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Sampling & 
Testing

Sampling and testing (“Ujian”)

 Core sampling
 Carbonation
 Petrographic analysis
 Half-cell potential 
 Rebound hammer 
 Ultrasonic pulse velocity
 Cover measurement
 Rebar size & location
 Chloride & sulphate tests

DETAILED PHASE

Structural Assessment Process (3)
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 Apabila struktur sedia ada diubahsuai

 Apabila timbul keraguan terhadap struktur akibat kualiti
pembinaan yang tidak memuaskan, kes kebakaran dll.)

 Apabila penilaian konkrit diperlukan pada peringkat pembinaan

 Apabila ujian mampatan konkrit piawai tidak dipatuhi (non-
conformance)

 Apabila penilaian pematuhan konkrit telah ditetapkan dalam
spesifikasi atau piawaian sesuatu produk

Keperluan Ujian Bahan (MS EN 13791 2014):
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Kaedah Ujian untuk Penilaian Konkrit
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Standard Penilaian Konkrit
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Standard Penilaian Konkrit
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Peranan Jurutera di Tapak
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1. Cover-meter Survey

2. Rebound Hammer

3. Windsor Probe 

4. Carbonation

5. Hall-cell Potential

6. Ultrasonic Pulse Velocity (UPV)
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COVER-METER SURVEY

 Juga dipanggil rebar detector  / rebar 
scanner

 Tujuan:

 Semak perincian sebenar komponen
struktur i.e. concrete cover,bar spacing, 
bar diameter

 Semak kedudukan tetulang keluli
sebelum rebound hammer atau
‘coring’

BS 1881 Part 204 : 1988
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Hilti Ferro Scan

Proceq Profometer

COVER-METER SURVEY
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COVER-METER SURVEY
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COVER-METER SURVEY

Kekurangan: 

1. Keputusan dipengaruhi oleh kehadiran lebih dari satu jenis keluli seperti kawasan
tindihan, lapisan kedua, dawai pengikat & penyokong keluli

2. Tidak sesuai pada struktur dengan pemasangan keluli yang rapat

3. Keputusan dipengaruhi oleh tahap pengaratan tetulang keluli (scaling)

4. Gangguan berlaku di kawasan paip besi, conduit elektrik, bingkai pintu & tingkap besi

5. Untuk ketepatan maksimum, peralatan perlu dikalibrasi bagi menghapuskan kesan
kandungan besi (iron) dalam agregat dan simen

6. Ketepatan bacaan berkurangan sekiranya permukaan konkrit kasar atau tidak rata
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REBOUND HAMMER

 Alat paling popular 
 Ujian berdasarkan prinsip kekuatan pantulan

(elasticity) terhadap kekerasan permukaan
konkrit

 Kekuatan diekspresikan dalam “rebound 
number”

Tujuan:

 Menilai tahap keseragaman in-situ konkrit
dengan mengasingkan zon/kawasan yang 
lemah atau bermasalah.

 Boleh memberikan anggaran kekuatan
mampatan konkrit menggunakan proses 
korelasi yang sesuai.

MS EN 12504 Part 2: 2013
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REBOUND HAMMER

Jumlah bacaan disyorkan:

- 9 atau 12 bacaan setiap lokasi
- Average or median? 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


REBOUND HAMMER

Guna graf untuk dapatkan anggaran kekuatan
mampatan konkrit
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Electronic Concrete Test (ECT)
@ Electronic Rebound Hammer

* Bacaan kekuatan mampatan konkrit
boleh diambil terus dari ‘display’. Tak 
perlu rujuk graf.

REBOUND HAMMER

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


WINDSOR PROBE

 Penetration Resistance Test atau Windsor 
Probe Test (komersial) 

 Ukur rintangan konkrit terhadap tusukan
proba (rod keluli)

 Tujuan:

 Menilai tahap tahap keseragaman in-
situ konkrit dengan mengasingkan
zon/kawasan yang lemah atau
bermasalah.

 Boleh memberikan anggaran kekuatan
mampatan konkrit menggunakan proses 
korelasi yang sesuai.

BS 1881 Part 207: 1992
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Measuring 
unit 

WINDSOR PROBE

Probe

Driver unit

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


Driver Unit:   Powder-actuated device that capable of driving 
the probe into the concrete with an accurately 
controlled energy

Probe: Bolt of hardened steel alloy. Generally 6.35mm 
in diameter and 79.5mm in length and can penetrate 
up to 40mm into concrete 

Measuring Unit: To measure and record the exposed length 
(above original surface) of probe to the nearest 
0.5mm

WINDSOR PROBE
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WINDSOR PROBE

Positioning the driving unit 
with probe before fire into the 
concrete

* LESEN: 
Sama seperti lesen memiliki
senjata api
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WINDSOR PROBE

Exposed probe embedded in 
concrete structure 
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WINDSOR PROBE

Measuring the exposed probe 
length
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WINDSOR PROBE

Typical Windsor Probe 
correlation
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CARBONATION IS ONE OF THE MAIN CAUSES 
OF CORROSION OF STEEL IN CONCRETE, 

THE OTHER IS CHLORIDE ATTACK

Ca(OH)2  +   CO2 CaCO3  +   H2O

Calcium hydroxide Calcium carbonate
(from cement paste)

CARBONATION TEST

BS EN 14630: 2006
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TUJUAN: 

Sebagai petunjuk bagi mengesan kehilangan sifat kealkalian pada
konkrit (pHdrop from 13 to below 9). Konkrit akan menjadi berasid
dan ia akan menyebabkan pengaratan tetulang keluli

2 Kaedah ujian dijalankan:

(a) Menggunakan ujian teras (core)

(b) Mengunakan kaedah ‘drill’ (concrete dust sample)

CARBONATION TEST
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Core specimen ready for 
carbonation test

Spraying phenolphthalein solution 
on a core sample 

CARBONATION TEST

1. Kaedah core
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Measuring the carbonation 
depth of a core sample

Colourless Pink

1 7 10 14

pH

CARBONATION TEST

1. Kaedah core
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Drill dan ambil sampel pada setiap kedalaman 10mm, 
20mm, 30mm, 40mm, 50mm

Sampel pada setiap kedalaman akan disembur
dengan phenolphthalein. 

Contoh:

 Jika pada kedalaman 10mm, serbuk (dust) tidak bertukar pink, 
pengkarbonatan telah berlaku.

 Jika pada kedalaman 20mm, dust tidak bertukar pink, pengkarbonatan
telah berlaku

 Jika pada kedalaman 30mm, dust bertukar pink, tiada pengkarbonatan.

 Oleh itu, kita boleh simpulkan ‘carbonation depth’ = 20mm 

CARBONATION TEST

2.Kaedah concrete dust
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 Penutup = 35mm
 Carbonation depth = 20mm

 Keluli tetulang masih selamat dan tidak berkarat (belum
bertindak balas)

Bandingkan dengan tebal penutup konkrit

CARBONATION TEST

2.Kaedah concrete dust
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HALF-CELL POTENTIAL 

 Virtually non-destructive techniques to determine the probability of 
rebar corrosion

 Able to estimate the corrosion risk of steels even if there are no signs 
of corrosion on the concrete surface.
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HALF-CELL POTENTIAL 

 Identify areas with corrosion activity for further analysis (chloride test, 
carbonation, flaws or permeation) to establish the cause of corrosion 
and estimate remaining service life.

 Copper / copper sulphate half cell as per ASTM C-876

 Corrosion survey of suspected concrete structure such as:
 Bridge decks
 Parking basement / garage
 Concrete piers & docks
 Substructure
 Tunnel lining
 Foundations
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HALF-CELL POTENTIAL 

Half cell 
voltmeter

Half cell probe Crocodile 
clip

Rod

• Half cell probe 
– move about on 
surface to measure potential of 

reinforcing steel at various 
location

• Half cell voltmeter 
– measure and record electrical 

potential

• Crocodile clip 
– to connect the steel rebar to 

voltmeter

• Rod 
– to support half cell probe for 

testing on soffit at high level 
e.g slab
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HALF-CELL POTENTIAL 

Prosedur Ujian

Scanning the rebar
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Prosedur Ujian

Marking the testing grid

HALF-CELL POTENTIAL 
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Prosedur Ujian

Chip off coating / plaster and 
clean the surface of test 
location by wire brush

HALF-CELL POTENTIAL 
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Prosedur Ujian

Hacking of concrete surface to expose 
the reinforcement to make a direct 
electrical connection

HALF-CELL POTENTIAL 
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Prosedur Ujian

HALF-CELL POTENTIAL 

Spray water to the testing grid to 
moisten the concrete surface
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Prosedur Ujian

Measure and record the 
reading as showed on 
voltmeter (in mV)

HALF-CELL POTENTIAL 
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Range (mV) Probability of Corrosion (%)
< -350 95%

-200 to -350 50%
> -200 5%

Interpretation of 
test result

HALF-CELL POTENTIAL 
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ULTRASONIC PULSE 
VELOCITY 

 Mengukur masa transit gelombang ultrasonic 
menerusi jarak laluan yang diketahui dalam sesuatu
komponen konkrit. 

 Kaedah yang cepat & mudah tanpa merosakkan
struktur konkrit

 Tujuan:

 Menilai tahap keseragaman in-situ konkrit
dengan mengasingkan zon/kawasan yang lemah
atau bermasalah.

 Boleh memberikan anggaran kekuatan
mampatan konkrit menggunakan proses korelasi
yang sesuai.

MS EN 12504 Part 4: 2013
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Calibrator 
block

ULTRASONIC PULSE 
VELOCITY 

Grease 
oil

Voltmeter

Battery 
charger

Connecting 
wire

Transducer 
(transmitter & 

receiver)
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Transducers Direct method

ULTRASONIC PULSE 
VELOCITY 
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Semi Direct Method Indirect method

UPV =   Path Length 
Transit Time

km/s

ULTRASONIC PULSE 
VELOCITY 
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Relationship between compressive 
strength and UPV

ULTRASONIC PULSE 
VELOCITY 

i) Dapatkan nilai pulse velocity 
daripada formula

ii) Tentukan jenis struktur atau
bahan yang diuji

iii) Dapatkan anggaran kekuatan
mampatan konkrit daripada
graf

High pulse velocity readings are 
generally indicate a good quality 

of concrete

The presence of reinforcement 
can influence the measurement
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Pulse velocity (km/s) Indication

> 4.50 Very good to excellent

3.50 – 4.50 Good to very good – porosity slightly may exist

3.00 – 3.50 Satisfactory - loss of integrity is suspected

< 3.00 Poor – loss of integrity exist

Interpretation of test result

ULTRASONIC PULSE 
VELOCITY 
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1. Concrete Core

2. Steel Tensile Strength Test

3. Petrographic Analysis

4. Verification of Steel 

5. Pull-off Test
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CONCRETE CORE

 Paling popular dan kaedah yang paling tepat
 Kaedah secara langsung

 Tujuan:

 Mendapatkan anggaran kekuatan mampatan
konkrit
 Sampel teras juga boleh digunakan untuk:

- penyerapan air (water absorption)
- ketumpatan konkrit
- kedalaman keretakan
- pemerhatian visual (honeycomb, 

agg.distribution, segregation etc.) 

BS EN 12504 Part 1: 2009
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CONCRETE CORE

Specimen size

 Core diameter: 50mm, 75mm, 100mm, 150mm

 Diameter/max agg. size ratio  > 3
 100mm (max. aggregate 20mm)
 150mm (max. aggregate 40mm)

 Length: 1.0 ~ 1.2 x diameter (extract)

 Length/diameter ratio
 2.0 (compare with cylinder strength)
 1.0 (compare to cube strength)

 Core with transverse / longitudinal steel???L/d > 1 (decrease strength)
L/d < 1 (increase strength)
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CONCRETE CORE

Coring 
machine

Coring machine 
stand

Core bit

Screw driver, chisel & 
hammer

Water 
pump

Anchor bolt

Drill 
equipment

Safety 
socket
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Coring & extracting core from the structure

CONCRETE CORE
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Trimming & capping of core 
- High alumina cement  + fine sand > 50Mpa
- Sulphur + fine sand < 50Mpa

CONCRETE CORE
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Store the specimen in water Testing for core comp.strength
When??? 

Constant rate of loading 
= 0.6 ± 0.2 Mpa/s

CONCRETE CORE

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


Result:
 Core compressive strength

 Convert  to estimated in-situ 
cube strength as per BS 
6089: 1981 Clause 5

CONCRETE CORE
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Pemerhatian - kedalaman keretakan (crack 
depth)

CONCRETE CORE
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STEEL TENSILE 
STRENGTH TEST

 Juga dipanggil rebar test 

 Biasanya dijalankan pada struktur yang terdedah
kepada kebakaran (mikrostruktur keluli mungkin
berubah kesan daripada suhu kebakaran

 Juga dijalankan pada struktur yang disyaki gagal
aspek rekabentuk / pembinaan

 Tujuan:

 Untuk mendapatkan ‘tensile strength’ bagi
tetulang keluli dan BRC
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STEEL TENSILE 
STRENGTH TEST

i) Pecahkan konkrit di sekeliling
tetulang keluli

ii) Potong sampel keluli sekurang-
kurangnya 300mm

iii) Ujian dengan tensile test machine
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STEEL TENSILE 
STRENGTH TEST

 Bandingkan fy yang diperolehi dengan
tensile strength asal keluli. 

 Analisis semula struktur
 Jika gagal, struktur tersebut perlu

diperkukuhkan
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STEEL TENSILE 
STRENGTH TEST
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PETROGRAPHIC 
ANALYSIS

 Detailed study carried out by visual and optical 
microscopy

 Can provide unique and valuable information 
regarding the ingredients, properties and 
condition of hardened concrete samples

BS 1881 Part 211:2016
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PETROGRAPHIC 
ANALYSIS

Sample reference C6
Cement content (kg/m3) 262
Fine aggregate content (kg/m3) 925
Coarse aggregate content (kg/m3) 945
Ratio of cement, sand and coarse 
aggregate (by mass)

1 : 3.53 : 3.61
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PETROGRAPHIC 
ANALYSIS

Sample reference C6

Aggregate Coarse aggregate Mostly granite + one piece diorite
Fine aggregate Quartz

Cement paste Type Portland cement + silica fume

Homogeneity Good

Degree of hydration High

Apparent w/c ratio 0.60 – 0.65

Paste cracks Micro (<0.01 mm) High amount

Fine -

Coarse (>0.1 mm) -

Others Secondary reaction -

Ca(OH)2 Some in the paste

Compaction pores (%) 4.2

Carbonation Outer surface 5 mm

Crack -
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PETROGRAPHIC 
ANALYSIS

Sample reference C6
Cement matrix Ordinary Portland Cement is used. The cement is 

observed to be well hydrated with presence of 
hydration zone of cement grain (Alites)

Homogeneity of the mix Under the fluorescent light, sample paste shows poor 
homogeneity

Others - Estimated w/c ratio: 0.45 – 0.55
- There was no gel (reaction product) observed on 

the aggregates and cement matrix, hence there 
was no likely of any major ASR or ACR occurred in 
the core sample at this point

- There was also no Ettringite crystal observed, 
hence there was unlikely of DEF in the core sample 
at this point
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VERIFICATION OF STEEL
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VERIFICATION OF STEEL

Marking & hacking works
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VERIFICATION OF STEEL

Measure and record the reading
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PULL-OFF TEST

BS 1881 Part 207: 1992
MS 26 Part 3: Cl 1.2.20

 Assessment of concrete surface 
strength

 Near-to-surface test

 Dry & flat concrete surface

 Correlation should be established 
to get estimate strength 
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Digital manometer

PULL-OFF TEST

Hydraulic pump
Piston

Device 
plate

Draw 
bolts

Test disc

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


PULL-OFF TEST

Kaedah ujian

Terdapat dua (2) kaedah ujian:

i) Test disc dilekatkan pada permukaan konkrit
- digunakan apabila tiada keraguan bahawa konkrit

di permukaan adalah seragam pada
keseluruhan konkrit

ii)     Test disc dilekatkan pada permukaan konkrit
yang ditebuk

- digunakan untuk mendapatkan kekuatan lapisan
konkrit yang lebih dalam

* A thin uniform layer of adhesive (recommended 2.0 – 3.0 mm) & allow to cure 
1.5h – 24h)
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PULL-OFF TEST
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PULL-OFF TEST

Measure and record the reading & failure mode 
(concrete or adhesive)

Test disc

ConcreteAdhesive

Tensile strength = failure stress
area N/mm2
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MATERIAL TESTING PLAN

1. Scope of Works
2. Test Methodology
3. Drawing
4. Bill of Quantities
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1. Sedia jadual perancangan kerja

2. Laksana ujian bahan mengikut jenis, lokasi & bilangan yang 
ditetapkan atau seperti arahan PP

3. Pastikan keselamatan penguji / pengguna bangunan sepanjang
tempoh ujian

4. Baikpulih struktur di lokasi yang terlibat (reinstatement works)

5. Sedia laporan yang komprehensif

SKOP KERJA
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METODOLOGI UJIAN 

1. Mengimbas komponen struktur bagi mengelakkan terkena
tetulang keluli

2. Lakaran grid pada komponen struktur yang diuji

3. Membuang lapisan lepaan / kemasan sebelum ujian

4. Mengikut prosedur dan piawaian seperti ditetapkan dalam
Malaysian Standard atau Bristih Standard

5. Memastikan sampel tidak terjejas
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METODOLOGI UJIAN 

6. Sebarang perubahan lokasi ujian perlu dimaklumkan kepada PP 
atau pihak Forensik

7. Memastikan semua peralatan dikalibrasi dan berkeadaan baik
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 4 set Laporan Ujian Bahan mengandungi:
- maklumat ujian
- kaedah kerja yang dijalankan
- lokasi sebenar ujian
- keputusan lengkap ujian
- gambar sampel

 Laporan dan lukisan hendaklah disahkan oleh Jurutera Profesional yang 
berdaftar dengan BEM 

Laporan Ujian Bahan

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com


Material Testing Plan

Material test location 
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In-situ & laboratory material test

Material Testing Plan
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Procedure of material test / sampling

Material Testing Plan
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Bill of quantities for material test

Material Testing Plan
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TERIMA KASIH
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