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The Non-destructive Test (NDT) equipment adopted in the experiment

1. Microwave Moisture Meter (MMM)

2. Surface Moisture Meter (SMM)

3. Multi-channel Ultrasonic Tomography 
(MCUT)

4. Ground Penetrating Radar (GPR)

5. Infrared Thermography (IR)
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Aims of Project:

1. Collect supporting information for drafting the 
Technical manual on MMM proposed by HKCI.

2. Study the relationship between surface moisture 
and MMM result.

3. Suggestion on the use of IR for water seepage 
detection.

4. Review the time required for carry out a water 
ponding test.

5. Review the use of ultrasonic tomography for 
monitoring moisture in concrete.

An abandoned building in To Kwa Wan District
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Experiments Details 

1. No. of water ponding test carried out = 5

2. Detail of water ponding test:

Kitchen x 1, Toilet x 1, bedroom x 1, living room x 1, roof x 2

Location 
of test

Depth of 
water 
(mm)

Duration of 
test

Observation Remarks

Kitchen 150 72 hours Water seepage occur at 10mins 
after water applied. Water 
dripping observed.

There is a severe 
crack along the floor 
slab

Bedroom 150 72 hours No water seepage detected.

Living room 150 72 hours Water seepage occur in the 
adjacent rooms. The ceiling 
underneath maintain in dry 
condition.

Roof (1) 150 72 hours No water seepage detected.

Roof (2) 300 30 hours No water seepage detected.
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Exp 1: Water Ponding Test at 1F2C

1. Determine the location of rebar in concrete 
slab by GRP.

2. Make measurement from the bottom side 
of the slab as datum, including IR, MMM, 
SMM, MCUT. 

3. Take measurement at 2 types of location
i)  at the rebar 
ii) centre point between rebars

4. Pond water (with colour dye) on the 
surface of slab, depth of water = 150mm

5. Make measurement from the bottom side 
of slab at 1 hour interval for 3 days.
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Exp 1: Water Ponding Test at 1F2C

Water ponding of150mm  Observed water seepage from the bottom side of 
slab after 10 minutes of water ponding 
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Exp 1: Water Ponding Test at 1F2C

Open up the floor tile 
after 3-days water 

ponding 

Identified a crack along 
the slab
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Exp 1: Water Ponding Test at 1F2C (Measured at location w/o rebar)
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Exp 1: Distribution of Moisture Index of Water Ponding Test at 1F2C
Time: 0hr (initial reading)

Without interference from rebar

Interfered by rebar

Time: 1hr

Without interference from rebar

Interfered by rebar

Time: 2hrs

Without interference from rebar

Interfered by rebar

Time: 3hrs

Without interference from rebar

Interfered by rebar
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Exp 1: Water Ponding Test at 1F2C (Rebar+Concrete VS Concrete only)
Time: 4hrs

Without interference from rebar

Interfered by rebar

Time: 5hrs

Without interference from rebar

Interfered by rebar

Time: 6hrs

Without interference from rebar

Interfered by rebar

Time: 7hrs

Without interference from rebar

Interfered by rebar

Time: 8hrs

Without interference from rebar Interfered by rebar
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Exp 3: Point Source at Roof Floor
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Effectiveness of the MMM in Moisture Measurement

1. The MMM is sensitive to moisture and rebar in concrete.

2. Proven that rebar in concrete interferes the reading of MMM. The 
difference in Moisture Index may reach 23%.

3. Penetration strength of MMM probe varies against the moisture content 
of concrete. In general, penetration strength reduce with increase of 
moisture content.

4. Subject to the proper use of MMM, the technology is effective for 
moisture detection in concrete.

TL7

Concrete

Rebar+Concrete
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Recommendation on the use of MMM

1. Locate layers of rebar and voids in concrete by GPR. 

2. For consistent measurement, take reading at the 
mid-point between rebars.

3. Moisture index contours prepared by different 
MMM probes shall not over-lay for tracing the 
“source of moisture”.

4. Shall carry out further study on the interference 
from rebar on different probe of the MMM. 
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Recommendation on the use of MMM

7. Shall carry out further study to bench mark the 
moisture index and moisture content for local 
concrete.

8. The bundled software for plotting the moisture 
contour do not able to cater “omitted” data in grid 
measurement. Suggest to use alternative software 
for plotting contour when there are obstructions in 
data collection resulting “omitted” data in grid 
measurement.

9. To adopt time lapse measurement to verify the cause 
of water seepage.
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Findings and Recommendation on the Use of Surface Moisture Meter for Moisture Measurement

1. The SMM is a 1-dimensional measurement meanwhile the MMM is 3-dimensional.

2. There is no direct relationship between the data from SMM and MMM. 

3. Correlation between surface moisture content by SMM and moisture index determined by 
MMM is improper.

4. The surface moisture content contour may read in conjunction with the infrared thermograph 
for interpretation. However, there is no direct relationship between the surface moisture 
content and the change in surface temperate.

5. Similar to corelated concrete compressive strength by 
surface hardness measurement for hardened concrete, the 
reported surface moisture shall be an average of a small 
area instead of a single point measurement. This 
reduces the uncertainty during measurement.

6. Alternatively, adopt the average of repeated measurement 
(at least 3 measurements) at a sampling point to minimize 
uncertainty.

7. Calibration of equipment.
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Findings and Recommendation on the Water Ponding for Moisture Measurement

1. For floor slab, when carry out water ponding test with water depth of 100mm and pond for 72 
hours, water seepage occur at 24 hours after water applied.

2. For roof slab, when carry out water ponding test with water depth of 300mm and pond for 48 
hours, water absorption observed but no seepage occur at ceiling underneath.

3. Current practice is 1-2 hours ponding at 15mm water depth, it is not adequate to trigger 
water seepage.

4. The duration of ponding and water depth inversely proportion.

5. Further study on the relationship duration and water depth. In general, shall be a serial of 
combinations on duration and water depth instead of fixed value.
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Findings and Recommendation on the Use of Multi-channel Ultrasonic Tomography for Moisture 
Measurement

1. Researches proven that the propagation velocity of ultrasonic wave 
decrease as the moisture content in concrete decrease, under 
approximately in linear proportion. 

2. The use Multi-channel Ultrasonic Tomography (MCUT) simplified the 
process of data collection and analysis (compare against traditional in-
direct measurement by pairs of probes)

3. To carry out further study on the relationship between moisture content 
and ultrasonic wave propagation velocity. 

4. With known concrete thickness, the MCUT not only provides the 
propagation velocity, but also the other information about the measured 
concrete mass such as the presence of void and re-bar. These 
information enhance the interpretation of result.

v

m
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Exp 1: Water Ponding Test at 1F2C (Concrete + Rebar VS Concrete Only)

Interfered by rebar Without Interference
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Findings and Recommendation on the Use of Infrared Thermography for Moisture Measurement

1. Follow the requirements stated in TM1, Detection of Building Surface Defect by Infrared 
Thermography”, Published by Hong Kong Concrete Institute.

2. To adopt time lapse infrared thermography. By comparing the thermograms from different time to 
verify the cause of water seepage.

3. The surface moisture content contour may read in conjunction with the infrared thermograph for 
interpretation. However, there is no direct relationship between the surface moisture content and 
the change in surface temperate.

Time Lapse Infrared Thermography
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Findings and Recommendation on the Use of Ground Penetrating Radar to Assist 
Moisture Measurement by MMM

1. Follow the requirements stated in TM2, Determination of Concrete Cover and Distribution of 
Steel Bar by Surface Penetration Radar, Published by Hong Kong Concrete Institute.

2. Prefer to use the GPR for determining the location of near-side and far-side rebar in concrete. 

3. When GPR is not available, use covermeter to determine the location of near-side rebar. 

4. When there is un-reasonable MMM result which may result from the presence of void in 
concrete, shall apply GPR for verification.
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Recommendation on the use of MMM

The bundled software for plotting the moisture contour do not able to cater “omitted” data 
in grid measurement. Suggest to use alternative software for plotting contour when there 
are obstructions in data collection resulting “omitted” data in grid measurement.
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