden stone bed 
[image: ]







10 cm
[image: ]

                                                 20 cm



Figure 5: Normal benchmark on the soft soil
Sand later, gravel stone layer 
Sheet pile 
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Figure 6: Benchmark of the wall base
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Letters: Cast the Braille 1 mm, height of 8 mm, width of 3 mm, line force of 1 mm, height of number 10 mm, width of 5 mm, line force of 1,5 mm.

[image: ]
Figure 7: Porcelain mark
Figure 8: Metal mark
NATIONAL LEVELING MARK (CIRCLE)
For metal marks, cast the number and Braille with 1 mm, 1,5 height of 10 mm, width of 5 mm, line force of mm
Figure 9: Cover
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	Figure 10: Surface of the leveling mark 
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	HN – HP
	Name of road (line)
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SPECIFICATION OF THE FENCING WALL

Figure11. Specification of the basic fencing wall 
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[image: ]4 cm high, 2,5 cm wide, line force of 0,8 cm, depth carve 0,5 cm
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Side of the fencing wall is parallel with the side of benchmark 

The size of the leveling point fencing wall of class I, II, III, IV is specified as followed: width of 100 cm, thickness of 20 cm, height of 50 cm; as for the fencing wall, the basic benchmark is 180 cm large and construct off –center to measure the lower mark).
The size of the letter carved on the fencing wall is specified as follows: 
Line of text of the administration body :” MONRE” and DEPARTMENT OF SURVEY AND MAPPING VIETNAM”: 4cm high, 2 cm large, 0,5 cm deep, line force of 0,5 cm ( Northern)
Other letters: 3 cm high, 2 cm large, 0,5 cm deep, line force 0,5 cm.


Figure12: Specification of the fencing wall of the normal benchmark:
(Similar the translation of Figure 11)
[image: ]
	Figure 6 
Side of the fencing wall is parallel with the side of benchmark 

The size of the leveling point fencing wall of class I, II, III, IV is specified as followed: width of 100 cm, thickness of 20 cm, height of 50 cm; 
The size of the letter carved on the fencing wall is specified as follows: 
Line of text of the administration body :” MONRE” and DEPARTMENT OF SURVEY AND MAPPING VIETNAM”: 4cm high, 2 cm large, 0,5 cm deep, line force of 0,5 cm ( Northern)
Other letters: 3 cm high, 2 cm large, 0, 5 cm deep, line force 0, 5 cm


Appendix 2
RANDOM ROOT MEAN SQUARE ERROR AND SYSTEM ON 1 KM OF THE LEVEL LINE
Calculation formulae
The end of the differential leveling calculation of the level line of class I , II requires the random root mean square error and system on 1 km by the formulae:
[image: ]

	In which:
· =  Differential leveling misclosure of the double run leveling in one section mm; 
· For class I, ∆ is ∆5 or ∆6 
	∆5
	=
	1
	([h]outward - [h]return)ph -
	1  ([h] outward - [h]return)tr ;
	

	
	
	
	
	
	

	
	
	2
	
	2
	

	∆6
	=
	1
	([h]ph + [h]tr) outward +
	1  ([h]ph - [h]tr)return 
	

	
	
	
	
	
	

	
	
	2
	
	2
	


R : the length of the measured section in km;

L : The length of the measured section impacted on same systematic error in km
S : the accumulation number from the systematic error of the double run leveling result, in proportion with the section of L, calculated in mm;

If the level line exceeds 600km long, many section will be divided to calculate.

The data for the calculation of root mean square error and systematic errors is formed into the table following to the current sample. 


Appendix 3
CALCULATE THE CORRECTED NUMBER INTO DIFFERENTIAL LEVELING RESULT 
On calculating the differential level, it requires respectively adding the adjust numbers as follows: 

1. Calculate the adjusted number of 1 m long of the rod following to the formulae 

Δδrod = f.h (mm)

In which:

f : is the difference between the testing length and theorical length, mm h : is the differential leveling value of the double run leveling, m;

2.Calculate the adjusted number about the standard leveling system by the formulae: 


[image: ]
In which:
m     - Average gravity value of the network, mgl; [image: ]

Hm – Average height of 2 points A and B, m;
oB – standard gravity value at the point A and B, mgl;

ΔhBA- : The measured differential level between the points  A and B, , m; or calculate the approximately adjusted  number  by the formulae :

ch(gđ) = - AHii          (mm);

In which: A : factor,  take the average latitude of the survey line as the leading number, look up from the table 4
Hi  : the average height of the two ends of the i mm section
i : The latitude difference number of the two ends of the i minute section 

3. Calculate the temperature adjustment number 

The differential leveling of class I, II, also add the adjusted number due to the temperature difference of the rod on measuring or testing on the instrument MK-1  for short temperature adjustment. This adjusted number is separately calculated for each measurement run (return run leveling) by the adjustment calculation unit by the formulae 


emperature = h (tđo - tk)


In which:

 = 2 x 10-6m : the average coefficient of expansion of the invar chain 

H: the differential leveling of measured section in mm;

tdo: is the average temperature of the air on measuring the accuracy up to 0,1°C;

4. Calculate the misclosure of line or loop and distribute the misclosure by the formulae:
[image: ]
In which:

W : is the misclosure of line and loop mm);

Li :  is the length , i section(km);

L: is the total length of the measured section or the closed loop ( km);

The input data put into the calculation and the number adjusted into the differential leveling result shall form into the table by the current sample
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	NOTE TABLE OF LEVELING POINTS 
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	Place to stick the topo map of point 
	
	
	
	
	
	
	Normal benchmark
	
	
	
	
	
	
	
	
	
	Basic  benchmark 
	

	 area (scale of 1:50.000)
	
	
	
	
	
	
	
	
	
	
	
	(cm)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	(cm)
	

	
	B
	
	30
	
	
	
	
	30
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	40
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	40
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	20
	
	
	
	
	
	
	
	30
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	70
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Height
	Lower mark sign
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Upper mark sign 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Type of mark:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Material of mark
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Type of soil:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Land owner :
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Location to place mark 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Road
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Place to zoom the map 
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Appendix 5

THE SOCIALIST REPULIC OF VIETNAM

Independence- Freedom- Happiness


LEVELING BENCHMARK HAND-OVER MINUTES


To conduct the regulation on the management, using, and protect the survey and construction works promulagated with the Decision No. 16/2005/QĐ-BTNMT dated Decemeber 16, 2005 of the Minister of MONRE 

The survey unit ………………………………belonging to ……………………….

………………has done the leveling monumention for type of …………………..….

The point number …………. Level line………….

Class ………. On the map piece scale 1: 100000

At group  …………………………..

Ward………………….

Commune  ………Province ……. ………………

Specific location map as the next figure:
[image: ]
Now, we would like to hand over the benchark above 
To the People’s Committee of ward ……...

to maintain. The PC of ward assigned Mr/ ms ……………………. Job position
………………………………….. to come to the monumentation site to check the situatation and the benchmark location, as from now on which survey unit wants to use the benchmark mentioned above, the benchmark use certification provided by the monumentation agency is required and shall report the PC of ward for their acknowledgement.

After completing to use, handing over the benchmark to the Ward
This document is made into 2 copies:

- 1 copy is kept by PC of ward 

-1 copy is kept by the survey unit 

Dated /………./

Handed over by	Received by




The survey unit ……….	UBND ………………

(Job title and sign)	Job title and sign, stamp


Appendix 6
DRAWING METHOD OF LEVEL LINE MAP 
1. After choosing the leveling points of classes, besides drawing, recording the notes, it requires drawing the level line by the scale 1:100.000 basing on the map obtained pane grid, latitude grid. 
2. Shall draw the topographical and object map along the two sides of the level line within 1km, the map is 30 cm wide, and its length depends on the level line, the Turing point can be drawn into the V- shaped bending line to fold into a set. 
3. On drawing the level line map, take the topographical map with the scale of 1:100.000 as a base or use the topographical map with the scale of 1:50.000, 1: 2.000.000, then go on site and correct as the acceptable level from the vision. If there is not the topographical map, Vision can be used to draw the correlated location maps of the outstanding objects near the leveling points such as steel, km column, well, house or the separated trees. Ect … 
The objects, the terrains drawn on the line map shall be proper with the objects, the terrain drawn on the notes of points 
4. The using and removing the object and the type of soil to present in the level line map shall use the sign of topographical map with the correlative scale. 
5. On the map, it requires the accurate name of ward, road, the location to come, the mark number and level line …etc. 
6. Road, the level line shall draw by the sign regulation of the Item 9. The basic benchmark buried on the base point and node shall mark by the separated sign. 
The former leveling point, National coordinate points, the hydrometerological station …etc , tie measurement, testing measurement or branched off measurement and other line measurement also drawn on the map by the correlative signs. The level line, tie measurement exceed the scope required to draw, indicate the bending line and add the number of km of the road section as the figure below:


1ĐĐ – HN 10 – 20km
[image: ]






							Nui Na
Map of the bending line 
7. Node and base point, drawn a separate map (according to the regulation of the appendix 7). 
8. Style, size of letter noted on the level line map is specified as follows: a) Name of road : use the Upper case letter with 10 mm high. 
b) Name, the number of leveling point written in the bold letter with 4 mm high.
 c) The other notes on the map is followed by the regulation of the sign 
Sign of road, leveling mark and other fixed points drawn on the map is specified as follows:
[image: ]

	


Appendix 7
MAP OF BEARING POINT OR NODE TIE MEASUREMENT
5.1 Drawing section for point map and the figure of benchmark section 



Map of the point to do the tie measurement by the scale 1:100 000













5.2 Description
Status of the tie measurement


Benchmark shape



Location of the Bearing point




Tie measurement unit       Survey team…       Survey viewer        Date of survey



Figure of the tie measurement point 
 The point number…………….

APPENDIX 8:
REVIEW AND ADJUST THE COMPONENTS OF LEVELING INSTRUMENT
(Use for class IV)
1. Preliminarily review the parts of the instrument as follows: 
a) Object glass, eye lens of the sighting telescope and of other mechanical and optical components or any chafe? 
b) Image of the hair net, two ends of the staff bubble and graduated line is clear or not? 
c) The screw to adjust the instrument, binding screws and the whole instrument moves regularly or not, adjust the focus of the sighting telescope to see the sharpness of the collected images. 
d) The instrument foot and other components shall be synchronous and firm.
e) The necessary appendixes going with the instrument recording is enough? 
3. Review and adjust the foot screws after tightening the binding screws and instrument foot, screwing in and off shall be slightly and steadily. If the screw is too tight or loose, the adjustment shall be done as follows::
Unscrew the foot screws until the horizontal adjustment hole is seen after the hole of the protective belt. Use the adjustment rod to adjust tightly or loosely the foot screws by the intention. It requires adjusting each foot screws and adjusting step by step until the desired results can be archived.
3. Adjust the vertical axis rotating parts of instrument. If the rotating instrument is very tight and difficult, it requires using gas oil to wash the instrument axis and fill in the oil into the instrument.  This work shall be carefully conducted in a closed room to prevent dust from the shaft and inside of the instrument. 
4. Check and adjust the staff bubble tube to take the vertical shaft back to the vertical location. Use the foot screws to take bubble into the center, then rotating the instrument with the angle of 180o, if the staff bubble is move out of the center, using the water bubble tube to adjust ½ the deviation, the remaining of ½, use the foot screws to take the water bubble into the center, then rotating the instrument with the 180o , if the water bubble still moves out of center, re- adjustment will be carried out as the former, and continuing this work until the requirement is met.
5. Review and adjust the hair cross:
The vertical hair cross shall coincide with the direction of the plumb-cord, the way to review and adjust is as follows:
Select the lee area, hanging the plump by the thread next to the wall, place the instrument 20-25 m away from the wall, weighing instrument accurately, then leave one vertical thread end coincide with the plump line and see whether all vertical thread is coincide with the plump line or not. If the other end is deviate over 0,5 mm, the adjustment and method shall be as follows: 

Unscrew loosely the adjustment screws of the hair cross, the slightly rotate the hair cross component so as that the hair is coincided with the plump line, then tightening screws to readjust the hair cross components 

After the adjustment for the hair cross, it require determining the angle i


Appendix 9: Check to adjust the interactive
(Common use for class IV)
The location of the rigidly
1) The vertical flat surface cross over the axle of the rigidly staff bubble tube shall be parallel with the vertical flat surface crossing the collimation axis of the sighting telescope. 
2) Angle i ( the projection on the vertical surface flat of the angle between the rigid staff bubble tube and the axis of the sighting telescope ) shall be smaller than 12’’ as for the instrument of class I,II AND 20’’ as for the instrument of class III, and IV
7.1 Check and adjust the first condition:
Place the instrument 50 meter away from rod so as to one foot screw is in the flat crossing the sighting telescope axis, the other two screws are in the two sides of the sighting flat.
a) Balance the instrument accurately; turn the titling screw to get the coincidence of the two ends of the staff bubble, read the number on the rod by the middle hair cross.
b)  Turn the foot screw by the right- handed in two rounds to the right side (or left side) of line of sight so as that the hair cross still keep the readings on the rod of Item a. At that time, observing the ends of the staff bubble whether they are still coincided or how many scale line deviated. Then, at the same time turn two foot screw by the conversed direction in two round so that the two ends of the staff bubble return in engagement with the middle hair cross, still keep the reading number on the rod. Also by that way,  turn the screw foot so that the instrument deviate to the other side with the condition that the hair cross still keep the staff reading on the Rod and observe whether the staff bubble is still coincided or how many scale lines are deviated.   
c) The instrument meets the requirement if two cases of item b, the staff bubble still coincide or deviate some scale line and same direction. If the deviation is  more than one scale line and different direction, the instrument shall be adjusted as follows: loosely unscrew a horizontal screw of the rigid staff bubble tube, the  screw of the other side is tightened so as to one end of the staff bubble is deviated to the right side or left sight until the images of the two ends of the staff bubble is coincided. 
Notes: After finishing the adjustment, tighten the screw which has been loosely unscrew. 
For the instrument has the self balanced- component Ni 007., Ni 025, HC3, it requires determining the self adjusted line of sighting as follows: 
Place the instrument in the middle of the straight line connected two Rod, the distance of the two rods is 100m. Determining the differential leveling on the station respectively by 5 locations of the bubble staff: middle, right, left, upper and lower
Determine 3 times for differential leveling location. The average differential leveling determining the right, left, upper and lower position comparing with the measured average differential leveling in the middle shall not greater than 1 mm for class II, 3 mm and 5 mm for class III and IV. If it exceeds the limit error above, the instrument shall be repaired in the workshop.  
On testing, the stick is required for proofing the rod stability. 
Time for testing: each 2 months, it requires determining the self balanced error, 1 time in the distance of 100 meters between the 2 rods. 
Before and after the production, this error shall be determined in the following distances:
For class II, the distance is 50 m, 100m, and 140 m
For class III and IV , the distance is 50m, 100m, and 200m
The figures to determine the self balanced error shall form the pattern table by the current forms.
7.2 Check and correct the second condition
Drive 2 stakes A and B with the distance from 40 to 50 m, there is the circular roof nail (thumb -tack) on the stake to set up the Rod, In the middle of AB, placing the station I1 and on the line BA, extending to place the station I2  I2= 1/10AB: The distance between I1 A and I1B is not over 2 dm ( see the Figure 27).

Angel i by the formulae:
[image: ] 
[image: ]
If i exceeds the allowed error limit, it requires the adjustment
Calculate the readings on the far Rod [image: ]
[image: ]
The instrument is placing in the station I2. Use the micro-collar and italic writing, put the right readings behind the rod B. Then, unscrew loosely one vertical screw and adjust the other screw so as to the two ends of the water bubble coincides. After the adjustment, angel i shall be checked. 
[image: ]

Figure: arrangement of angel i
If the angel i have not been reached, keep adjusting until it reaches the allowed error limit. After the instrument has 2 angels I which reaches the allowed error, it requires the two additional determination (the total is 3 times) between the measuring time of angle i which shall not vary over 4’’. Take average of the 3 times of determination for the value of the angle i.
The data to determine the angle i shall form into the table according to the current form. 
Notes: 
For the instrument Wild N3: 
If the difference of [image: ]is greater than 1mm and greater than 0,5mm (for river measurement), the adjustment is conducted by: Half unscrew the binding screw at object glass end by corrected rod .Put value b’2 at the calculated infinitesimal measuring set. Rotate very slowly the glass stop collar until the graduation mark on the rod is corresponded to the reading b’2 which is attached exactly into the middle hair cross. In the condition that the image of the staff bubble is coincided, check again the reading b’2, and finally tighten the screw to be braked into. During the adjustment, it is not allowed to touch the titling screw. 
b) For the instrument Ni 007, Ni 025, HC3 has the self balanced components
The arrangement of the measuring area and the operation is carried out like item 2 (according to the regulation at the appendix 7). 
The reading on the far rod is calculated by the formulae [image: ]
The b’2 shall not be different from the actual reading of 4mm, if b2’ is over 4mm, adjusting the hair cross so as to the difference between b’2 and b2 is smaller than 4mm. 
The adjustment is as follows:
Open the cover of the hair cross, use the adjusting stick to drive the upper screw and the lower screw to give the readings on the rod of b’2( it means that unscrew loosely the screw 1 and tighten 1 screw) then review, if the requirement is met, drive tightly 2 screws in two sides. 
After finishing the adjustment for them item, the condition of the hair cross shall be reviewed. 


Appendix 10
CHECK THE OPTICAL FUNCTION OF THE SIGHTING TELESCOPE
(Common use for 4 classes) 
Place the rod with the distance of 100- 150 m. adjust the focus well, however it produce unclear image, it proves that the sighting telescope of the instrument has the bad quality. 
It is also possible to check by observing a bright star. In the telescope you will see a point or a bright circle. On a little adjust the focus, the bright point is still a circle, it proves that the telescope is good, if the image is distorted, the sighting telescope has a bad quality. 
It is possible to use the method of image observation accurately like circle, square. If the instrument is good, the square or circle will be seen clearly. 




Appendix 11
DETERMINE THE GRADUATED STAFF VALUE OF THE RIGIDLY BUBBLE STAFF TUBE 
For the instrument of class I, II
1.1 Preparation work: for the instrument without the graduated staff on the rigidly bubble staff tube, ready- draw the accurately the graduation line on the vellum paper or millimeter squared paper and carefully stick on. 
Depending on the instrument, before uncover the instrument to stick the graduation line into, it shall be approved by the leaders. 
Select the flat ground strip, drive 3 stakes to place the instrument foot, 50 meter away, drive two stakes which their height varies 15-20 cm in the horizontal line, the distance between the two centre of the instrument and two stakes shall be measured in two times by the tape measurement. The difference between twice shall not exceed 3 cm. Take the average for the distance (D) from the instrument to the Rod for calculation. 
Testing requirement:  should choose the shadow day, windless, if it is sunny, the umbrella to cover the instrument is required, and the instrument should leave in the front box on testing from 30 minutes to 1 hour. The thermometer shall hang nearly and meet the condition as the instrument. 
1.2 Method of testing: shall conduct four measurements, for the first and the third measurement, install the rod on the first stake, for the second and the fourth measurement, and install the rod on the second stake. Four measurements should be carried out in two sessions, two measurements for each morning and each afternoon, each measurement includes two half measurements. Each half measurement includes the outward and return run leveling, when starting the completion of each half measurement; it requires reading the temperature up to   0, 10 C. 
The way to operate each half measurement is as follows: 
Place in the instrument, and balance the instrument exactly, sighting on the rod placed in the first stake, drive the titling screw so as to the bubble staff deviates close to one end of the graduated staff of the bubble tube (the infinitesimal measurement set is set at 50), drive the titling screw by the screw- in direction so as that the conoid system clamps accurately the mark on the leveling rod., reading the number on the rod and two ends of the staff bubble. Keep driving by the screw-in direction so that the conoid system clamps the graduation line close to, then reading the number on the leveling Rod and two ends of the bubble staff. Keep doing like that until the fourth or fifth graduation line on the Rod ( it is noticed still able to read the measurement of the two ends of the bubble can be read). So, after finishing the outward run leveling, we keep conducting the return runs leveling. Drive the titling screw in ¼ circle and turn round so as that the conoid system clamps the last graduation line on outward run leveling. The operation is carried out similarly to the outward run leveling but the viewing order is conversed. 
During each half measurement, it shall not be used the infinitesimal measurement set. When completing the graduation line clamp, titling screw which is require following the screw- in direction, on reading the number, it requires waiting for the bubble staff settled.  
The Latter half measurements also conduct half measurement as previous one, but it requires changing the height of the instrument by the foot screw or re-set the reading staff at infinitesimal measurement set of 0	or 100.
The number on determination of the graduation line space value of the bubble tube by Rod shall form into a table by the current for. 
Determine the root mean square error of the coincided images of the two ends of the staff bubble by rod. 
The coincidence root mean square error ( mth) only can determine directly via the root mean square error of collimation m( ng) and root mean square error of measuring ( mdo) by the formulae: 
[image: ]

The preparing works to implement such as on determination of the graduation line value of the bubble staff tube by rod. On determination, it requires selecting the session of different temperature, 3 measurements for each session, 9 measurements for total. After each measurement, it requires using the foot screw to change the height of the collimation rod or change the rod location (drive 2 different height of wooden stakes in to a horizontal line). Each measurement, it requires the determination of mng và mđo. 
1. Determine mng  in each measurement 
Drive the titling screw so as to 2 ends of the bubble staff is accurately coincided, the stand the titling screw. Use the infinitesimal measurement set to put forward the conoid system clamps the nearest graduation line for 10 times. Each time of the graduation line clamp, reading the number in the infinitesimal measuring set ( it should be paid attention that turning the infinitesimal measuring set so as to reading the screw in number)

Root mean square error calculated by the formulae: 
[image: ]
3. Calculation method 
Each measurement and calculation:

 [image: ]

After 9 measurements and calculations: 

[image: ]

In which: 
· : is the graduated staff of the infinitesimal measuring set in mm
D: is the distance from the instrument to the Rod in mm
In which p ‘’= 206265
The data to define the root mean square error coincided by Rod shall form into the table basing on the current form. 
2. for the leveling instrument of class III, IV
Use the Rod to determine graduated staff value of the rigidly bubble staff tube. 
Install the road 40- 60 m away from the instrument; this distance is measured exactly to 0, 1 m. The instrument shall be placed so as that the online connecting line of 2 foot screws is perpendicular to the direction from the instrument to the rod. Driving the third foot screw so as to the bubble run to one end, reading the number in the two ends of the bubbles and the rod (by the middle hair cross). Change the bubble into the other side and reading the number as above (it can use the titling screw to drive the bubble deviated to the two ends instead of the foot screw). 
The graduation staff value of the bubble tube (defined upto 1/ 10 second): which is calculated by the formulae:   
[image: ]
I- The difference of the readings on the rod in mm 
n- 		the number of the graduation line which the bubble moves 
D		the distance from the instrument to the rod in m 
The value T shall be determined twice on the different distance in the windless weather. 
The data to determine the graduation line value of the rigidly bubble tube shall be formed in to the table basing on the current form: 


Appendix 12
TESTING THE MECHANICAL OPERATION OF THE INFINITESIMAL MEASURING SET AND DETERMINATION OF ITS GRADUATED STAFF VALUE
1. Preparation :
Preparing the measuring tape, graduation line obtains the weight scale of 1mm. The distance between the axis of the close graduation lines from 4- 5cm. The measuring tape is 20 cm long, install on the rod and is able to move along the Rod, before and after testing, the measuring tape shall be checked by Geneve measuring tape. The error to determine the graduation  line shall not exceed ±0, 05 m. Drive 3 wooden stakes on the flat ground with 30, 50, 70 meter away from the instrument to set up the rod. 
Testing the leveling instrument of class II to be able to drive the stake 50 meter away from the instrument, also the rod can be installed on the fixed objects, and the instrument can place by the specified distance above. 
2. The testing method
Respectively place the rod the measuring tape attached on the rod on the specified stake, carry out 8 measurements, each measurement includes outward and return run leveling. 
a) Outward run leveling of each measurement:
On starting each measurement, first of all the titling screw shall be driven so as that the two ends of the bubble staff is exactly coincident, during the measurement, stand the position of the titling screw. Place the readings at the infinitesimal measuring set greater than 0, then screw in so as that the cord of  conoid system clamps exactly 2 adjoining  graduation lines on the measuring tape and on the infinitesimal measuring set. Each two re- measurement finishes, move the measuring tape or change the instrument‘s height so as to be able to measure the different graduation line of the measuring tape. 
b)  Return run leveling of each measurement:
On return run leveling, also collimate the right graduation line which did the outward run leveling with the conversed order and each collimation of the right graduation line, the infinitesimal measuring set shall be screw off . 
To determine the fixation of the graduated staff value of the infinitesimal measuring set, while the temperature doesn’t change, it requires testing 3 different distances. If the temperature has a little change, the temperature shall be measured on starting and finishing of each testing for a distance. 
On entire testing according to the regulation at the appendix 6, if you want to determine the fixation of the graduated staff value of the infinitesimal measuring set on the temperature change, it requires testing in the 3 different temperature conditions about 8 ÷100 C. In each case, the temperature shall be depended on the working area temperature and use the instrument to decide. 
The data to test the graduated staff value of the infinitesimal measuring shall form into the table according to the current form.   
 


Appendix 13
TESTING THE ACCURACY OF THE COLLIMATION AXIS ON ADJUSTMENT THE FOCUS


The accuracy ò the collimation axis on adjusting the focus shall define according to the two requirements 
1) Testing the focus adjusting lens whether it is loosen or not
2) Testing the focus adjusting lens whether it move in parallel with the collimation axis or not 
1. Testing the focus adjusting lens whether it is loosen or not 
1.1 On the flat ground, choose A location to drive 3 stakes to place the instrument foot, on the straight line from A, drive 6 stakes with the roof nails to install the rod, this stake is 10 away that stake ( measure by the steel measuring tape) 
1.2 Measurement method:
a) Place the instrument on point A, turn the instrument to the direction of the stake, and balance the instrument accurately according to the Figure 28. 

[image: ] 

b) Drive the titling screw so as to the bubble coincided, from that stand the position of the titling screw. Use one rod to respectively set on the stake from 1 to 6. Each collimating the rod, it requires adjusting the focus clearly. Use the infinitesimal measuring set clamping the graduation line ( or the middle hair cross)  to read the number on the rod and the infinitesimal measuring set ( symbol a) 
c) Use the titling screw to increase the readings at the stake 6 ( a6) up to about 20 mm, then stay the position of the titling screws, and respectively  collimate the rod and read the number like item b ( signed as b) 
d) Use the titling screw to lower the reading a6 about 20m and the same operation of reading ( signed as c) 
The data to test the accuracy of the collimating axis to adjust the focus shall form into the table according to the current form. 
If the lens is not swayed or vibrated, the difference V between I1 and I2 against the probability value shall be 0. If V value is too great, it means that the lens to adjust the focus get the sway., but if V is not greater than 1mm for the instrument of class I, II and 1, 5 mm for the instrument of class III and IV (for the instrument obtained the infinitesimal measuring set, reading the hair cross to mm), it reach the requirements.   
2. Testing the lens to adjust the movable focus in parallel with zero collimating axis:
2.1 Preparation: 
At the flat ground, selecting the point A to drive 3 stakes for placing the instrument foot, take Poiny A as a center to draw a circle of 50 m diameter. On the segment of the circle , drive 8 wooden stakes of rood nails to install the rod. Ordering the number in 0, 1,2, …7 ( see the figure 29) . At the point 0, also drive the 3 stakes to place the instrument foot. The distance from the stake 1, 2, 3 …7 to the stake 9 respectively is 10m, 20 m, 30m …., 70m ( is accurately measured by the steel measuring tape) 
2.2 Measurement method

[image: ]
a) Place the instrument at the point A. Balance accurately the instrument. Then, conduct the outward run leveling from the wooden stake 0, 1, 2, ….7. Use the hair cross and the infinitesimal measuring set to read the number on the Rod. The return leveling run shall be from the stakes 7, 6…0 . The double run leveling will be a measurement. The Measurement requirement shall be four times. The height of the instrument between the measurements shall be changed by 3 foot screws. It requires adjusting accurately the focus before the measurement. The focus shall not be changed in four measurements.
b)   Move the instrument to point 0. The sequence of the operation also carry out in item a. The outward run leveling is from stake 1 to stake 7. The return leveling run is from the stake 7 to stake 1. Four measurements are required. After each measurement, it requires changing the instrument direction by re-balance 3 foot screws. Each rod collimations for staff readings, it requires adjust the focus accurately. 
The allowed error limit of value V1 for class I, II is 0,5mm and for class III, IV is 1mm. If the error limit above is exceeded, the instrument is not used for measuring over the river. When measuring on one station, the focus shall not be adjusted. 
For the instrument without the infinitesimal measuring set, only reading the number in the hair cross in mm. 
Be noticed that the instrument shall be adjusted the angle i= 0 when testing this item. 
For the data of testing the collimating axis accuracy shall be formed into a table according to the current form on adjusting the focus. 


Annex 14
DETERMINE THE DISTANCE MEASUREMENT FACTOR AND THE UNBALANCE OF HAIR-CROSS

The distance measurement factor needs to be determined with the accuracy <0.6%. If the length between the equipment and rods is 50 meters and the balance value of hair-cross is:
a = (hair cross – upper indicator) – (lower indicator – hair cross) < ±1,4 mm we can skip the determination.
Distance metric factor is measured as follow:
K = D- C
         l
In which: 	D: is the distance between equipment and rods, mm;
 l : is the average difference between upper and lower indicators, mm;
C: is the distance measurement constant of the equipment, starting from instrument certification, taken in mm.
For the level Ni 004, HA – 1, because value of C is very small, K = D
											          l	
For this testing, it is necessary to select the flat ground in which three stakes are buried to place the instrument foot. Two stakes are placed in a row 50 meters from the level, with the differential height of 15 – 20 cm; this should be measured with measuring tape; result of outward run and return run does not obtain the difference of more than 3 cm; the average figure is used for calculation.

The level has to be balanced; tilting screws are adjusted so that the bubble is coincided with the reading in the main range (or the black side), in correlative with upper, middle and lower indicators. After that adjust the tilting screws so that the bubble runs toward the eyepiece twice and object glass twice (or in the reserve sequence). For each time, the bubble should be moved within 3 – 4 graduation lines and figures at the three indicators are read.

After completing the rod leveling at the first stake, the rod is moved to the second stake or the equipment’s height is changed and the similar procedure repeats.

Temperature should be read at the beginning and the end of the test.

Figures on calculation of distance measurement coefficient are made into table according to the existing regulation. 

Notes:
a) For level Wild N3, it is necessary to have reference table for the formula:
D = 100 (A1 – A2) + K
In which:A1 and A2 are the reading in the rod according to upper and lower indicators, mm; K is the corrected number of the distance, m; (as in table 5, with the leading number 100 (A1 – A2).

Table to apply the corrected number of distance of the instrument Wild N3 Table 5
Distance:
[image: ]
[image: ]

b) For the level without infinitesimal measuring set, the distance measurement coefficient is defined as follows:
Set up the rods 75 – 100 meters from the equipment. Read the black side of rods according to upper and lower indicators three times with the changing in equipment’s height after each reading; the distance between the equipment and the rods must be measured by measuring tape twice with the difference between them not more than 3 cm; average result is used for calculation.

Distance measurement coefficient is calculated as follow:
K = D- C
         l
in which:
D: is the distance between equipment and rods, mm;
 l : is the distance between upper and lower indicators, mm;
l = lower indicator– upper indicator if there is inverse image, or
l = upper indicator – lower indicator if there is right-reading image.

Figures on calculation of distance measurement coefficient are according to the existing regulation. 


Annex 15
TEST THE MAGNIFICATION FACTOR OF THE SIGHTING TELESCOPE

Magnification factor of the sighting telescope can be checked by one of the two following methods:

1.Set up the rods 8 ÷ 10 m from the equipment, look through the lens with one eye to read the graduated staff n1 between any two horizontal indicators within the sight. The magnification factor is calculated as:
V= n2
      n1

2. Adjust the focus of sighting telescope to a far distance object, then change the focus with the object glass towards the sky, use the board covered with mm indication paper moving at the object glass ends until there are clear circles in the mm paper, read the diameters of the circles according to mm paper (symbolic as d). With the diameter of the object glass is D, (mm) magnification factor of the lens is calculated as follows:
V= D
                           d
As for level Wild N3 with the magnification multiple varying according to the distance, the defined figures (V) should be compared with the chart in the instrument certification. Levels with eyepiece of FOK – 77 shall have the magnification multiples as follows:
11 times at the distance of 0.4 m
33 times at the distance of 10.0 m
40.5 times at the distance of 30.0 m
42.5 times at the distance of 50.0 m
…………………………………
and 47 times at infinity.

Annex 16
TEST THE FUNCTIONING OF TILTING SCREW AND DETERMINE THE GRADUATED STAFF BY ROD

1. Preparation:
Select the flat ground to bury the tripod; install a wooden stake with roof nail 50 meters from the equipment to place the rod.

2. Testing method:
a) Measure 5 times, screw the tilting screw in for the outward run and screw it off for the return one. The infinitesimal measuring set is set up at 50 in the range and is not allowed to be used during the testing.

b) Outward run of each measurement:
Screw the tilting screw off until the bubble moves to one end of the pipe, then screw it on so that the cross hair respectively clamps the adjoining marks on the rod; and read “a “ according to the graduation line of tilting screw. The mark clamped on the rod depends on the movement of bubble from this side to another.

c) Return run of each measurement.
After completion of outward run, screw the tilting screw on and then off so that the hair cross respectively observes exactly the old marks in the reverse sequence of the outward run, and read figure b.

Calculate the average of ao and bo and all the reading of a and b, then the differences (ao - bo). These differences shall not exceed 10” for level Ni004 and 15” for wild N3. If the errors are exceeding the above-mentioned, it is only allowed to screw the tilting screw on during measurement.

Tilting screw graduated staff:
µ = 10.ρ"
        S.D
In which:
ρ" = 206265
S – Distance between the equipment and the rod, mm;
D = Ci+1- Ci is the number of marks on collar of tilting screw which is correspondent to 10 mm in rod when clamping the marks. 
Here Ci = 1 (aoi + boi)
      2
Testing figures of tilting screw and its graduated staff shall form into the table according to the current form.

Annex 17
MEASURE LEVELLING LINE TO TEST THE EQUIPMENT

After thorough calibration and testing of the equipment, it is necessary to measure the tested road.

1. Arrangement: select a closed circle 5 – 6 km, in which a temporary benchmark or wooden stake with roof nail is buried in every 1 km. 
2. Double run for leveling line. Equipment of different level lines must follow the corresponding testing procedure.
3. All following sections must be checked:
a) Monitoring the location change of rigidly bubble staff tube during the procedure.

To be able to do that, the rigidly bubble staff tube location must be checked and calibrated in advance. After completion of the double run, angle i shall be defined. IF the double run cannot be finished within a day, angle i has to be defined at the beginning and the end of the day. If i changes irregularly and exceeding 10”, special attention must be paid to the distance between the equipment and rod.

b) Use such instrument to measure the road, to see if it is easy to achieve necessary requirements, errors of stations, sections and the entire round.

c) Check the screws of the round bubble staff tube if they are stable and smoothly operated. Find the disadvantages of the equipment to have proper solutions.

Annex 18
	DEFINE THE AVERAGE ONE-METER LENGTH IN THE ROD
	 
Calibrate the rods indoor with stable temperature. Place the rods in a horizontal surface to avoid being sagged. Unbox the Geneve measuring tape and put it in the same room with the rods two hours before the test. Make small lines at the edge of lines by pencils, place the Giơ-ne-vơ ruler in the rods, in parallel with the rod edge. The define the rod length in parts (between the graduated staffs 1 – 10; 10 – 20; 20 – 29 dm for black side of the wooden rods and inva rod’s main range with graduated staff of 10 mm; 02-20; 20-40; 40-58 for the inva rod’s main range with graduated staff of 5 mm) with outward and returns runs. At the two ends of a section, read twice with a slight movement of the ruller in between. Read the Geneve measuring tape to 0,1 graduation line (0,02 mm). The gap between differences of reading at two ends of Geneve measuring tape for every 1 m of the rod shall not exceed 0.06 mm. If the figure is excessive, the measuring tape shall be moved and the figures at ruler’s ends shall be read again (two people to read). Unsatisfied results shall be neglected.

At the inva rod’s sub range obtained the spacing of 62-80; 80-100; 100-118 for rod with constant K = 60650 and 310 – 400; 400 – 500; 500 – 550 for rod with constant K = 30155. At the red side rod, they are 45 – 55; 55 – 65 and 65 – 74 or corresponding graduated staff. Testing is done in the main range of inva rod or the black side of wooden rod. Outward run is from left to right and return is vice versa. Temperature of Geneve measuring tape must be read before measuring lengths of part of rod. Average temperature when testing graduated staffs shall be used for calculation.

Difference between the average length of rod’s parts of the two runs shall not exceed 0.1 mm.

Testing figures of the average one-meter length in the rod shall form into the table according to the current form.


APPENDIX 19
DETERMINE THE ERROR OF THE GRADUATED STAFF OF DM 
ON THE LEVELING ROD
The testing work also implements the length testing of 1m 
The main range, the sub- range or black side, red side shall be tested. Each leveling rod scale or surface of the leveling rod shall be divided into 4 or 3 section so as to those sections are coincided with the length testing sections of 1m.The marks require being testing on the main range and on the invar leveling rod are: 02- 4-6-8-10, 12-14- 16-18-20-22-24-26-28-30- 32-34-36-38-40-42-44-46-48=50,52-54-56-58 and the black side of the wooden leveling rod of 1-2-3-4-5-6-7-8-9-10, 11-12-13-14-15-16-17-18-19;20-21-22-23-24-25-26-27-28-29.
For the sub- range of the invar leveling rod , constant 60650
[image: ]and the red side of the wooden leveling rod is :
[image: ]

Before testing each section, the temperature shall be recorded. Testing from the left side to the right side, it means that from the bottom section to the top section. Two measurements shall be done for each section: In the first time, leave the mark “0 “of the Geneve measuring tape projects to the lower mark of dm. the first man stands at the mark “0” of the Geneve measuring tape to monitor whether it moves or not. The second man respectively reads the measurement of the lower mark of dm of the Geneve measuring tape which starts from the first mark. When starting the second measurement, A little movement of the testing measuring tape shall be done, and the measurement will be carried out in reversed order and take the upper marks of dm as a standard. 
Determine similarly for each line of the leveling rod. The difference of the reading staff of the same graduated staff of dm, it is not allowed to be varied over 0, 1 mm in one meter limitation. 
Graduated staff error of dm of the leveling rod of class I shall not exceed ±0,10mm and of class II shall not exceed ±0,20mm. In the mountainous area, the upper error is limited at ±0,05mm and 0,10mm. The random error of graduated staff of dm of leveling rod of class III and IV shall not exceed ±0,5m.
The data to determine the graduated staff error of dm on the leveling rod shall be formed in a table basing on the current form. 

APPENDIX 20: TESTING THE BOTTOM SECTION OF THE ROD WHETHER IT IS COINCIDED WITH THE LINE “0” OR NOT AND WHETHER IT HAS THE ANGLE CONSTANT WITH THE VERTICAL AXIS OF THE ROD OR NOT?

1. Testing the bottom section of the rod is coincided with the line “ 0” or not?
The line of the main range of the invar leveling staff or the black side of the wooden rod shall be coincided with the bottom section of the leveling rod.
Testing method: use the Geneve measurement tape to measure the distance from the bottom edge of the leveling rod to the graduation line 0 or any nearest line on the rod. To reach this, the bottom section of the rod shall be attached a blade razor and leave the line 0 of Geneve measurement tape coincided with the edge of the measuring tape obtained that blade razor. 
2. Testing the bottom section whether it is perpendicular with the leveling rod axis or not. 
Take 3 steel stakes (or 3 wooden stakes with circular roof nail) , drive with the equal distance from the location of 20- 30 away from the instrument to install the rod, the differential leveling between the stake tips shall be from 10- 20 cm. 
Two measurements shall be required, in each measurement, respectively install the leveling rod on the 3 stakes. On each stake, respectively place the leveling rod in 7 positions: center, the middle back margin, left back margin, left fore-margin, middle fore-margin, right fore-margin and right back margin by the figure 30. 

[image: ]
 




Figure: location to place the leveling rod instrument on the stake 
In each location, use the infinitesimal measuring set, reading the number for 3 times on the main range. Each collimating the rod, stay the position of the collimating axis of the lens. 
For each steel stake, calculate the average number ò a1, a2, a3, a4, and a5 of the reading staff for each location. Then, calculation ( a1- a2), (a1- a3), (a1-a4), (a1- a5), (a1- a6) , (a1- a7) and calculate the average number of each difference of 2 measurements. If those average numbers exceed 0,1 mm, it is proved that the bottom section of the leveling rod is not perpendicular with the middle axis of the rod or the bottom section of the leveling rod is not flat. 
During the rod installation, it shall be noticed that the center of the bottom section of the leveling rod is placed on the stake tip or the rod bed. 
The data calculated on testing of the bottom section of the leveling rod shall be formed in a table according to the current form. 



APPENDIX 21
DETERMINING THE LINE”0” DIFFERENCE OF THE PAIRS OF LEVELING ROD AND THE DIFFERENCE FROM THE TWO RANGES OR BETWEEN THE BLACK SIDE AND RED SIDE OF THE LEVLEING ROD (K)
 Drive 2 stakes in a horizontal line which is 20-30m away from the instrument. The difference between the stake nails is 10-20cm.
The testing requirement of the inva leveling rod is 3 measurements. Each measurement: requires installing respectively 2 leveling rods on each stake. Each leveling rod installation, use the infinitesimal measuring set, reading the number for 3 times by the main range and sub- range. It is noticed that the collimating axis of the lens shall keep standing the same and shall not change. 
For the wooden leveling rod, it could drive one stake and 4 measurements. In measurement sequence is as follows: balance the instrument accurately and keep standing, install the first leveling rod, reading the number by the hair cross of the black side and red side. After installation of the second leveling rod, read similarly. Change the height of the instrument to do the next measurement and keep implementing like that for four (4) measurements ( to avoid changing the height of the measurement, 4 stake with roof nails can be driven in the horizontal line, differential leveling among the stake tops from 1÷4cm). 
The average difference read on the main range (or black side) of two leveling rods is the Point “0” differential leveling of the pairs of leveling rod.
The average difference of the sub-range ( or the red side) and the average difference of the main range ( or black side) of each leveling rod shall be the constant K of the leveling rod. 
The number to determine the line “0” difference of the pair of leveling rods and the constant K shall be formed in a table according to the current form. 



APPENDIX 22
CHECKING AND ADJUSTING THE    CICURLAR BUBBLE STAFF TUBE ON THE LEVELING ROD
1. Method 1: Install the leveling rod on the roof nail stake which is 50-65 m away from the instrument. Balance the instrument accurately. 
The man who stands at the instrument views through the lens and controls the staff man so as to one side of the leveling rod coincided with the vertical hair of the instrument. The staff man views the circular bubble whether it is located in the center or not. If not, using the rod to adjust the bubble to the middle position. After that, rotate the rod with 900 and repeats as above; keep doing until the bubble still stands in the middle. 
(This method only carries out after checking and adjusting the hair- cross) 

2 .Method 2:
Hang the plump bob on the leveling rod and when the rod is installed in parallel with the ddirection of the plump bob, observing the bubble and adjust it into the center. 


APPENDIX 23
DETERMINATION THE DEFLECTION OF LEVELING ROD

The line cut side of the leveling rod or the invar leveling rod is flat. To check the deflection of leveling rod surface, the rod shall be place at the title position and span a small cord over 2 ends of the leveling rod reading along the leveling rod surface (figure 31). Use the measuring tap to measure the section a1, a2, a3, a4 from the thread to the leveling rod surface next to the first line, the middle line and the last line of the tested section( for example, for the wooden level rod is the line of 1dm, 15dm and 29dm) 
The deflection of the leveling rod is calculated by the formulae: 

[image: ]

This distance is called the deflection of the leveling rod. If the deflection value is exceeded the specified wooden leveling rod of 8mm and invar leveling rod of 4mm, the corrected number of the rod shall be calculated, and that result shall be calculated by the following formulae: 

[image: ]


Here:
· : the corrected number of the leveling rod’s length in mm
f: the deflection value of the leveling rod in mm
l: the length of the leveling rod in mm
[image: ]

The figure of placing the invar leveling rod in title position to check the deflection
[image: ]

If during the measurement, f is exceeded the error limit, it require the leveling rod to place as follows on resting:
Leveling rod
[image: ]


APPENDIX 24
THE MEASUREMENT OF DIFFERENTIAL LEVELING OF CLASS I
Measuring from ………………………to ………………………………………..
Cloud………… …….Wind speed……………………………………………….
Sun direction……………….Wind direction…………………………………….

	Station
	Dispatching station
	Distance measurement by 3 hairs 
	
	
	

	
	
	Right line
	
	Left line
	

	
	
	Back sight
	Foresight
	Back sight
	Foresight

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Notes: …………………………………….
………………………………………………………..
First page
Time………………………dated ………………………………………..
Weather …………….. Image……………….soil nature………
Map of tie measurement……………………………………………..



	Order of observation
	Measurement of differential leveling
	Check 
	

	
	Right line
	
	
	Left line 
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	Main range
	Sub- range
	check
	Main range
	Sub- range
	check
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APPENDIX 25
THE MEASUREMENT OF DIFFERENTIAL LEVELING OF CLASS II
Measuring from ………………………to ………………………………………..
Weather ……………..Cloud………… Image……………….soil nature………
Wind direction…………level of wind …………….sun direction……………….
	Station
	Foresight
	Backsight
	Time, temperature
	Sign of leveling rod
	Measurement of the differential leveling
	K
+ main range 
	The average measurement of the differential leveling

	
	Upper indicator
	Upper indicator
	
	
	Main range
	“-“Sub-range
	“-“Sub-range
	· 

	
	lower indicator
	lower indicator
	
	
	
	
	
	

	
	D
	d
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	S-T
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	S
	
	
	
	

	
	
	
	
	T
	
	
	
	

	
	
	
	
	S-T
	
	
	
	

	
	
	
	
	
	
	
	
	



Notes:



APPENDIX 26
THE MEASUREMENT OF DIFFERENTIAL LEVELING OF CLASS III , IV

Measuring from ……………………………to………………………………
Starting …………………..dated……………………………………………
	Finish…………………….weather………………Image………………..
	The surveyor…………………………………………………………………..
	The recorder……………………………………………………………………
	Station
	Back sight
	Lower indicator
	Fore-sight
	Lower indicator
	




Sign of leveling rod 
	Reading staff on the leveling rod
	
	K+ black
-red
	Average differential leveling

	
	
	Upper indicator
	
	Upper indicator
	
	Black side
	Red side 
	
	

	
	Back distance
	Fore-distance
	
	
	
	
	

	
	Difference d ( Δ)
	ΣΔ
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Notes: 
Page

APPENDIX 27: SIGHTING BOARD TYPES OVER THE RIVER OF MORE THAN 150 M LARGE
[image: ](Reading sign)

The figure of types of the sighting boards over the river of more than 150 meter large used the methods: 
(a)- Coincidence
(b)- Movable 
(c)- titling line of sighting
(d)- General use for the methods
In the above figures
t- Calculated in mm
s- The width of the river in m

TYPES OF THE SIGHT BOARD HAS TWO SIGHTING POINTS
[image: ](Point 1)
			(Point 2) 


Appendix 28: MEASUREMENT OVER THE RIVER OF 150 meter- 400 meter large BY THE “COINCIDENCE METHOD”

On measurement, it requires the walkie- talkie or a banner in two riversides to contact. The Principle of this method is to clamp the mark at the sighting board by the in infinitesimal graduated collar when the bubble is coincided. In this method, measuring by 1 in 2 following methods:
A- Measuring by half measurement, the move the instrument
a) Operation sequence:
1- Viewing the instrument respectively nearly P1 and P2 and reading the number    [image: ]by the sub- main range. 
2- Viewing the instrument on the leveling rod P3 at the other side of the river in sequence of the instruction of the man who stands at the instrument, the supporter standing at the far leveling rod move the sighting board so as that the image of the first sighting mark is in the middle of the hair cross ( when the bubble staff is coincided, the measurement in the infinitesimal set of 50). 
3- The supporter reads the number [image: ]on the main range ( to 0,1 of the graduation  line) 
Following to the reading sign of the sighting board, then informing to the man who stands at the instrument by the walkie – talkie or by the banner. 
4- The man who stands at the instrument clamp the first mark in 5 times and reading the number, then calculate the average value [image: ]
5- The man who stands at the instruments give a signal to the supporter to move the second mark near the hair cross and do the same operation as the first mark, reading the number like the step 2, 3, 4 of [image: ] according to the main range. 
6- Rotate the sighting board with 1800 , then use the thread to clamp the first mark and second mark of the sighting board, the same operation as item 2, 3, 4, 5 , we get the result: 
[image: ] according to the sub- range 
7- Viewing the instrument to the far leveling rod P4 then conduct as the item 2, 3,4 , 5, 6, we get the result: 
[image: ]
8- The man who stands at the instrument of the other side of the river conduct the measurement as the same time with the above implementation sequence and get the following results: 
[image: ]
[image: ]

· On the near leveling rod P3 and P4
· On the far leveling rod P1
· On the far leveling rod P1
· On the far leveling rod –P2 
· On the far leveling rod – P2
The operation from the item (1) to item (8) is a half measurement.
9. After completing a half first measurement, the man and the instrument of the two riversides exchange together. It should be noticed that the instrument shall not be strongly impacted shall not be adjusted its focus derivation screw. In the second half measurement, starting to measure the far leveling rod and ending at the near leveling rod. The measurement conduction from the item 1 to 9 is the completion of a measurement. 
b) the calculation  sequence of 1 completed measurement is as followed:
1- Calculate the completed measurement by the main range and sub- range of the far leveling rod: 
[image: ]

In which : the number of leveling rod installed on the benchmark P1, P2, P3, P4. 
[image: ] 		Bring the sign(+) on reading the lower sighting board and bring the sign (-) on reading the upper sighting board. 
The difference between [image: ] is not greater than 12x S(mm) 
2- The average measurement by the main range and sub-range of the far leveling rod: 

[image: ]

3- Calculate the differential leveling value over the river between the mark P1, P4 of the man who stands at the first instrument and the second instrument by the main range and the sub- range of the leveling rod by the main direction ( hc) 
[image: ]

And the checked direction h (kt)
[image: ]
[image: ]

The  difference between [image: ]
     Shall not exceed 12x 8.s (mm)
4- Calculate the average differential leveling value between the mark P1 and P4 and each man measures in the first half measurement: 
[image: ]
The difference between [image: ]shall not exceed 12.S( mm)
5- Similarly, calculate the differential value h’2 and h 2’’ of the mark P1 , P4 P1 P4 of each man in the second  half measurement. 
6- Calculate the differential leveling between the mark P1 and P4 of each man who stands at the instrument in each completed measurement
[image: ]  
The differential leveling of the first completed measurement:
[image: ]
In one measurement, the difference between h’ and h’’ shall not exceed 12xs (mm). The differential value of each measurement shall not exceed 8xs (mm
In the above formulae, S is the width of the river in km. Similarly, calculating for the next measurement. The last differential leveling is the average differential leveling of measurements. 
The data measured over the river by the method A shall be recorded in the table according to the current form. 
B- Measurement by group of five half measurements , then move the instrument
Operation sequence 
1- Before the observation, the man who stands at the instrument in the two riversides instruct his supporters move the sighting board on the far leveling rod so as that the  mark of the sighting board close to the hair cross( when the images of the two ends of the bubble staff coincides and the mark places at the measurement of 50)
2- Direct the sighting telescope to the near leveling rod and read the number of the main range, then recording in the field notes. 
3- Direct the sighting telescope to the far leveling rod of the other riverside. According to the instruction  of the man who stands at the instrument, the supporter read the measurement on the far leveling rod ( to 0, 1 of the graduation line) according to the reading signs of the sighting board and inform to the recorders at the station by the banner or by walkie – talkie ) 
4-   the man standing at the instrument clamps the mark, reads the measurement of the main range on the infinitesimal measuring set for the recorder
5- Redo the operation of 3 and 4 
6- The recorder calculates the average value of 2 measurement readings on the main range of the far leveling rod. 
7- Rotate the instrument with 3600,re-do the operation of 3,4,5,6 at the far leveling rod to take the measurement readings of the sub-range. 
8- Re-do the operation 2 and read the measurement on the sub- range and record in to the field notes.
9- The operation from 1 to 8, we get the former half measurement, change the height of the instrument by 3 foot screws and keep carrying out for the other half measurements. 
10-  The man, instrument and leveling rods of the two riverside exchanges together to keep 5 latter half measurements. 
the data measured over the river by the coincidence method by the B shall be recorded into the table according to the current form. 
This form is used for the method of movable sighting board.  


APPENDIX 30
MEASUREMENT OVER THE RIVER OF MORE THAN 400 LARGE BY THE METHOD OF TITLING LINE OF SIGHT
In the method: title line of sight”, read the far leveling rod when the sighting line doesn’t have the same level.  The horizontal line deflection of the line of sight is determined by the 2 measurement value of the bubble ends or along measurement on the titling screw. On the sighting board, it requires 4 marks of sighting ( see the figure at the appendix 27). The distance between two sighting marks besides the formulae: 
[image: ]
In which: C1 1 and C4 4 – The distance from the reading sign to the center of the outside sighting marks on the sighting board (it means that mark 1 and mark 4) 
T’’ – The graduated staff value of the rigidly bubble staff tube or of the titling screw( by unit of second)
N- the quantity of the graduated staff on the rigidly bubble staff tube or of the titling screw correlative with the distance from the mark 1 to mark 4 on clamping the marks. 
S- The width of the river in mm
b) The sighting sequence on the far leveling rod by the titling line of sight method on using the instrument of marked - rigidly bubble tube. 
1. The sighting board on the leveling rod so as that the marks locate on the symmetric with the hair cross of the instrument.
2. The man standing at the instrument instructs his supporter read the measurement on the far leveling rod. We get [image: ] by the main range and the sub- range with the accuracy up to 0, 1 of the graduated staff , inform the measurement for the man who stands at the instrument ,in which :
i: the leveling rod number 1, 2, 3, 4 ( place the mark P1 1, P2 2, P3 3, P4 4)  
1- The first position of the sighting board.
[image: ]
The figure: measurement over the river by the titling line of sight.
3. The man standing at the instrument drive the titling screws by the screw-in, respectively clamp the marks from 1 to 4. Each clamping of marks, read the measurement at two ends of the bubble (read the number when the bubble is completely standstill)
4. Then, viewing in the conversed sequence from the mark 4 to mark 1. 
When the river’s width is less than 600m, two measurements shall be done as above. The river’s width from 600- 1000m, 3 measurements shall be done as above, and 4 measurements for the river’s width of greater than 1000m. take the average value of the readings on the bubble tubes ( or the titling screws) on clamp each mark on the sighting board. 
The angel a1, a2, a3, a4 is the titling angles of the line of sight on viewing the mark 1, 2, 3, 4. The calculation method of angles depends on the numbering of the marks on the surface of the bubble tube. Calculate the value of the angle by the half graduated staff of the bubble tube according to the following formulae:
1. The graduated staff “0” is in the middle of the bubble tube 
α = (object class) tbinh- (eyepiece) tbinh
2.   The graduated staff “0” is in the beginning of the bubble tube
3. α = (eyepiece) tbinh- (object class) tbinh
or α = (upper) tbinh- (lower ) tbinh

In which:
( eyepiece) tbinh is the average number of the bubble staff by the position closest to the eyepiece.
(Object glass ) tbinh is the average number of the bubble staff by the positon closest to the object glass.
(Upper) tbinh is the half bubble staff of the upper section
(Lower) tbinh is the half bubble staff of the lower section
The final result of the readings staff by the main range and the sub-range of the far leveling rod in the two locations of the sighting board shall calculate by the formulae: 

[image: ]


In which: i is the leveling rod number 1, 2. 3, 4 placing on the mark P11, P22, P33, P44 .
If the “reading sign” is upper, in front of the bracket is the (-)
If the “reading sign” is lower, in front of the bracket is the (+)
I, II is the first and second position of the sighting board ( before and after rotating by 1800)
α 1, α 2, α 3, α 4 has the unit of half graduated staff of the bubble tube, which is taken into the formulae by it signs: 
[image: ]According to the formulae, always give the positive value (+)
The average of the reading staff by the main range and subrange of the far leveling rod shall be calculated by the formulae:  
[image: ]

b. The next is the calculation steps as the method of coincidence. 
c. On using the instrument with the titling screws, get V1, V2. Then, keep driving so as that the two ends of bubble staff is completely coincided and read the number  and get the measurement V0, then keep clamping the marks 3, 4 and reading the number on the titling screws, we get V3, V4. 
4. Then, viewing in conversed sequence from the mark 4, 3, 2, 0, 2 to 1, get the reading staff [image: ]
During the calculation, conduct as same as item a and only pay attention to :
[image: ]
The data measured over the river by the title line of sight shall record in the table according to the current form. 

APPENDIX 31: PRELIMINARY LEVELING DIFFERENCE CALCULATION OF CLASS I
	Name of road ………………...
	
	Calculated by ………………

	Year measured 
	
	Checked by………………….

	Starting mark …………………
	Ending mark ……………
	



	Number of the section measured 
	Type of marks
Number
	Location of point
	Distance (km)
	Date measured 
	Number of station

	
	
	
	Between the two marks
	To the starting mark
	Outward run leveling
	Outward run leveling
	Return run leveling

	
	
	
	
	
	Return run leveling
	Morning 
	Afternoon


	
	
	
	
	
	
	Morning 
	Afternoon


	1
	2
	3
	4
	5
	6
	7
	8

	
	
	
	
	
	
	
	



	Differential leveling of outward (m)
	Differential leveling of outward (m)
	Difference of the differential leveling (mm)

	Right line
	Left line
	Average
δ rod
δ temperature
	Average
δ rod
δ temperature
	Right line
	Left line
	[image: ]
outward
	[image: ]

return
	[image: ]
P outward- Treturn

	9
	10
	11
	12
	13
	14
	15
	16
	17






	







Difference of the differential leveling (mm)
	






Accumulated number of 
	





Δ
	




[image: ]
	





Δ
	





[image: ]
	




Average leveling difference
[image: ]
	





Distribution of the misclosure 
(mm)
	





Preliminary differential leveling
(m)
	





Preliminary  leveling
(m)
	






Notes 

	Δ 4
(Toutward+ T return)
	Δ 5
(Pave- Tave)
	Δ 6
(Outwardave- returnave)
	[image: ]	
	[image: ]
	Ri
	Ri
	+δ standard (mm)
	
	
	
	

	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29




	







Difference of the differential leveling (mm)
	






Accumulated number of 
	





Δ
	




[image: ]
	





Δ
	





[image: ]
	




Average leveling difference
[image: ]
	





Distribution of the misclosure 
(mm)
	





Preliminary differential leveling
(m)
	





Preliminary  leveling
(m)
	






Notes 

	Δ 4
(Toutward+ T return)
	Δ 5
(Pave- Tave)
	Δ 6
(Outwardave- returnave)
	[image: ]	
	[image: ]
	Ri
	Ri
	+δ standard (mm)
	
	
	
	

	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29





APPENDIX 32: PRELIMINARY LEVELING DIFFERENCE CALCULATION OF CLASS II
	Name of road ………………...
	
	Calculated by ………………

	Starting mark …………………
	Ending mark ……………
	Checked by………………….




	Ordered section No.
	Type of mark
Number
	Point location( distance and direction to the standard object)
	Distance (km)
	Date measured
	Number of the station
	Differential leveling + correction

	
	
	
	Between the marks
	To the starting point
	Outward run leveling
	Outward run leveling
	h outward
δ rod
δ temperature
	h return
δ rod
δ temperature

	
	
	
	
	
	Return run leveling
	Return run leveling
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	
	
	
	
	
	



	Uncorrected differential leveling difference between the outward and return run leveling (mm)

	Accumulated error 

[image: ]
(m m)




	[image: ]
	Average leveling difference 
[image: ]
Standard 
	Distribution of the misclosure 
(v)(mm)
	Preliminary differential leveling (m)
	Preliminary  leveling (m)
	Notes

	10
	11
	12
	13
	14
	15
	16
	17




APPENDIX 33: PRELIMINARY LEVELING DIFFERENCE CALCULATION 
OF CLASS III, IV
	Name of road ………………...
	
	Calculated by ………………

	Starting mark …………………
	Ending mark ……………
	Checked by………………….



	Ordered section No.
	Type of mark
Number
	Point location( distance and direction to the standard object)
	Distance (km)
	Date measured
	Number of the station

	
	
	
	Between the marks
	To the starting point
	Outward run leveling
	Outward run leveling

	
	
	
	
	
	Return run leveling
	Return run leveling

	1
	2
	3
	4
	5
	6
	7

	
	
	
	
	
	
	




	Differential leveling + corrected leveling rod (m)
	Difference of the differential leveling (mm)
	The average differential leveling
[image: ]
	Preliminary leveling (m)

	
h outward +δ rod

	
h return +δ rod
	
	
	

	8
	9
	10
	11
	12

	
	
	
	
	




APPENDIX 34
PRELIMINARY LEVELING CALCULATION OF THE BRANCHED-OFF LEVELING MARK
	Measured by
	Year measured:




	



No 
	Branched-off mark
	The initial measured mark 
	Length of the branch- off road

	
	Name of class 
	Belonging to the map piece 
	Location of the point 
	Name of road, class and mark’s code 
	Location  of point
	Leveling 
(m)
	

	1
	2
	3
	4
	5
	6
	7
	8

	
	
	
	
	
	
	
	





	Differential leveling (m) from the starting point to the branched- off point
	Misclosure (mm)
	Leveling of the branched- off point
	Method of leveling and leveling class
	Number of the recording book
	Measured by and date measured

	Outward run leveling
	Return run leveling 
	Average 
	
	
	
	
	

	9
	10
	11
	12
	13
	14
	15
	16

	
	
	
	
	
	
	
	




APPENDIX 35
TERM OF REFERENCE FOR THE TECHNICAL SUMMARY REPORT
A- General condition 
1. Operation area (commune, province, the code of the map piece….), technical document usable. 
2. The Construction organization, full name, position, executive staff, and specified work assigned. 
B- The geographical and natural condition of the working area:
1. The condition of traffic, the main road axis in the area of rail way construction, asphalt concrete road, the earth road
2. The slope of each road section: the number of the station of more than 1 km and the average number of the stations of more than 1 km on the whole route. 
3. The weather condition of the measurement area ( depending on each month)
4. The condition of terrains, geography have any impacts on the measurement result?
C- Instrument, leveling rod and other equipments 
Details are written by the following table: 

	Order number
	Name of road
	First mark
Final mark
	Number of mark 
Distance
	The measurement man, the recorder
	Technical level
	Code of the instrument 
	Magnification factor, value T of the rigidly bubble tube
	Angle i
Max
Min

	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	
	
	
	
	
	



	Type of leveling rod
	Length testing of 1 meter
	The root mean square error
	Misclosure and allowed error 
	Re-measured length 
	Notes

	Number
	On the instrument mk-1 
	On the Geneve measuring tape
	
	
	
	

	10
	11
	12
	13
	14
	15
	16



Writing:
The equation of the Geneve measuring tape has been used to test the leveling rod. Evaluate the quality of the instrument, and other equipment after the testing. 
D- Observation status
1. Observation method for each line
2. The technical scope and its causes, reason of re- measurement. 
3. Technical issues have been occurred during the measurement, causes and solution, and the job position of the handler. 
4. Checking measurement status. The improper values between the old and new sections. 
5. The observation status over the obstacles, type of instruments, measurement method, the river’s width, and the results archived. 
Đ- Conclusion 
1- Evaluate in overall the achievements and quality of the product. 
2- The outstanding requires to handle
3- The comments on the organization and technique relating to the work.
				Date
				Reported by
				(Full name and job position)
				Signed


Appendix 36
MAIN CONTENT OF THE TECHNICAL DESIGN
1) Technical design section
2) Cost estimates section
Technical design section includes the followings: 
a) Purpose, requirement, and duty scope
b) Legal basis of the technical design 
c) General about the area to prepare the technical design 
· Characteristic of the design area
· Location of the area to measure
· Nature, geography, society of the measurement area
· The existing of the data and information. 
d) Technical design 
· General requirements
· Legal documents to use in the working design. 
· Principle to handle the document. 
· Technical solution applied, map data used for the design, the statistic map of level lines, expected accuracy of the leveling network, machines requirements, materials, and work volume
· Regulation on testing, acceptance and deliverables
e)   Labor safety and construction organization
f) The critical issues to be paid attention in the construction
g) The appendix and layout attached survey report on mapping materials for the technical design preparation, cost estimates and network design layout. 



Table 4: Check the factor A by latitude; calculate the corrected number into standard leveling system
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Table 6 : Wind level BEUFORT
	Wind level 
	Wind level
	Equivalent speed 
	
	Effect of the wind on the ground 

	0
	Windless 
	0- 0, 02
	1
	Windless, the smoke go up

	1
	Very slight wind
	0,3- 1,5
	1-5
	The smoke expresses the wind direction 

	2
	Slight wind
	1,6-3,3
	6-11
	The person’s face feel windy, tree has a little bit shake

	3
	Small wind
	3,3- 5,4
	12-19
	Leaf and small branch shake

	4
	Regular wind
	5,5- 7,9
	20-28
	Wind raise the dust and papers up, the small branch shakes

	5
	Rather gale 
	8,0-10,7
	29-38
	The leaf of small trees start shaking, water surface of ponds, lakes has the small and regular waves 

	6
	Gale 
	10,8- 13,8
	39-49
	The big branches shake, the steel wires sounds and hard to open the umbrella 

	7
	Rather high wind 
	13,9-17,1
	50-60
	it is hard to go by the reversed direction of the wind

	8
	High wind
	17,2- 20,7
	62-72
	Wind cause the broken branches , impossible to go by the reversed direction of the wind
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