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SYNOPSIS:  The AGS format was designed as a data transfer vehicle.  Over the years since its release the 
format has proven its effectiveness in this regard.  Too often, however, the format has been adopted as a 
working database structure.  For this purpose the format is deficient in many areas and such structures can 
lead to awkward data entry procedures, difficulty in data validation, reduced querying capabilities, and loss 
of information.  This paper points out some of the weaknesses in the structure as a working database and 
illustrates methods to structure databases so as to achieve the maximum benefit to the user while still 
maintaining the ability to read and write AGS format files. 
 
 
1. INTRODUCTION 
 
Containerisation revolutionised freight shipping in the 20th century. Freight generators, freight transporters, 
and freight consumers now had a common interchange medium. As long as all involved in the process 
followed simple, well defined rules concerning the container dimensions, freight moved simply, quickly, and 
easily with little time, effort, and money lost at interchange points. 
 
The AGS interchange standard has performed a similar service for the Geotechnical and Geoenvironmental 
industries. However, unlike the users of containerised shipping, many users of the AGS standard have 
adopted the interchange standard for their usage standard. Imagine a furniture maker storing the 
components of each piece of furniture in standard shipping containers in the factory or a furniture retail store 
leaving the furniture in the standard shipping containers on the display floor. In reality the furniture factory 
stores the furniture components in a manner that makes sense to its production process and the furniture 
store displays the furniture to best show the furniture for sale. 
 
Granted that much of the AGS standard can be adopted as a usage standard, there are many areas of the 
standard that act quite well for the purpose of data interchange but are less than optimal for the purpose of 
data collection, validation, and manipulation. The basic thesis of this paper is that usage databases need to 
be set up to best meet the requirements of the users of the data. The interchange medium should only affect 
the design of the usage database minimally. Even table and field names in the working database do not 
need to match the AGS groups and fields. Care must only be taken to ensure that the usage database can 
be mapped to and from the transfer standard. 
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This paper illustrates a number of examples of how the usage standard can be designed to better meet the 
user needs but still meet the requirements of the interchange standard. The examples are few in number but 
illustrate some basic classes of problems and optimisations. We hope that they will serve to stimulate the 
industry to think first in terms of usage requirements and then of interchange requirements. 
 
 
2. COMPONENT DESCRIPTIONS 
 
Following are some typical samples of soil descriptions: 
 

 
 

Figure 1. Typical Soil Descriptions. 
 
This will be designated as the "blob model" of descriptions, a coarse-grained approach. Following are the 
same descriptions in a "component model," which comprises a fine-grained approach: 
 

 
 

Figure 2. A component model of soil descriptions. 
 
There are many strong advantages to using the component model for data entry: 
1. Consistency - Consistently structured descriptions are always produced. 
2. Enforced Attribute Selection - Most of the components would have valid data lists associated with 

them, from which the user chooses.  Such data lists aid in data accuracy and consistency.  All of the 
above components, except for "Colour" and "Additional Description," are such lookup lists. 

3. No Formatting - Formatting is removed from the data. The burden of the formatting is taken from the 
user and imposed on the software. Further, the formatting can then be altered as needed without 
changing the data. Note in Figure 2 above that all the components are lower-cased but the final 
descriptions (Figure 1) are mixed-case. Punctuation is also inserted by user-defined rules. In the above 
example, all components are separated by spaces (except for the formation which is placed on its own 
line). However, variable punctuation is possible with commas, full stops, colons, etc. placed after any 
component. Note also the brackets around the formation name. Other component formatting, such as 
bold, italic, underline, colour, etc., are also possible. Finally, the order of the components can be 
changed at will. User-definable software rules determine the final look of the description. 

4. Selective Reporting - Not all components may be desirable under some situations. On a log form the 
full description is usually shown. On a section showing a number of borehole sticks there is less room, 
so perhaps only the "Principal Type" and the "Strength" would be shown. 

5. Enhanced Query Capabilities - Queries can be run on any combination of components. For example, 
one could ask for N Value results within layers whose "Principal Type" is "sand." 

6. Validation - Data validation becomes possible. A simple rule could catch "hard sand" or "loose clay." 
 
The level of granularity depends on how the data will be used (what information is important to the final 
usage of the data) and on how much the organisation prizes consistency. Component models can have any 
number of attributes. They can be as small as three components (principal material, strength, and additional 
description). The sample above shows only 11 of the 20 actually in the model. Furthermore there is another 
table for rock descriptions that contains another 12 components. 
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As an example of how fine this process can go, seven component colour models are sometimes used: 
 

 
 

Figure 3. A fine-grained colour model. 
 
Each of these components would have a valid value list of allowable choices associated with them. 
 
Some components can be "overloaded." For example, the "Strength" component of Figure 2 has both 
consistency values for fine-grained soils and relative density values for coarse-grained. This makes the rule 
for checking if a value is appropriate a bit more difficult to write but, having the rule written certainly makes 
for easier data entry. Alternatively, one could have two fields: "Consistency" and "Relative Density." This 
makes the rule writing easier since values cannot exist in both and consistency only applies to silts and clays 
while relative density only applies to sands and gravels. However, it does make data entry a bit inconvenient 
in that the user must select the appropriate field for each record. 
 
 
3. TCR, SCR, RQD 
 
The TCR, SCR, and RQD values are stored in the AGS format as percentages. For interchange purposes 
this is appropriate. However, these are not the values collected in the field. Lengths of core are collected to 
determine these values. In the data generator’s database it is more appropriate to store the recorded 
lengths, not the calculated percentages. There is always the possibility of entering data incorrectly into a 
database. Storing calculated data doubles the chance of an error, performing the calculation and data entry. 
The formatting of data should be the responsibility of the reporting engine and the export facility that maps to 
the AGS structure. 
 
 
4. LAB CALCULATIONS 
 
For a data generator performing lab testing, the AGS structure is woefully inadequate. Many more fields are 
necessary to store the raw data. What is commonly done is for the lab calculations to be performed in a 
separator program, generally Excel®, and the data imported into the storage database which mimics the 
AGS structure. Sometimes the data are taken directly from Excel® to and AGS file. This imposes an 
additional potential problem in that it is much more likely that the key relationships can be incorrect if the 
data are not first placed in a relational database. 
 
Ideally, all the lab data will reside in the same file as the rest of the project data. Stored in a relational 
database, orphan records cannot be created and validation against other data can be made, for example, 
test depths within the parent sample extents. 
 
Putting all lab data into the project database obviously requires a very different database structure than 
provided by the AGS. First, the CLSS table would need to be broken up to allow moisture content, densities, 
etc. to be calculated and documented properly. Many other fields and tables would also need to be inserted 
for both collected data and metadata describing the testing in more detail than is available in the AGS.  
 
Another benefit of this configuration would be the ability to better track testing progress and final testing 
quantities. 
 
Another important consideration is that the AGS structure has SAMP as the parent group for all lab groups.  
This allows specimens (SPEC_DPTH and SPEC_REF) to be defined without reference to any other 
specimen. Without a referential check related tests could then be input that appear to not be related but 
were in fact run on the same specimen. To fix this problem, an intermediate group is necessary that is the 
child of SAMP but the parent of all lab groups. A convenient existing group is the CLSS table. This forces all 
specimen keys to be defined so the data entry person can only select from the defined specimens when 
entering test data. Further, if a specimen reference or depth was input incorrectly, the incorrect value can be 
corrected in the parent table and this will cascade down to the child tables. 
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5. PARTICLE SIZE REDUNDANCY 
 
The percent passing the 0.425mm sieve is stored in the CLSS group, the percent retained on the 37.5mm 
and 20mm sieves in CMPG, 20mm in CBRG and MCVG, and 37.5mm, 6.3mm, and 2mm in the RELD 
group. All of these data can be derived from the GRAD group data. In a working database, especially for a 
data generator, there is no need for this redundancy. The relevant percentages can be extracted from the 
associated GRAD data and the values exported appropriated to the AGS file. 
 
 
6. PARTICLE DENSITY 
 
The AGS standard requires that particle density needs to be prepended with a “#” if the value is assumed. 
This overloads one field with two pieces of information. Much better, from both the data generator and 
consumers standpoints, is to create two fields: one to hold the particle density and a Boolean (True/False) 
field to be marked if the value is assumed. This has the following advantages: 
 
1. The particle density field can be made into a numeric field, thereby avoiding some typographical errors 

where a non-numeric might be typed.  If a "#" were allowed, the database field would have to be a text 
field that allows any characters. 

2. You can more easily use the particle density field in calculations on your reports, for example, to 
determine void ratio or degree of saturation.  With a "#" prefix, your calculation expressions would first 
have to check for the "#" character and then strip it off before using it in the calculation. 

3. Data entry is easier.  The operator does not have to be told how to specify an assumed value.  The 
additional field makes it clear. 

 
 
7. CPT DATA 
 
7.1. Background 
 
Cone Penetrometer Testing (CPT) is high quality and cost effective in-situ soil test which is perhaps under 
supported by AGS Format.  We consider the AGS format insufficient for some interchanger’s of CPT data, 
and after analysing three user group’s requirement, propose a working structure that could also be adopted 
as an interchange standard. 
 
 
7.2. Practice 
 
The reality of CPT data collection is that single and multiple pushes may take place in the one Hole ID.  
Each of push may be done using different equipment, on different days, drilling may take place between 
pushes, and a single data files is general created for each push.  Metadata for each push is required for 
derivations, such as qt, and quality control reasons, such as cone metreage.  Multiple dissipation tests at 
differing depths may also be carried out within the one push. 
 
Let us consider three geotechnical user groups of CPT data. 
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7.3. Offshore CPT 
 
It is common practice to use CPT over short distances with in a deep borehole alternated with sampling and 
other in-situ testing as in the Figure 4 example.  In this case each push is given a test number.  Piezocones 
are commonly used, and metadata such as the cone-sleeve offset, initial hydrostatic pressure, net area 
ratio, and bulk unit weight are required to derive common parameters such as Rf, qnet and qt.  Dissipation 
tests are common. 
 

 
 

Figure 4. Sample structure for offshore CPT data. 
 
 
7.4. Reclamation CPT 
 
Friction cones are generally employed and pushed once to refusal though sand and gravel to estimate 
density and identify silt layers.  The soil type and regular refusal on hard ground leads to higher than normal 
wear of the cones.  Metadata such as Cone ID and before/after test calibrations can be useful to track cone 
life as in the Figure 5 example. 
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Figure 5. Sample data structure to store CPT data from reclamation testing. 
 
 
7.5. Onshore CPT 
With onshore CPTs, generally one push is done to a set depth or refusal.  Apart from the previous metadata 
mentioned, the groundwater depth is required for piezocone derivations.  Dissipation tests may be done. 
 
 
7.6. Proposed working CPT structure 
 
The AGS 3.1 Format transfers CPT data in the STCN group.  STCN is a child of Hole and has a keyset of 
Hole_ID, STCN_DPTH.  Metadata such as STCN_TYP (Cone test type) and STCN_REF (Cone 
identification reference), and FILE_FSET (Associated file reference) are repeated on each line of a push. 
 
We consider the most appropriate working data structure to satisfy the 3 user groups consists of a parent 
table, which we will call STCG for this discussion, and the test data table that we will continue to call STCN.  
The STCG table has a keyset of HOLE_ID, STCG_TESN and would contain metadata on each push such 
as the data file name, calibrations, cone identifier, cone type, data required for derived parameter 
calculations, and possibly test date time and personnel.  The STCN table would have a keyset of HOLE_ID, 
STCG_TESN, STCN_DEP, and have fields for the recorded and derived parameters.  Additional child tables 
of STCG store dissipation test results and data. Figure 6 shows the proposed table relationships and fields 
diagrammatically. HOLE_ID, STCG_TESN, STCN_DEP correspond to PointID, ItemKey, and Depth, 
respectively. The GintRecID field is an internal key used by the database software and is not relevant to 
these issues. 
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Figure 6. Relationship diagram for CPT data. 
 
 
8. MONITORING DATA 
 
8.1. Background 
 
AGS-M was incorporated into AGS 3.1 adding, among others, the MONP and MONR groups.  There are 
now two locations to transfer many types of monitoring data, hence a note states the new tables are to take 
precedent.  It is also noted that many old monitoring tables will be deleted in the next version. 
 
 
8.2. Practice 
 
MONP and MONR have proven to be a useful structure for data transfer, but rather unfriendly structure of a 
working database for some standard geotechnical instruments.  Database tables duplicating MONP and 
MONR have all the fields for deduced values that we consider are typically required.  But if the required 
metadata fields and raw data fields were added for all the instrument types possible the tables would be 
come very large and unworkable as an input form.  That is why each instrument class needs its own 
database table or tables and input forms. 
 
Let us consider a number of instrument types. 
 
 
8.3. Optical Settlement 
 
This class of instrument falls under the AGS 3.1 MONP_TYPE codes of TS and MSET and includes 
instruments such as: 

• Surface settlement markers 
• Total station points 
• Rod settlement gauges 
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The AGS group relationship is compatible with how users want to enter and view the data.  Generally these 
instruments need few additional metadata or raw data fields, the x, y, z and displacements are sufficient.  A 
base reading needs to be identified for calculation of displacements.  Additional calculated fields for the 
change since last reading, and raw reading fields for Rod Settlement Gauge may be useful as shown in 
Figure 7. 
 

 
 

Figure 7. Sample structure for optical settlement data. 
 
 
8.4. Standpipe Piezometer 
 
This class of instrument falls under the AGS 3.1 MONP_TYPE codes of SP (Standpipe) and SPIE 
(Standpipe Piezometer).  The AGS group relationship is compatible with users viewing and data entry 
needs.  However in reality, the depth to the water level may be taken from a point different than the Hole 
table datum, hence the metadata for the stickup must be stored, along with the raw depth reading that can 
be used to deduce the depth below the Hole table datum. 
 
Many additional metadata fields for material types, aquifer name, and base readings could be in the parent 
table.  Many additional calculated fields could be in the child table, such as water elevation, change since 
base reading and last reading, and water pressure. Figure 8 provides an example of some additional fields, 
some of which are grey fields indicating they are calculated from user defined formulas. 
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Figure 8. Sample structure for piezometer data. 
 
 
8.5. Magnetic Extensometer 
 
This is the AGS 3.1 MONP_TYPE code ETM.  The AGS MONP and MONR group and key structure is not 
user friendly for data entry, however it can be useful to view data for each target independently and is fine 
for data transfer (keeping in mind only the deduced displacement is transferred). 
 
The problem is that all ETM targets (monitoring points) in a HOLE_ID are read at the same Date and Time 
(MONR_DATE & MONR_TIME).  This corresponds to an AGS keyset of HOLE_ID, MONR_DATE, 
MONR_TIME, MONP_DIS, MONP_ID. 
 
However, the AGS MONR group keyset is HOLE_ID, MONP_DIS, MONP_ID, MONR_DATE, MONR_TIME.  
The data can be recorded in this keyset, but it is an inconvenient task because the user must swap between 
MONP records to enter the reading for each target. 
 
We designed a working database with four tables for ETM data as defined in Figure 8; again, this example 
the key fields, among others, have non-AGS names.  ETMG is a 1 to 1 child of HOLE/POINT and stores the 
metadata.  ETMT defines a master list of the targets (ETMT) and these are used to pre-populate the reading 
table (ETMR) with the target identifiers for each survey date (defined in ETMS). This creates a user friendly 
data entry form.  Then the raw readings may be entered and deduced to an elevation and displacement. 
Figures 9 and 10 show the user interface for this structure. 
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Figure 8. Relationship diagram for magnetic extensometer data 
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Figure 9. Sample structure for magnetic extensometer background data. 

 

 
 

Figure 10. Sample structure for magnetic extensometer data 
 
 
9. SUMMARY 
 
Given the tremendous cost to generate data and the importance of quality information, a properly designed 
database specifically configured to meet all project needs, not just interchange requirements, is crucial for 
efficient and quality data operations. Interchange specifications must be met but they need to be secondary 
design considerations, not primary. 
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