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ABSTRACT : In concrete work with structural complexity and large volume of concrete, damage to concrete
aften occurs such as honeycomb, cold joints and cracks. Damage is caused by internal and external factors and
becomes a serious problem, it is not uncommon for demolition of the building to be carried our. Demolition is
the last option, for that it is necessary to carry out several stages starting with root cause analysis whose aim is
to find out what are the main factors causing damage to the concrete. Then forensic engineering is carried out
through visual observation, UPV test, profometer, coredrill with the aim of knowing the quality of the existing
concrete and the damage that occurs. The next stage of improvement is through the repair method in the form of
grouting, material patching, and injection. Through proper and accurate application, the problem of damage
can be solved. Based on the results of the work carried out in the field, it shows good results, so that it can solve
the problem of honeycomb, cold joints and cracks that occur. These results prove that the development of
concrete technology and concrete materials can solve the damage to concrete. The benefits of this research can
be used as a reference to solve the same problem.
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L. INTRODUCTION

Construction work of power plants, dams and tall buildings, where the volume of concrete 1s used n
large quantities and structures with large diameter reinforcement and very tight spacing between reinforcement,
often result in damage to structural elements in the form of honeycombs and cracks. Heterogeneous concrete
consists mmtcrizlls with varying particle sizes and weights, so maintenance is not easy. 13

Cracks provide easy access for chloride ingress in the concrete and hence crack healing also affects the
corrosion of steel in concrete [1,2]. Concrete honeycomb it is rocky zones on the surface or inside of concrete
that does not have a fine grain or mortar. Honeycomb occurs whenever mortar fails to effectively fill the voids
between the rough aggregate particles.

It is important to know the cause of damage to the concrete, the presence of undesirable defects,
including honeycomb, cold joints and cracks on the concrete surface should be evaluated, as these defects will
affect the durability and capacity of the structure to be repaired[3,4]. To be able to evaluate and choose a repair
method, proper repair will increase the life of the concrete [5] . As the primary object, the mix design needs to
be analyzed first for compliance according to codes or specifications. This includes reviewing the materials and
mix compositions. Then, a root cause analysis (RCA) is peformed to find the main factors responsible to cause
honeycomb, cold joint and cracks.

Then to find out more accurately the honeycomb, cold joint and cracks that occur, it is necessary to
test including the ultrasonic pulse pelocity (UPV) test, Profometer and Core drille test [6,7]. it has been proven
that non-destructive tests such as ultrasonic pulse pelocity (UPV) and profometer yield good validity, especially
for existing structures [8,9].

Repair and rehabilitation of concrete structures is an important aspect of the main maintenance of
infrastructure and a major requirement to maintain its current level of safety, functionality and use[10-11].
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This research is a process of overcoming damage to concrete in the form of honeycomb, cold joint and
cracks starting from testing, repair methods and applications. The benefits of this research, this repair method
and application, can be used as a reference to overcome the honeycomb and cracks problems that occur.

1I. MATERIALS AND METHODS

First stage : Root Cause Analysis th@process of discovering the root causes of problems in order to
identify appropriate solutions. RCA is done in 5 steps as follow define the problem. analyze what you see
happening, and identify the precise symptoms so that you can form a problem statement, gather data, identify
causal factors determine the root cause, recommend and implement solutions.

The second stage of visual inspection is to get an overview of the building system, structural and non-
structural damage that occurs and its effect on the building structure. The results obtained will determine the
point / location testing, tools required and visual damage mapping and documentation. Third stage structural
audit (Assessment) of concrete structure through 1) concrete surface compressive strength test (Rebound
hammer test) 2) Reinforcement configuration test (Rebar scan) 3) Core drill sampling 4) Concrete crack density
& depth test (Ultrasonic pulse velocity) 5) Visual inspection regarding the dimensions of structural elements,
dimensions of reinforcement, the existing condition of the building in terms of damage (honeycomb, cold joint
and cracks).

Fourth stage :determine the repair method according to the type of daggRee that exists by referring to
the standards issued by the american concrete institute [12-13].Fifth stage : material selection for repair of
structural concrete fillings. material is selected based on material from several manufacturers such as BASF,
SIKA and FOSREEJ. the basis for selection is mechanical properties, material availability and price. The
procedure beffhs with identifying the cause of the damage and assessing the concrete substrate, and continues
withevaluate the mechanical properties and durability of the selected [14-15]. The sixth step: the implementation
of repair work in accordance with the methods and materials selected for the type of datage that exists. The
seventh step is to control the results of the repair work.To check the success of the work, it is necessary to test
the compressive strength of the grouting and patching materials. Additional testing for patching work is carried
out with a bond strength test with a pull out test, then on the control concrete injection work in the form of a
UPV test before and after the repair is carried out. As shown in Figure 1.

Figure 1. repair work control: before, testing and after work

II1. RESULT AND DISCUSSION
Based on the Root Cause Analysis, there are four main factors that cause honeycomb and cold joints
and cracks, namely the slump factor (low so that it affects workabiity), low action / lack of management support
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in mobilizing skilled workers workers/labor , Lack of supervision and QC inspection during casting, no vibrator
with small head/rod available to compact the tight corner basically near the formwork wall. UPV and Coredrille
test results, the strength of the existing concrete is fc 35 MPa

There are several type of damages which can be repaired depend on the level of damages. This
following repair methods has considered for the use dynamic Foundation.
Type 1. Patching for Honeycomb from 10 mm up to less than 50 mm and concrete cover less than 40
mm(Fig 2)
Repair method and application : preparatory work: The surface that has been checked is sure to meet the
requirements of a concrete cover = 50 mm, Clean from dirt or dust. Primer with styrene Butadiene Rubber
(SBR)Start the patch job by using a hand trowel Material Master Emaco S 5400 is a cementitious, polymer
modified, one component, repair mortar containing reactive microsilica. Technical Properties Compressive
Strength 28 days = 70 MPa and adhesion to concrete = 2 MPa

Figure 2. Honeycomb from 10 mm up to 10 mm uptoless than 50 mmand concrete cover less than 40 mm

Type 2. Grouting Honeycomb from 50 mm up to 100 mm (Fig.3)

Repair method and application: chipping existing honeycomb, until it passes through reinforcement
which is at least 10 mm. Chipping uses Hydraulics, to avoid damage to work. Chipping must be done by repair
worker. Chipping is adjusted according to the existing damage zone. Install the shear connector every 250-
400mm depending on the surface area to be grouted. Install formwork and attach strong and not leak. After
everything is ready, Grouting can be done using a grout pump or pouring system by using for certain positions.
Material shear connector is H]L"B-mch()r HUS3-H Type

Material for Grouting: MasterFlow 880 is non-shrink, iron aggregate precision grout with high early
and ultimate strength. It is typically placed at a flowable consistency at thickness between 10 mm and 150 mm.
Technical properties: Compressive strength :> 90 MPa and Flexural strength > 90 MPa after 28 days.

Figure 3. Honeycomb from 50 mm up to 100 mm

Type 3. Grouting and injection Deepest Honeycomb (Fig.4)
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Repair method and application : the injection packers inserted into pre-drilled holes shall be fixed at
intervals nnng the length of each crack. Injection point drill depth is adjusted by ineternal honeycomb or at least
100 mm. The distance between each packer will depend upon the width and depth of the crack. Spacing shall be
close enough to ensure that the resin will penetrate along the crack to the next point of injection. This will
normally be between 100 mm and 200 mm. Before the grout work 1s carried out, the formwork installed must be
strong, not leaky and use good materials to produce a flat concrete surface that is repaired. Masterflow 880 has

good flow properties, so it can fill the deepest honeycomb. Meanwhile, to fill a small void, the injection pipe
must be installed/ prepared, the pipe size is longer than the thick grouting. After everything is ready, installation
work with Masterflow 880 can be done using a grout plgp. then after 1 x 24 hours, injection work with epoxy
to fill a small vacuum can be do Material for Grouting: MasterFlow 880 is non-shrink, iron aggregate precision
grout with high early and ultimate strength. It is typically placed at a flowable consistency at thickness between
10 mm and 150 mm. Technical properties: Compressive slrcnglla> 90 MPa and Flexural strength > 90 MPa
after 28 days Material for injection :Conbextra EPI0TG epoxy is a two part, solvent-1¢g§, low viscosity, non-
shrink epoxy resin system that forms gPermanent bond and seal in cracks in concrete. Crack widths between
0.25 mm - [ mm can be treated. This epoxy is designed to be injected into cracks using suitable resin injection
equipment. The injection pressure should be at least 0.4 N/mm® (4 Bar).Technical data : Compressive strength 7
days : 83 N/mm’ , flexural strength : 63 N/mm’

Figure 4. Large Honeycomb

Type 4. Injection with Epoxy to repair cold joint and cracks(Fig. 5)

Repair method ‘“ application : injection point nipel is affixed along the crack using epoxy sealing,
which must be installed at intervals along the length of each crack. The distance between each packer will
depend upon the width and depth of the crack. Spacing shall be close enough to ensure that the resin will
penetrate along the crack to the next point of injection. This will normally be between 100 mm and 200mm.

3

Material for injection: Conbextra EP10TG epoxy ga two part, so]vem-lc low viscosity, non-
shrink cpoxy resin system that forms gfpermanent bond and scal in cracks in concrete. Crack widths between
0.25 mm - [ mm can be treated. This epoxy is designed to be injected into cracks using suitable resin injection
equipment. The injection pressure should be at least 0.4 N/mm® (4 Bar).Technical data : Compressive strength 7
days : 83N/mm’ , flexural strength : 63 N/mm?

Epoxy injection work, if carried out with the correct repair method, has been proven to be able to
overcome the problem of cold joints and cracks, this is in line with research conducted by several researchers
[16].
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Figure 5. Repair work cold joint and cracks

The results of the grouting material test that have been applied in the field and the grout standard from the
producer show significant results as shown in Figure 6. The standard grout from the producer for 3 days > 60
MPa, 7 days > 75 MPa and 28 days > 90 MPa. Then the results of field tests for 3.7, 28 days were 61.69 MPa,
73.43 MPa and 90.8 MPa. Thus, it can be ascertained that the grout material used is in accordance with the
existing quality.
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Figure 6. Compressive strength Grout

The results of the patching material test that have been applied in the field and the grout standard from
the producer show significant results as shown in Figure 7. The standard patching material from the producer for
3 days > 30 MPa, 7 days > 45 MPa and 28 days > 70 MPa. Then the results of field tests for 3.7, 28 days were
39.12 MPa, 40.59 MPa and 66.8 MPa. These results show the results of the compressive strength in the field
reaching 95.4%, this is due to the weather conditions during application repair in the field, but these results are
still acceptable

The results of the cold joint and crack work tests through the UPV test showed good results, this can be
seen from the test results before and after. If before the repair was carried out the UPV results showed that there
were cold joints and cracks, after the work the results showed no cold joints and cracks were seen.
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Figure 7. Compressive strength patching material

Iv. CONCLUSION
The correct repair method is the key to success in repairing honeycombs, cold joint and cracks, it is

proven that the damage that occurs to the structural elements can be repaired with good results. The application
process requires experienced experts in the selection of materials to be used and application in the field. The
materials used must have product quality that is tested in the laboratory and test results in the field.
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