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1. INTRODUCTION
1.1.

SCOPE AND OBJECTIVE

This report summarizes the ground conditions and recommended structural foundation
design for the construction of a new reinforced concrete structure measuring 34m x 17m,
with 4 floors and 15 structural columns on an 8.5 x 8.5 m grid. The building will have a
permanent load of 16,500kN and a variable load of 6,500kN.
This report was prepared by CHIRUS Geotechnical Services Ltd. It has been developed on
baseline surface conditions, recommended geotechnical engineering parameters, and
measured geophysical properties of the soil, bedrock and groundwater. It summarises the
soil, bedrock and groundwater conditions that the contractor may expect to encounter in
the surface and subsurface excavations. The report also includes figures and tables that
summarise the data and present baseline conditions and parameters.

1.2.

SITE LOCATION AND GEOGRAPHICAL SETTING

The proposed development is situated in on Gowran Road, approximately 5km outside of
Bennettsbridge, in County Kilkenny.

Figure 1.1: Proposed Site Development
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The site is relatively flat and slopes very gently to the Southeast, with an average gradient of
-1 m per 150 m distance. Additionally, there is a river approximately 60 m to the Southeast
of the site, running SW-NE. Topographic map and river placement are shown in Figure 1.2.

Figure STYLEREF 1 \s 1. SEQ Figure \* ARABIC
\s 1 2: Approximate location of stream

Fig 1.2: Approximate Location of Stream

1.3.

PROJECT DESCRIPTION

To complete this report, geophysical site investigation, ground investigations, field work,
and laboratory investigations were conducted on a budget of €17,000 to ascertain the
ground conditions and design parameters necessary to make recommendations as to the
appropriate onsite location and foundation for the proposed structure. Calculations for soil
settlement and structural foundation design were then made using EUROCODE 7 (Design
Approach 1) (See section 6: Structural Calculations). Based on these calculations, CHIRUS
Ltd. then proposed a feasible and cost effective structural foundation design.
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2. BACKGROUND INFORMATION AND DESK STUDY
2.1.

GEOLOGICAL MAPS

Local geological maps indicate that the proposed development site is underlain by visean
limestone and tourasian mudstone, separated by a fault line just past the midpoint of the
site, as shown in Figure 2.1

Figure 2.1: Underlying bedrock of site2.
The visean limestone underlying Bennettsbridge was deposited as marine sediments in the
tropical sea covering the vast majority of Ireland during the Carboniferous (350 mya). These
sediments were compressed into horizontal strata and contain fossil corals, sea urchins, sealilies and ammonites (1).
The tourasian mudstone underlying the site consists of fluvial deposits, alternating between
high and low energy systems. It has a medium grain size and is somewhat porous (1).
Other local area maps indicate the site is underlain by lacustrine silt/clay. However,
although CHIRUS did observe some silt/clay deposits during the geophysical examination,
we suggest using this information with a degree of caution, and supporting this map with
additional borehole evidence (see Section 3: Ground Investigation).

2.2.

TOPOGRAPHIC MAPS

Local topographic maps indicate a relatively flat surface at the site, sloping very gently to
the Southeast with an average gradient of 1 m/ 150 m (i.e. 1 m elevation per 150 distance)
as shown in Figure 2.2.
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Figure 2.2: Topographic map of the proposed site
Figure 2.2 also shows a small point just Northwest of 100:050, which indicates the presence
of a sinkhole onsite, in the area underlain by limestone.

2.3. Photographs
Initial walkover surveys of the site also found a sinkhole present in the limestone-dominated
area as shown in Figure 2.3. Other karstic features observed by geological surveys in the
surrounding the site support a concern regarding additional sinkholes in the limestone
dominated area moving forward.

Figure 2.3: Sinkhole observed during site walkover
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3. GROUND INVESTIGATION
3.1.

PRELIMINARY SITE INVESTIGATION

3.1.1. INTRODUCTION
With an overall budget limitation of some €17,000, CHIRUS Ltd. allocated approximately
20% of the budget to preliminary site investigations, a figure in line with industry norms.
This gave an approximate budget of €4250 to spend on this phase of works. From the
walkover survey, CHIRUS Ltd. were aware that the main area to eventually focus on was the
area to the North East of the site, farthest away from the limestone/mudstone interface,
underlain by the mudstone, and closest to the access road to the site (fig. 3.1).

Figure 3.1: Site Divided into 50x50m Grids, Selected Grids Highlighted in Yellow
3.1.2. SEISMIC REFRACTION
The active geophysical technique of seismic refraction was chosen to get a pair of cross
sections across the area of site we decided to focus our investigations on (fig. 3.2). The
speed of waves returning from an excitation was measured using geophones along the
section (s4b and s3b). Both sections were added to the ground model, and a profile
interpolated between them and they were found to be broadly similar. The rise towards the
east of the test area is consistent with the mudstone-sandstone interface. The method of
seismic refraction successfully located bedrock and provided a good base to begin further
investigation.
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Figure 3.2: 3D Seismic Refraction Profile
3.1.3. MICROGRAVITY TESTING
The same area was investigated using microgravity, simultaneous to the seismic refraction
testing program. This method of measuring tiny variations in the earth’s gravitational field,
is useful in checking for voids, noting the reduced density of the earth where it is absent. A
passive method, it was used because of the voids detected during the walkover survey, and
the possibility of further voids being present in the area of investigation. The method was
successful in establishing the presence of a void in zone 13, where extremely low
microgravity levels were detected (fig. 3.3).

Figure 3.3: Microgravity Data
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With preliminary investigations complete, we exhausted approximately 12% of available
resources, some €2150. This left us under budget for the remaining investigations – a saving
made by focusing on the eastern part of the site and reducing the area of preliminary
coverage.

3.2.

DETAILED SITE INVESTIGATION

3.2.1. INTRODUCTION
With the preliminary site investigations complete, we defined an area which we speculated
would be suitable for construction based on our preliminary SI findings. This area, between
zones 19b, 20d, and 20b (fig. 3.4) was then overlaid with the proposed column structure of
the proposed building (marked in orange).

Figure 3.4: Borehole Locations and Grid
With the grid precisely defined, we located potential boreholes along two axes, intersecting
on position 19b. Shell and auger drilling was requested for all boreholes except 18d and 20b,
at farthest extents from the centre, where a relatively undisturbed triple tube rotary core
was requested.
Wide use was made of shell and auger drilling. Being mobile, relatively cheap, and having a
suitable depth range to 15m, it was chosen as a technique because of its ability to facilitate
testing of the water level, a concern on a site where a river is nearby and the water table is
potentially quite high
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3.2.2. LABORATORY INVESTIGATION
Disturbed and undisturbed samples were requested at each shell and auger borehole.
Laboratory classification tests were requested for all boreholes. Additionally, the
triangulated boreholes nearest the proposed structure were submitted to. The presence of
hydraulic pressure was detected by standpipes (located in red in fig 3.4). Placed in a
borehole, the standpipe uses a dipmeter to measure water levels, and is especially accurate
beneath clay levels.
The borehole logs, once collected, were drawn in a 3d ground model and a more traditional
2d profile was made. Deformation response was measured in a number of samples to define
the consolidation of the soil along the profile. Triaxial tests were also ordered on some
samples to check for the stress strain properties of the soil samples, tested in a pressurised
rig in the laboratory.
The total budget spent on detailed site investigation came to some €10,000, or 60% of the
overall, while a further €4500 was expended on laboratory tests. A complete budget for
ground investigations, including any surplus, may be found in Appendix B
Preliminary and detailed site investigations show that the underlying stratigraphy of the site
consists of layers of soft and firm clays, silts, and sandstones, before hitting bedrock.
According to microgravity, the bedrock depth differs around the fault, as can be expected,
with the limestone bedrock resting at shallower depths below the surface than the
mudstone.
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4. SITE DESCRIPTION
4.1.

GEOGRAPHIC

The proposed development is situated in on Gowran Road, approximately 5km outside of
Bennettsbridge in County Kilkenny (fig 4.1).

Figure 4.1: Proposed Site Location

4.2.

GEOMORPHOLOGICAL

The site is relatively flat and slopes very gently to the Southeast, with an average gradient of -1 m
per 150 m distance. Additionally, there is a river approximately 60 m to the Southeast of the site,
running SW-NE. Topographic map and river placement are displayed below in figure 4.2.

Figure 4.2: Geomorphological Features of the Site
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Additionally, there is at least one sinkhole onsite, just northwest of 100:050 on the topographic map
in fib 2b. This sinkhole is thought to be the effect of karsting which occurs in the limestone bedrock
of the site and surrounding area. A picture of this sinkhole, approximately 4 m in diameter, is
displayed below in figure 4.3.

Figure 4.3: Onsite Sinkhole, approximately 4m in diameter

4.3.

GEOLOGICAL

Local geological surveys show that the site is underlain by versian limestone and taurisian mudstone,
separated by a fault just past the midpoint of the site, running SSW-NNE (fig. 4.4).

Figure 4.4: Bedrock Geology of the Site
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Preliminary and detailed site investigations show that the underlying stratigraphy of the site consists
of layers of soft and firm clays, silts, and sandstones, before hitting bedrock. According to
microgravity, the bedrock depth differs around the fault, as can be expected, with the limestone
bedrock resting at shallower depths below the surface than the mudstone. A typical stratigraphic
column is displayed in figure 4.5. Further discussion of the soil conditions and layers can be found in
Section 5: Engineering Discussion of Ground Conditions.

Figure 4.5: Stratigraphic Sequence Underlying the Site

4.4.

HYDROGEOLOGICAL

Lab testing shows that the first three layers of the site’s stratigraphy are highly saturated, meaning
they will provide little friction to piles if used in foundation. Additionally, the water table rests at a
yearly average of 1.2 m depth across the site, with a standard deviation of approximately .15 m
across the site. This level may vary depending on season and weather, so it is recommended that a
water table level of 1 m be used in calculations

16

5. ENGINEERING DISCUSSION OF GROUND CONDITIONS
The typical stratigraphic sequence is shown below in figure 5.1

Figure 5.1: Stratigraphic Sequence

A shallow layer of soft, dark brown organic topsoil, varying in thickness from 0.200 – 0.400m
was observed in all boreholes. Tests revealed that the average unit weight of this soil was 12
knm3, with an undrained compressive strength of 10 kPa. The water content in this layer
was typically 36%, indicating a very saturated layer.
Underlying this layer of topsoil, CHIRUS observed a deep stratum of soft grey clay with
occasional thin silt laminations. This layer varied in thickness between 3.4 – 3.7m. The grey
layer in fig. 5.1 indicates a saturated layer, with poor compressive strength. The water
content in this layer was typically 36%. Tests also revealed that the average unit weight of
this soil was 17.25 knm3, with an undrained compressive strength of 15 kPa. A shallow layer
of loose fine-medium sand underlays the soft grey clay layer, with a thickness of between
0.2 and 0.59m.
A deposit of firm brown silt and clay underlays the shallow layer of sand. Test revealed that
the deep layer, which was between 2.3 and 4.7m thick, had a unit weight of 19.25 knm3 and
an average undrained compressive strength of 49 kPa. Typical water content of the clay in
this layer was between 27-29%.
Beneath this, a layer of gravelly clay which is described as being very stiff, slightly gravelly
and sandy was observed. This layer varied in thickness between 2.3 and 2.5m deep in
BH19B and BH20A, but extends as thick as 4.7m in BH20B. This stiff layer has a water
content as low at 14% in places; and it has an undrained compressive strength of between
255 kPa and 280 kPa. The saturated unit weight of this clay layer is 21 knm3. It is noted that
BH19B and BH20A were terminated in this layer.
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6. STRUCTURES
6.1.

INTRODUCTION

Laboratory classification tests revealed that the top layers, particularly the topsoil layer, clay
layer and sand layers, were heavily saturated. These saturated layers were evident from the
laboratory testing and borehole logs. The typical undrained compressive strength varied
between 10 – 15 kPa. Due to the nature of ground on this site, CHIRUS Ltd. recommends the
installation of Continuous Flight Auger Piles for the purpose of this development.
Continuous Flight Auger (CFA) piling is often suited to soft ground, due to the nondisplacement nature of the piling setup (fig 6.1). CFA piles are suited for this development,
as the layers of firm brown silt/clay and the gravelly clay layer can provide effective shaft
resistance for the piles while providing a solid hard stiff layer for bearing resistance.

Figure 6.1: Typical CFA Pile Arrangement
CFA piles are therefore recommended for this development. The advantages of CFA piling
include (1):
●

Diameters from 450 to 1200mm

●

Depths up to 32m

●

Able to carry high load/ shear/ moment capacity

●

Low noise and vibration

●

Speed of installation

●

Can overcome Interbedded clays and sands
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●

Can deal with water bearing sands and gravels and penetrate weak rocks

6.2.

METHODOLOGY

Due to the high water content and location of the water table, CHIRUS Ltd. assumed that
the topsoil, clay layer and sand layer provide no frictional shaft resistance on the piles. It is
therefore assumed that the frictional resistance is provided by both the silt/clay and the
gravelly clay layer, as the gravelly clay layer and/or the mudstone can provide adequate
bearing resistance. Assuming that the topsoil, clay, and sand layers provide no frictional
shaft resistance on the piles ensures that the piles are designed conservatively (i.e. with a
high factor of safety).
Due to large loads acting on the pile, which exceed the recommended maximum loading of
1500kN (2), a series of piles, secured with a pile cap, is recommended (fig. 6.2)

Figure 6.2: Typical Proposed Pile and Pile Cap Design

6.3.

ASSUMPTIONS

The following assumptions are made for the purpose of the structural calculations:
1. Each structural column is founded on 3 piles, secured by a pile cap.
2. The self-weight of the piles adds negligible loading on the pile (self-weight loading
ignored).
3. Due to relative soft nature of the first 3 layers, it is assumed that this ground cannot
take much loading. Therefore, assume that the Pile cap has a self-weight loading and
is included in the calculations
4. The three piles take equal loading
5. The land is relatively flat and that the water table is 1.00m BGL.
6. The frictional resistance for piles is only in the firm Brown silt clay and the slightly
gravelly clay
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6.4.

SUMMARY OF PILE CALCULATIONS

In summary, CHIRUS Ltd. recommends 3 No. 0.675m Ø CFA piles per structural column,
founded to a depth of 11.64m BGL (Approximate Dimensions shown in Fig. 6.3). A section
of the proposed pile design is displayed in figure 6.4. The calculations in their entirety are
located in Appendix 2.

Figure 6.3: Pile Design Recommendations

Figure 6.4: Proposed Pile Section
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Typical Pile Capacities (from Structural Engineers Handbook, Eurocodes, Third Edition)

Bored Pile

300 – 1800 kN

300 – 600mm diameter

Driven Piles

500 – 2000 kN

275 – 400mm square precast, 275
– 2000mm diameter steel

CFA

300 -1500 kN

300 – 600mm diameter

Minimum Pile Spacing = 3 x Pile Diameter to centre of pile
Table 6.1: Typical Pile Capacities

Typical Pile Cap Depth (from Structural Engineers Handbook,
Eurocodes, Third Edition
Pile Diameter (m)

Pile Cap Depth (m)

0.300

0.700

0.350

0.800

0.400

0.900

0.450

1.000

0.500

1.100

0.550

1.200

0.600

1.300

0.750

1.600
Table 6.2: Typical Pile Cap Depth

21

Loads
Item

Symbol

Unit

Total Number of Columns

15

Total Permanent Load

16500 kN

Total Variable Load

6500 KN

Total Permanent Load per Column

1100 kN

Total Variable Load per Column

433.33333 kN

Assume 3 piles per column
Total Permanent Load per pile

Gk

366.66667 kN

Total Variable Load per pile

Qk

144.44444 kN

Table 6.3: Loads

Item

Symbol

Amount

Units

Total Loading (Permanent) per pile

Gk

511.40596

kN

Total Loading (Variable) per pile

Qk

144.44444

kN

Table 6.4: Total Loads

Pile Length in FBSC

4.675

m

Pile Length in GC

2.661

m

Pile Between Intermediate layers. Does
not contribute to skin friction

4.3

m
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Total Pile Length

11.636

m

Number of Piles Per Column

3

m

Number of Columns

15

m

Total Number of Piles

45

m

Spacing Between Piles on Pile Cap

2.025

m

Table 6.5: Calculated Design Parameters
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7. SETTLEMENT CALCULATIONS
7.1.

INTRODUCTION

Different types of soils can be encountered on construction sites. Soil characteristics such as
particle size, moisture content and pore water pressure are often required to inform design
and construction decisions.

7.2.

METHODOLOGY

In this project, according to the bore hole tests, there are mainly four types of soil, which
are soft grey clay, firm brown silt clay, slightly gravelly clay, and mudstone. The properties
and basic parameters of these soils are as follows:
Soft Grey Clay
 Depth: 2.4m to 3m
 Saturated unit weight: 17.1 to 17.9 kN/m^3
 Clay content: 37% to 39%
 Water content: 35% to 39%
 Undrained strength: 14 to 20 kPa
 It should be noted that the water was found in this soil layer, the highest water
level at bore hole 19b is 1.1m, while the highest water level at bore hole 20b is
1.3m.
II. Firm Brown Silty Clay
 Depth: 4.7m to 7.4m
 Saturated unit weight: 19.2 to 19.4 kN/m^3
 Clay content: 32% to 34%
 Water content: 27% to 29%
 Undrained strength: 47 to 55 kPa
III. Gravelly Clay
 Depth: 10m to 13.5m
 Saturated unit weight: 14 to 17 kN/m^3
 Clay content: 14% to 17%
 Water content: 13% to 14%
 Undrained strength: 255 to 279 kPa
IV. Mudstone
 Depth: 14.7m to 16.5m
 Compressive strength: 7.2 to 7.9 MPa
I.
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Soil testing data is displayed in 7.1 below:

Table 7.1: Soil Testing Data

Where w is the water content, PL is the Plastic Limit, LL is the Liquid limit, PI is the Plasticity
Index, cu is the undrained strength/cohesion, c' is the effective cohesion, and Phi' is the
effective friction angle. The soil types of the borehole locations are soft grey clay, firm
brown silt clay, Very stiff grey slightly sandy slightly gravelly clay and mudstone from the
surface to bottom. The distribution of the soil is as shown in figure 7.1:

Figure 7.1: Underlying Soil Distribution
The capacity to support foundations decreases as the order: bedrock, sand and gravel, medium to
hard clay, slits and soft clay, organic soil, peat. In this project, according to the types soil, the stiff
gravelly clay is an ideal ground condition to support the foundations.

7.3.

SUMMARY OF SETTLEMENT CALCULATIONS

Settlement of piles tends to be relatively low when compared to shallow foundations. In this project,
as pile groups are used in foundations, elastic settlement and consolidation settlement for pile
groups should be considered. Parameters used in this calculation are listed in table 7.2
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Table 7.2: Settlement Calculation Parameters
The assumed soil Young’s modulus is the soil layer where the head of pile is in. As the pile is 11.636
meters long which the end of the pile is in the layer of Very stiff grey slightly sandy slightly gravelly
clay. According to Pinkuru’s (2017) report, the Young’s modulus design value of this clay can be
choose from 50 to 250 MPa. In this calculation, the soil Young’s modulus is assumed as 80 MPa.
Similarly, the poisson’s ratio is assumed as 0.2. Also, as the material of pile is concrete, the pile
Young’s modulus is assumed as 30000 MPa.
The settlement of the pile head is:

Where Q is the load applied to the pile, L is the pile length, Es is the soils Young’s modulus and Ip is
an influence factor depending on the soils Poisson ratio. The Ip can be chose from figure 7.2.

Figure 7.2: Ip Ranges
Where D is the diameter of piles and H is the thickness of the soil layer (to a stiff layer).
The elastic shortening of the pile can be computed from:
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Where Qavg is the average pile load carried by the pile shaft, Ap is the area of the pile cross section
and Ep is the Young’s modulus if the pile material. In this project, it is assumed that the Qavg is equal
to the Q value.
As pile groups are used in the foundation, settlement of a pile group under a similar working load
per pile, usually increases with the width of the group. So the value of Se need to be correct by a
factor. Vesic (1969) suggest that the settlement of a pile group can be written as:

Where Bg is the width of the group and D is the diameter of the pile. The final result of the
calculation is shown in Table 7.3.

Table 7.3: Final Settlement Results
Eurocode 7 suggests that total settlements up to 50mm are often acceptable for normal structures
with isolated foundations. The total settlement is 2.7mm which meet the requirement of EC7.
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APPENDIX 1: SITE INVESTIGATION BUDGET
Total Budget: Site Investigation
Task
Preliminary Site Investigation
Detailed Site Investigation
Lab Testing

Total Budget
Total Cost

Cost % Budget
Details
€2,150.00 12.65% Microgravity, Seismic Refraction
€9,740.00 57.29% Boreholes, SPT, Lab Tests
€4,500.00 26.47%
Lab Testing

€17,000.00
€16,390.00

Remaining Funds

€610.00

Table A1.1: Total Budget
Preliminary Site Investigation: Geophysical
Data
Test
Mobilization

Zone
All
18-20, 1315
18-20, 1315

Microgravity
Seismic Refraction

Price
Reasoning
€550.00 Needed to test
Test for cavities & fault
€1,000.00 location
€600.00 Depth to bedrock

Budget
Total Cost
Percent Spent

€17,000.00
€2,150.00
12.65%

Remaining Funds

€14,850.00

Table A1.2: Preliminary Investigation Budget
Detailed Investigation: Boreholes,
Etc.
Process
Mobilization

Zone
Price
N/A €1,750.00
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Reasoning
*needed

S&A boreholes (4)
Disturbed Sample (4)
UT100 sample (2)
U100 sample (3)
Piston Sample (3)

18,19,20 €2,200.00
18,19,20
€40.00
18,19,20
€160.00
18,19,20
€150.00
18,19,20
€240.00

RC boreholes (triple) (2)
SPT (S&A) @ 2 m centres (2)

18,20 €5,000.00
18,20
€200.00

Budget
Total Cost
Percent Spent

€14,850.00
€9,740.00
57.29%

Remaining Funds

confirm bedrock, samples
1 per S&A borehole
1 per S&A borehole*
*
*
confirm bedrock, undisturbed
samples
confirm bedrock

*post preliminary exam
*from total budget ~17000

€5,110.00

Table A1.3: Detailed Investigation Budget
Lab Testing
Test
Lab Testing (12)
Standpipe (2)
oedometer test (9)
triaxial test (9)

Price
Reasoning
€1,200.00
classification
€600.00
groundwater levels
€1,350.00 normal stress, soil properties
€1,350.00 shear stress, soil properties

Budget
Total Cost
Percent Spent

€5,110.00
*post detailed evaluation
€4,500.00
26.47% *from total budget ~17000

Remaining Funds €610.00

Table A1.4: Lab Testing Budget
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APPENDIX 2: STRUCTURAL CALCULATIONS
These are located in a separate document titled ‘Appendix 2: Structural Calculations’

APPENDIX 3: CONTRIBUTION OF EACH MEMBER
1. LAURENCE GAULE - 12344641:
1. Develop ‘company’ name and logo
2. Develop the initial document layout and ‘style’ in a proper, technical manner
3. Sections: ‘Introduction’; ‘Background Information and Desk Study’; ‘Engineering
Discussion of Ground Conditions’; ‘Structures’.
4. Pile design calculations, soil profiles, and develop cautious average values; pile
design and structural calculations to EUROCODE.
5. Actively engage in all aspects of the team discussions and meetings.

2. CLAIRE KINCAID- 17207573:
1. Summarize Data in concise manner for site description
2. Track budget and advise on multiple possible courses of action based on current
knowledge of ground conditions and budgeting data
3. Sections: ‘Introduction’; ‘Background Information and Desk Study’; ‘Site Description’;
‘Structures’; ‘Appendix 1’; ‘Appendix 3’
4. Delegate tasks to members, tabulate task lists, and ensure task completion
5. Review pile design calculations, soil profiles, and average values to EUROCODE
Standards; Justify Pile Choice
6. Edit, Format, and Finalize the document in proper, technical manner
7. Actively engage in all aspects of the team discussion and meetings

3. CONOR MCGOWAN- 01331183
1.
2.
3.
4.

Sections: ‘Ground Investigation’; ‘Site Description’
Creating figures and visual aids for ground investigation data
Creating a 3D profile of the underlying soils of the site
Actively engage in all aspects of the team discussions and meetings

4. YUXIANG ZHANG- 16201217
1.
2.
3.
4.

Sections: ‘Engineering Discussion of Ground Conditions’; ‘Settlement Calculations’
Calculating Foundation and Soil Settlement
Translate soil parameters and soil properties
Actively engage in all aspects of the team discussions and meetings

5. PENGRONG WANG- 16213569
1.
2.
3.
4.

Sections: ‘Engineering Discussion of Ground Conditions’; ‘Settlement Calculations’
Calculating Foundation and Soil Settlement
Translate soil parameters and soil properties
Actively engage in all aspects of the team discussions and meetings
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