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Abstract--Concrete structures are subjected to various types 
of surface defects such as honeycombs, surface voids, form 
streaking, etc. Proper understanding of the root causes of each 
type of defect is significant in preventing recurrence as well as 
applying remedies. An extensive field survey was conducted in 
connection with the construction sector of Sri Lanka to gather 
information on the current practices. It was found that the 
construction industry needs more awareness on correct 
practices. This study attempts to fill the gap between current 
field practices and standard practices. Poor workmanship in 
consolidation of fresh concrete leads to most of the defects, but 
this study shows how the understanding of technical 
background of each activity and the proper planning at initial 
stages contribute to effortless improvements in workmanship. 
Contradictions between codes of practices for design of 
reinforced concrete and codes of practices for consolidation of 
concrete were taken into consideration under this study. In 
order to identify the locations of hidden honeycombs, a series of 
UPV tests (conventional approach) were performed, 
quantitative and qualitative analysis of them has been provided 
under this study. It has shown the importance of moving to 
modern non-destructive evaluation approaches for such 
scenarios. 

Keywords Honeycombs, Non-destructive evaluation, 
Consolidation, Concrete, Vibration 

I. INTRODUCTION 

One of the most common defects in concrete structures is 

nest, are cavities left in either surface or inside of hardened 
concrete mass. Hardened concrete consists of aggregates, 
cement paste and bug holes [1]. Homogeneous mixing of 
these components and expelling of entrapped air in concrete 
mix are crucial for a honeycomb free structure [2]. Proper 
compaction of concrete does a major role in this regard. There 
are many studies on explaining what really happens to fresh 
concrete when compacting/vibrating; yet understanding of 
the interaction between vibration and fresh concrete is open 
for study. 

 
There are standards and codes of practices for vibration of 

fresh concrete, but in practice, less attention has been given 
for such standards and there are some contradictions between 
codes of practices for design of reinforced concrete and codes 
of practices for consolidation of concrete as well. This study 
focuses on the missing link that connects standard practices 
and current field practices. As per the field survey carried out 
in local construction sector, defects and the remedies related 
to honeycombs are often related to the processes followed 
locally or individually. Hence the proper understanding of the 
root causes of each type of defect is significant. 

 
Based on the field surveys, it was figured out that the poor 

workmanship in consolidation of fresh concrete seems to be 
the most common cause for honeycombing. However, the 
actions that can be taken at the design stage of the structure 
and proper planning at construction stage leads to effortless 
improvements in workmanship of consolidation of concrete. 
Understanding the root causes for formation of honeycombs, 
remedies, methods used for consolidation of concrete and 
identification of honeycombs are the key areas of this study. 
Surface defects can be identified by visual inspections while 
core-defects (honeycombs in the core of the element) remain 
hidden. Identification of core-defects is a challenging task. In 
the construction industry, there are numerous examples of 
instances where these honeycombs are not properly identified 
during the construction period, which were costly to repair 
later. Failure to identify these defects can lead to failure of 
the structure causing loss of life and property. 

 
Objectives of this study are to do an extensive field survey 

on occurrence of honeycombs in concrete structures and to 
observe the remedial actions in practice, and providing 
guidelines for contractors to achieve honeycomb free 
structures based on the findings of the field survey. Further, 
this study highlights the importance of pre-planning at initial 
stages to avoid honeycombing. 

II. LITERATURE REVIEW 

Understanding the consolidation of fresh concrete is 
important for a study on honeycombs. Kolek [2] has shown 
that the process of consolidation occurs in two stages; they 
are the slumping of concrete and the removal of entrapped 
air. The force applied to the concrete, amplitude of vibration, 
and the number of vibrations transmitted to the concrete are 
the most important factors affecting the degree of 
consolidation [3]. Alexander [4] commented on the 
mechanics of motion of fresh concrete. He showed that 
during vibration, stiffness and damping practically disappear 
and only mass was involved. 
 

5] have done a study on the mechanism of 
consolidation under vibration and shown that vibration sets 
particles in the mix to motion and eliminates internal friction 
of them. They have shown the differences of concrete at rest 
and during vibration. During vibration concrete undergoes 
two stages such as rapid subsidence of the uncompacted 
mixture and the removal of entrapped air. After this 
transformation, the vibratory motion was controlled by the 
mass forces with little or no effect from stiffness or damping, 
which tells that the concrete during vibration behaves like a 
fluid. Therefore, over vibration leads to more and more 
subsidence of materials and ends up in segregation. 



Galappaththi et al. [6] have listed main causes for structural 
defects and the remedies practiced in local construction 
sector. They have shown that the lack of adhering to quality 
assurance and quality control guidelines and relevant 
standard practices as a critical drawback in the Sri Lankan 
construction industry. Code of practice for use of immersion
vibrators for consolidating concrete; an Indian Standard [7] 
gives a vast knowledge on standard ways of using immersion 
vibrator. Further, ACI committee 309 reports [8],[9], and [10] 
give more knowledge and guidance on consolidation of 
concrete, behavior of fresh concrete during vibration and 
identification and control of visual surface defects. 

Rebound hammer and ultrasonic pulse velocity (UPV) 
tests are the most commonly used test methods for 
identification of honeycomb defects in structural concrete 
elements [11
element by these methods, only selected areas can be 
examined [12]. These non-destructive evaluation (NDE) 
methods are considered as conventional approaches. They are 
well developed and accepted by the industry. Modern NDE 
methods such as vibration-based inspection methodologies 
are still under development and the industry is not much 
familiar with those [13]. 

Alexandre et al. [14] have used UPV and rebound hammer 
tests along with contour mapping technique in order to 
identify the presence of heterogeneous regions inside the 
tested structure. The images generated using indirect UPV 
measurements had been clearer than those generated by direct 
measurements and explained it as indirect measurements 
encompass a border portion of concrete.

For civil structures, vibration-based, global non-
destructive evaluation techniques are effective in assessing 
the condition of the overall structure [15]. But this does not
mean that vibration based NDE techniques cannot be utilized 
for single elements. Localized NDE techniques can be 
utilized upon identification of a damage location, and the 
severity of the damage in an element of a structure [16]. 
Therefore, minimizing the occurrences of honeycombs as 
well as proper identification of honeycombs are the key areas 
to be improved to control the negative impacts.

III. FIELD SURVEY

Field survey on honeycombs was done considering several 
aspects such as reasons for honeycombing, possible locations 
of honeycombing and ways of minimizing occurrences. 
Survey was carried out in several local construction sites. Key 
findings of the survey have been listed here.

A. Defects in a concrete retaining wall due to poor
workmanship in compaction of concrete.

Fig. 1. Surface Honeycombing

Fig. 1 shows a surface defect observed in the bottom of 2nd

lift of 225mm thick concrete retaining wall (RW). 25mm 
diameter immersion vibrator had been used for compaction 
of concrete. The rebar detailing of the RW had enough space 
for flow of concrete and insertion of needle vibrator. But the 
needle vibrator compaction had not been carried out in a 
certain volume of fresh concrete; hence the proper surface 

The un-consolidation of the concrete is visible to outside as 
smooth surface finish was not achieved in subjected area. 
However, this does not mean that the defect is only on the 
surface. Some contractors just close these defective surfaces 
either by mortar or a grouting material, not knowing how far 
inside the unconsolidated concrete exist. At least a UPV test 
must be carried to identify the damage inside.

B. Defects in concrete shear wall due to reinforcement bar 
congestion.

Fig. 2. Non-concreted pocket in a shear wall

. 2 is due to rebar 
congestion. 25mm and 40mm diameter needle vibrators had 
been used for compaction of concrete. Defective location was 
congested with rebar detailing. It was observed that 25mm 
and 20mm diameter rebars were lapped in same location 
blocking the flow of concrete. Here, the reinforcement 
engineer has to work on lapping locations considering the 
flow of concrete as well.

C. Defects in inclined concrete column due to difficulty in 
compaction.

Fig. 3. Honeycombing found near outer surface of an inclined concrete
column.

Honeycombs were observed in several inclined columns of a 
structure (Fig. 3). 25mm immersion vibrator had been used 
for the compaction of concrete and as per reinforcement 
detailing, there was enough space for inserting needle 
vibrator. Special feature of these rectangular columns was its 
inclination. Vibrator compaction of the bottom of the inclined 
outer face was difficult due to this. That created defective 
areas. 



Column lift height was 1m to avoid segregation in placing 
concrete. Flexible hoses had been used to place the concrete 
to corners under inclination. The ideal option could have been 
having self-compacting concrete (SCC). Thereafter, to avoid 
repetition of this in remaining set of inclined columns, the 
needle vibrator had been attached to a steel rod and continued 
the compaction in unreachable corners of the column. But 

D. Reinforcement bar congestion at a junction of four 
beams.

Fig. 4. Rebar congestion due to impractical reinforcement detailing

Next observation was a location where four upstand beams 
were connecting to a column, where the column size was also 
reducing. Hence some outer column rebars had been 
terminated (see Fig. 4). As per the column terminating 
detailing by the structural designer; terminating bars need to 

was no inserting space for beam rebars once the column head 
rebar works were done. Root cause of this issue is the 
impractical detailed design of reinforcement and element 
sizing. Secondly, execution team should have taken this issue 
to the design consultants prior to the execution at site. But 
that needs more involvement in proper planning. The 
challenge here was that design consultants need to give a 
solution to this without effecting to the progress of the 
project. As a solution, upstand beam width was increased and 

were cut as approved by the designers and several more 
changes were done to beam sizing and rebar detailing. This 
made a considerable impact on the project progress.

E. Surface defects due to concrete slurry leakage.

Fig. 5. Defects due to concrete slurry leakage from mould joints

This was a rectangular concrete column. Compaction had
been done with a 25mm needle vibrator with no issue with re-
bar congestions. But a concrete slurry leakage had taken place
during the vibration due to improper mould joint preparation 
and resulted in creating a defective surface as shown in Fig.5.

F. Defects due to embedded parts

Fig. 6. Defective surfaces around embedded parts in the structure

Observation shown in Fig. 6 was found in a shear wall 
where embedded parts took place. 25mm and 40mm needle 
vibrators had been used for compaction. Rebar arrangement 
was not obstructing the compaction process, but embedded 
parts did, and these are the locations where mouldings need 
to be customized. There is a possibility to have improper 
mould joints around the embedded parts and that leads to 
concrete slurry leakages as well, resulting in defective 
surfaces.

G. Defects due to misalignment of formwork/mould

The observation in Fig. 7 is a location where the formwork 
was mis-aligned to the kicker of the wall. Hence there had 
been a slurry leakage from the gap, and it has created a 
defective surface.

Fig. 7. Surface defects found at the bottom of shear wall

H. Defects due to inadequate application of form oil

Fig. 8. Surface defects due to inadequate application of form oil

Form oil had not been applied properly for the plywood 
boards, hence there had been a difficulty in removing boards. 
In several locations, the surface cement paste had been 
sticked to the formwork and created defective surfaces as 
shown in Fig.8. This could be observed in several locations 
of the same element.



Understanding the aforementioned root causes for defects 
is important in preventing recurrence of the same in up-
coming activities of a project. 

IV. ANALYSIS OF DATA GATHERED FROM FIELD SURVEY 
TABLE I 

Number of occurrences for each root cause for honeycombing 
out of 30 construction sites. 

Consider the data in Table I,  
 Honeycombing due to re-bar congestion. 
 Honeycombing due to unreachable locations in the 

complex structural elements.  
 Honeycombing due to embedded parts. 

Above three defective possibilities can be managed at the 
design stage of the structure. Improving workmanship of the 
workers has to be addressed separately by showing and 
educating them about the standard ways of practicing. 
Further, proper planning at initial stages of the project has a 
huge impact on improving workmanship of the workers, 
which means workers will not face major difficulties in 
handling vibrators through complex structural elements. This 
will be discussed later in this paper. 

 
TABLE II 

Data on use of each type of vibration method out of 30 
construction sites 

As per Table II, immersion vibrators (needle vibrators) are 
the most common practice in local construction industry. 
Almost all the construction sites had used immersion 
vibrators and most of the time both manual compaction and 
immersion vibrator compaction were used in practice.  

 
TABLE III 

Data on use of each type of honeycomb identification/test 
methods out of 30 construction sites 

 
Tests carried out for defective 
areas 

Number of sites out of 
30 

1 UPV test 6 

2 Re-bound hammer test 16 

3 Expert consultation 3 

4 Demolition of defective element 4 

As per the data in Table III, defective area investigation 
methods in practice raises a crucial question. Common 
investigation test carried out is the re-bound hammer test, and 
most of the time, re-bound hammer test was carried out for 
the surfaces where rectification done. But this method is not 
suitable for major defect investigations as it gives only 
indications on surface hardness and penetration resistance. 
Core defects cannot be identified through this method. 
Kumavat [17] has done a study on various factors affecting 
the results of rebound hammer test. He has elaborated that 
deviation in rebound index vs. compressive strength as an 
indication of various factors influencing the rebound index. 
Therefore, Kumavat [17] concludes that effectiveness of 
rebound hammer test has to be checked considering the 
factors affecting the results. 

V. IMPROVING WORKMANSHIP BY PROPER 

PLANNING AT INITIAL STAGES 

As discussed under field survey, proper planning at initial 
stages and reinforcement detailing done considering the 
practicality in compaction contributes to effortless 
improvements in workmanship. 

A. Correct use of code of practice 

There are some discrepancies between codes of practice for 
design of reinforcement and codes of practice for compaction 
of concrete using immersion vibrators. 
 

First, consider BS 8110-1: 1997, Part 1: Code of practice 
for design and construction. There, under clause 3.12.11.1, 
guidelines for minimum distance between bars is given. As 
per that, minimum distance required is the maximum size of 
coarse aggregate in concrete + 5mm [18]. Which means, if 
the maximum coarse aggregate size is 20mm, minimum 
distance between bars shall be 25mm. But when it comes to 
compaction of concrete using immersion vibrators, it leads to 
major difficulties as available needle vibrator diameters are 
ranging from 25mm to 90mm. 

 
However, this issue has been addressed in BS EN 1992-1-

1: 2004, Part 1-1: General rules and rules for buildings. 
There, under clause 8.2 Spacing of bars, it has specifically 
mentioned that spacing of bars shall be such that the concrete 
can be placed and compacted satisfactorily for the 
development of adequate bond. Further, it has mentioned that 
there should be sufficient space between the resulting 
columns of bars (when several layers of bars are present) to 
allow access for vibrators and good compaction of the 
concrete. 

 
IS: 3558  1983 (Reaffirmed 2004) is an Indian Standard 

Code of practice for use of immersion vibrators for 
consolidating concrete. Under clause 8.8 on vibrating the 
reinforced concrete, it recommends to make sure minimum 
space of 75 mm exists between the bars or groups of bars to 
allow the vibrator to pass freely. In local construction 
industry, still the British Standards are mostly used for design 
of reinforcement in structural elements which had given less 
attention for practicality in compaction of concrete. 
Therefore, it is better to work on reinforcement detailing 
along with standards for vibration of concrete. 

 

 Root cause for honeycomb No. of cases 

1 Due to poor compaction practices of workers 25 

2 Due to poor workmanship of shuttering 20 

3 Due to rebar congestion 16 

4 Due to not applying form oil sufficiently 12 

5 Due to vibrator-unreachable locations 9 

6 Due to embedded parts in concrete 6 

7 Due to non-standard concrete mixes 3 

 Method of vibration Number of sites used 

1 Immersion vibrators 30 

2 Manual Compaction 15 

3 External vibrators 4 

4 Surface vibrators 0 

5 Rebar shaker 0 



B. Incorporating general details of structural drawings to 
special cases

As illustrated in of this 
paper, there are some situations, where following general 
notes/detailing as they are, tending to create a mess. For 
example, there can be a general note to terminate all column 
re-bars by bending an anchorage length inward. But this 
cannot be applied directly for a heavily reinforced column as 
it ends up in congestion. In such situations, execution team 
has to bring the issue to the designer prior to execute it at site. 
Most of the time, this kind of issues were taken to the designer 
when the work was half-way done. On the other hand, 
designers need to be skilful enough to foresee this type of 
issues at the design stage. They can make aware the execution 
team in advance. Usually, placements of embedded parts are 
done by the mechanical team of a project. They should have 
coordinated it with the reinforcement designers in order to 
avoid any kind of a congestion in structural elements.

C. Points to be considered in improving workmanship
related to shuttering

Most of the time, whenever a honeycombing was 
observed, contractors conclude it as a result of poor 
compaction. But the root cause can be some other reason. 
Understanding of root cause is important as it helps to avoid 
recurrence of the same later. Defective surfaces due to 
concrete slurry leakage could be misunderstood as a result of 
poor compaction. If the root cause was understood correctly, 
modifications to formwork system can be arranged. 
Minimizing the number of joints in shuttering can be a good 
improvement. Then, application of form oil is also important 
in order to have a smooth surface finish. Most of the time, 
defects due to not applying form oil are misunderstood as 
defects due to poor compaction. If the root cause is identified 
correctly, the team can take necessary actions to overcome 
that in the next task. Use of un-damaged shutters is important 
to have a smooth surface. Verticality and correct alignment 
of formwork panels are also important to avoid 
honeycombing.

D. Use of self-compacting concrete and importance of 
experianced work groups.

For unreachable areas in structures and congested spots, 
self-compacting concrete can be used. However, 
identification of such requirements and pre-planning is 
important. Experienced concrete pouring groups, concrete 
supervisors and formwork supervisors can make a 
considerable impact on the outcome. There are such reputed 
contractors and working groups in the industry who produces 
concrete with less defects. The relationship between 
experienced working groups and occurring of honeycombs 
shall be further studied.

VI. IDENTIFICATION OF HONEYCOMBS

UPV test is the commonly accepted method in 
identification of honeycombs. Below test was done in order 
to check the effectiveness of UPV test in identifying hidden 
honeycombs in structural concrete elements. Three beams 
(600mm x 250mm x 150mm) were casted of Grade 30 

concrete. The beams were casted with intentionally created 
honeycombs inside the beam in different depths using 25mm 
width Polystyrene (No polystyrene, 100mm depth, 150mm 
depth). Sectional view and grid system of beams are shown 
in Fig. 9 and Fig 10, respectively. Three beams were casted 
with/without reinforcement of 4T12 bars and R6 stirrups 
(R6@100mm).

Fig. 9. Section details of specimen

Fig. 10. Grids system on specimen to be used for UPV test

A. Key experimental results are shown under Table IV.
TABLE IV

Specimen 1 with reinforcement and Specimen 1* without 
reinforcement; UPV test results.

                   Specimen 1                             Specimen 1*

Point Time
(µS)

Velocity
(km/s)

A 41.1 3.65

B 40.4 3.71

C 41.4 3.62

D 39.7 3.78

E 40.7 3.69

F 39.2 3.83

G 39.9 3.76

H 40.4 3.71

I 41.5 3.61

J 59.4 2.53

K 58.4 2.57

L 42.2 3.54

M 56.4 2.66

N 42.6 3.52

O 40.1 3.74

P 40.6 3.69

Q 56.6 2.65

R 50.4 2.98

S 48.7 3.08

T 39.4 3.81

Point Time
(µS)

Velocity
(km/s)

A 45.1 3.33

B 45.9 3.27

C 45.7 3.28

D 45.4 3.30

E 42.9 3.50

F 44.6 3.36

G 42.1 3.56

H 42.6 3.52

I 44.7 3.36

J 52.8 2.84

K 50.6 2.96

L 44.4 3.38

M 47.1 3.18

N 44.6 3.36

O 43.2 3.47

P 42.9 3.50

Q 43.2 3.47

R 42.9 3.50

S 43.2 3.47

T 44.7 3.36



    The calibration was done prior to the testing on the beam 
to ensure that there are no errors in equipment. So that, time 
taken was measured in the Calibration rod and checked with 
the defined time (L=58.6 microseconds). The test was 
performed at Day 7. Grease applied to the contact surface to 
get better coupling action between instrument and concrete 
surface. Figure 11 shows performing UPV test (Direct 
transmission).

Fig. 11. Performing UPV test on specimen

B. Discussion on UPV test results

As shown in Table IV, UPV test results have been 
subjected to an impact when it is used for investigations in 
reinforced concrete. Specimen used for the experiment shall 
be considered as lightly reinforced concrete elements. 
Identification of hidden honeycombs by direct transmission 
UPV tests seems successful for light reinforcement concrete 
and here, readings were taken perpendicular to the main 
reinforcement bars. Therefore, further studies shall be done 
on investigation of heavily reinforced concrete and the effect 
in taking readings parallel to the main reinforcement bars.

VII. CONCLUSIONS

Honeycombs are a commonly found concrete defect in 
local construction industry. Honeycombs are firstly observed 
by the frontline workers and most of the time they tend to 
judge the defect and do remedial works not knowing the root 
cause for the defect. Understanding the root cause for each 
defect and addressing them are important in avoiding the 
recurrence of the same defect in future construction. 
Improving workmanship of the workers to produce defect 
free structures is the biggest challenge in the field. Proper 
planning at design stage of a project and at initial stage of 
construction works has the potential to make a huge impact 
on effortless workmanship improvement of the workers.

Making aware the workers, site staff, designers etc. on the 
governing principles behind standard practices of shuttering, 
consolidation of concrete etc. is important. There are enough 
standards and codes of practice for each task as mentioned 
under relevant sections of this study. At the end, the gap 
between site practices and standard practices needs to be 
minimized. Correct practices are always capable of saving 
money, material, time and work force of a project. Identifying 
the location and severity of honeycombs/defects in a concrete 
element is important as same as preventing it. Rebound 
hammer test is mostly practiced in local industry to evaluate 
the defective areas of a concrete element, but that evaluation 
is not up to satisfactory level. UPV test is somewhat an 
acceptable method in evaluating defective areas. However, 
both these methods are considered as conventional 

approaches in non-destructive evaluation. There are 
drawbacks in these conventional approaches. Therefore, 

-
destructive evaluation methods for localized concrete 
elements, which are still under development.
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