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Honeycombing is an initial defect of concrete structures.  In 
cases where honeycombing occurs, it is repaired usually by the 
method of removing the honeycombed concrete and restoring 
the cross section.  By applying that method (the “conventional 
repair method”), however, bond strength on the concrete joint 
interface degrades,1) so peeling often occurs on the interface.

The authors and coworkers have proposed a new repair 
method of injecting resin without removing honeycombed 
concrete (the “proposed repair method”) and examined the 
method using repaired material with an aim of enabling repair 
without creating an interface as is done in the conventional repair 
method.  In material-level examination, we were able to confirm 
that peeling did not occur on the interface of specimens by the 
proposed repair method and the specimens had strength equal 
to sound specimens, while peeling occurred on the interface of 
specimens by the conventional repair method and their strength 
did not reach the strength level of sound specimens.2)

Thus, for performance confirmation at the construction 
member level, we carried out tests assuming concrete 
honeycombing occurs at the bottom end of an RC column.  We 
produced specimens having a repaired honeycombed part at the 
column bottom end (“repair part”), and carried out horizontal 
cyclic loading tests on them.  In the tests, we focused on the 
effect of having repair parts on deformation performance and on 
behavior of interfacial peeling compared with those with sound 
specimens.  The repair parts of specimens were repaired by the 
conventional and proposed repair methods.

Introduction1 Test Overview2

2.1 Specifications of Specimens
Table 1 shows the specifications of the specimens.  The specimens 
were assumed to be half-scale columns of an actual rigid frame 
railway viaduct.  The cross section was square shaped 400 mm in 
width and height with longitudinal reinforcement added.  Shear 
span ratio was 3.19.  The parameters were tie hoop ratio (yield 
strength ratio), presence of repair part, and type of repair method.  
Based on past test results,3) 4) we made basic sound specimens 
(symbol: N) of tie hoop ratio 0.51% (symbol: 125) and 0.91% 
(symbol: 70) having different fracture morphology; for each of 
the sound specimens, we made specimens with a repaired part by 
the conventional repair method (symbol: P) and by the proposed 
repair method (symbol: H).

Fig. 1 shows an overview of the specimens.  Fig. 1(a) is the 
elevation plan of a series 125 specimen, Fig. 1(b) is the elevation 
plan of a series 70 specimen, and Fig. 1(c) is the column cross 
sectional plan of the repair part.  Here, the column surface load 
to which load is applied is called the loading surface, and the 
column surface at a right angle to the loading surface is called 
the column side surface.  The repaired part area width was the 
column cross section width of 400 mm, height was 1D height of 
400 mm (D: column section height) from the column base, and 
column cross section was 40 mm to the center of longitudinal 
reinforcement.  To distinguish the effect of the repaired part, we 
made the repaired part only on one side of the loading surface of 
the column cross section.
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We performed cyclic loading tests using reinforced concrete columns with repaired honeycombed concrete in the base part of 
a column, confirming the effect of the repaired part on deformation performance and on behavior of the interface.  As a result, 
difference in strength and deformation performance were not found.  But, with the specimen using the conventional repair 
method, interfacial peeling occurred with small load and it expanded.  On the other hand, with the specimen using the proposed 
repair method, interfacial peeling did not occur.  Damage with the proposed repair method specimen was smaller than with the 
conventional repair method specimen.
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400 × 400 360 1,150 D19 × 163.19 2.865

Nil
Conventional repair

Proposed repair
Nil

Conventional repair
Proposed repair
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Effective 
height
d (mm)

Shear-span
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Longitudinal 
reinforcement 

ratio (%)
Repaired part Shear-span 

ratio
a/d

Tie hoop 
(name of reinforcement)
(set) - (interval (mm))

Longitudinal 
reinforcement 

(name of reinforcement) 
× (Qty.)

Tie hoop 
ratio (%)

Lateral reinforcement
 (name of reinforcement) 

×  (Qty.)

D19 × 3

D13×-1-ctc125

D13×-1-ctc70

0.51

0.91

Table 1  Specifications of Specimens
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and drilling length of each drill hole seen from the column side 
surface.  Repair was made from the loading surface side.  First, in 
order to prevent resin (low-viscosity epoxy resin) injected from 
the honeycombed concrete surface from leaking, we applied 
surface sealant (high-viscosity epoxy resin) to an area of width 
and height 50 mm or more larger than the honeycombed area.  
Then, we drilled injection holes and air holes both of approx. 
10 mm diameter.  Injection holes were drilled to a depth of 
90 mm from the column surface (to a position approx. 50 mm 
inside of the sound part) and air holes to a depth of 35 mm.  The 
depth of air holes was determined so as to vent air from behind 
the honeycombed concrete as much as possible.

Fig. 2(b) shows placement of injection holes and air holes 
seen from the loading surface side.  Since net cover of main 
reinforcement was as thin as approx. 30 mm, those holes were 
placed at positions without reinforcement other than cover.  
Assuming an area of 100 mm radius from the center of each 
injection hole as one injection area, we placed injection holes to 
make injection areas overlap each other.

Resin was injected by the automatic low-pressure injection 
method using an injector at a constant pressure (around 
0.1 MPa).  We started injection from the column bottom 
end, replacing the injector when all resin in the injector was 
exhausted.  When we confirmed that injection stopped with 
all of the injectors, we finished injection with the injectors left 
set.  Estimating cubic volume of honeycombed concrete from 
dimensions of honeycombed concrete produced, we calculated 

2.2 Specimen Production Method
First, we produced honeycombing in specimens.  Honeycombing 
was made according to a method used in past research.2)  Steam 
curing was applied to the honeycombed concrete for about 
15 hours in a curing sheet (highest temperature approx. 50 ºC) 
and air curing applied for a day.  After curing, we removed the 
partition mold between the column mold and honeycombed 
concrete, and then re-set the column mold and poured concrete 
around as sound part.  Steam curing was applied to specimens 
the same as with the honeycombed concrete, and they were air 
cured until conducting the tests.

2.3 Specimen Repair Method
2.3.1 Conventional Repair Method Specimen
Photo 1 shows repair of the conventional repair method specimen.  
Photo 1(a) is of a specimen where honeycombed concrete was 
chipped off to make the interface be at the center of longitudinal 
reinforcement.  We applied primer to the sound concrete surface 
chipped out and dried it for 1 or 2 hours.  Then, we set a mold 
and filled with polymer cement mortar (“PCM”), an ordinary 
cross section repair material.  Photo 1(b) shows the specimen 
after repair completion.

2.3.2 Proposed Repair Method Specimen
Fig. 2 shows an overview of repair and the condition of the 
specimen after repair completion with the proposed repair 
method.  Here specimen H-70 is used as an example.

Fig. 2(a) shows the area where surface sealant was applied 
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porosity of honeycombed concrete from the volume of resin 
injected and the cubic volume, with porosity of the specimen 
H-125 being 15.2% and that of specimen H-70 being 15.5%.

2.4 Loading Method
Fig. 1 shows the loading points of the specimens.  As axial 
force, 156.8 kN (average axial compression stress intensity: 
0.98 N/mm2) was applied constantly using a vertical jack attached 
to a portal frame.  In static cyclic loading tests, we defined the 
displacement where deformation of longitudinal reinforcement 
at the outermost edge (tension side) reached yield deformation 
that can be obtained from material tensile tests as the yield 
displacement (δy) and the load at that time as the yield load (Py).

In loading to sound specimens, after completing for 1δy, we 
applied loads of the yield displacement multiplied by an even 
number, such as 2δy, 4δy, and so on.  After loss in load, we 
increased displacement by increments of 1δy and conducted three 
cycles of loading to each sound specimen.3) 4)

In loading to specimens with repaired honeycombed concrete, 
we conducted five cycles of loading with construction member 
angle displacement of 1/800 (1.31 mm), 1/400 (2.63 mm), and 
1/200 (5.25.mm) until reaching 1δy.  The purpose of this was to 
check occurrence of interfacial peeling when applied with small 
load.  After completing for 1δy, we increased displacement by 
increments of 1δy to check damage of the repaired part until the 
load reached about a half of the yield load (Py).  After 2δy, we 
conducted loading with displacement increased similarly, using 
δy of specimen P-125 tested first as standard.

Test Results3
The test results of sound specimens described in this Chapter 
are based on past test results.3) 4)

3.1 Material Strength
Table 2 shows the strength test results of cone specimens 
(diameter 100 mm × height 200 mm) we produced 
simultaneously with the specimens.  Average rate of concrete 
not being filled for cone specimens with repaired concrete 
honeycombing was 17.0% for series H-125 specimens and 
16.4% for series H-70 specimens.

3.2  Calculation Values and Test Values of Yield Load, Yield 
Displacement and Yield Strength Ratio

Table 3 shows calculation values and test values of yield load, 
yield displacement and yield strength ratio.  Calculation value 
of yield displacement (δy_cal) was obtained by the calculation 
formula of the aseismic design standard.5)  Vs used to calculate 
Vy of the yield strength ratio (Vy/ Vmu) was obtained by the 
calculation formula for shear strength of a bar without 
shear reinforcement.6)  Vs is shear strength born by tie hoop, 
and Vmu is Mu (bending strength) / a (shear span).  The 
ultimate displacement (δu) of the test values is the maximum 
displacement before being below yield load.  Test values of 
yield load were 1.10 to 1.24 times larger than the calculation 
values of individual specimens.  The same fracture morphology 
was observed per specimen of different yield strength ratio, 
regardless of the presence of repaired honeycombing and the 
repair method.

3.3 Load - Displacement Relation
To eliminate the effect of material characteristics of specimens, 
we standardized load and displacement by dividing yield load 
and yield displacement respectively.  Fig. 3 shows the relation 
between Pi /Py and δi /δy, both standardized.  These are the 
results after yielding.  With series 125 specimens in Fig. 3(a), 
no differences are seen between specimens, while with series 
70 specimens in Fig. 3(b), we found larger ultimate displacement 
of specimens with repaired honeycombing when tension is 
applied on the repair side.  Furthermore, it seems that series 
H-70 specimens have better deformation performance on the 
repair side than other specimens.  The reason for this difference 
could be that yield displacement of series H-70 specimens was 
smaller than that of other specimens.

3.4 Failure
Photo 2 shows series 125 specimens after failure.  With specimens 
P-125 and H-125 having repaired honeycombing, shear failure 
occurred after bending yield the same as with sound specimens 
(Photo 2(a)).  Large peeling did not occur in concrete on the 
repair side (photo left side) compared with on the sound side 
(Photo 2(b) and (c)).  With specimen P-125, peeling occurred 
on the vertical interface on the column side surface when load 
was applied at construction member angle 1/400 (2.63 mm) 
and on the whole interface at loading of approx. 3δy.  After 5δy, 
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Yield
displacement

N-125 27.4 214.6 6.4 157.9 227.9 385.8 249.9 0.63 0.91 1.54 236.1 6.5 48.9

P-125 29.0 211.7 6.1 160.8 230.2 391.0 247.9 0.65 0.93 1.58 262.0 7.4 57.9

H-125 28.4 210.7 6.2 159.7 230.2 389.9 247.9 0.64 0.93 1.57 254.0 7.1 51.4

N-70 23.5 211.7 6.9 150.2 406.9 557.1 245.0 0.61 1.66 2.27 239.9 7.6 70.9

P-70 27.2 210.7 6.3 157.5 411.0 568.5 246.0 0.64 1.67 2.31 261.0 7.3 73.9

H-70 24.6 208.7 6.6 152.5 411.0 563.5 243.0 0.63 1.69 2.32 240.5 6.5 73.7
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N-125 27.4 378 359

P-125 29.0 52.5 371 363
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N-70 23.5 378 359
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H-70 24.6 24.4 371 363
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Table 2  Material Strength Table 3  Calculation Values and Test Values of Yield Load, Yield Displacement, and Yield Strength Ratio
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peeling on the vertical interface expanded; however, crushing on 
the repair side was smaller than that on the sound side.  With 
specimen H-125, crushing began on the repair part after 4δy, but 
no peeling on the interface was found.

Photo 3 shows series 70 specimens after failure.  With 
specimens P-70 and H-70 having repaired honeycombing, 
bending fracture occurred the same as with sound specimens 
(Photo 3(a)).  With specimen P-70, peeling occurred on the 
vertical interface on the column side surface when load was 
applied at construction member angle 1/200 (5.25 mm) and on 
the horizontal interface at loading of δy.  At 5δy, peeling occurred 
on the whole interface, and peeling expanded when compression 
force was applied.  With specimen H-70, the repair part crushed 
by compression force, while no peeling occurred at the interface, 
while no such peeling occurred on the sound side.  As shown in 
Photo 3(b) and (c), damage to the repair part of specimen H-70 
(photo left side) was less serious than that of specimen P-70.

Conclusion4
Assuming occurrence of honeycombing at the cover of a column 
bottom end of a rigid frame viaduct, we carried out cyclic loading 
tests using sound specimens and specimens having repaired 
honeycombing and confirmed the following results.
(1)  At the cover of a column bottom end having honeycombed 

concrete repaired by the conventional repair method or by 
the proposed repair method, we found almost no effect of the 
repaired part on yield strength and deformation performance 
of specimens with tie hoops at 125 mm intervals and at 
70 mm intervals.

(2)  With specimens having honeycombed concrete repaired by 
the conventional repair method, interfacial peeling occurred 
even at smaller displacement, and peeling expanded as cyclic 

loading was repeated.  In contrast, with specimens having 
honeycombed concrete repaired by the proposed repair 
method, no interfacial peeling occurred, and damage to the 
repaired part was smaller than in specimens repaired by the 
conventional repair method.  The reasons for no interfacial 
peeling and smaller damage could be that sound concrete and 
repaired parts behaved in a unified manner and that tensile 
strength of the repaired part was high and resin applied to the 
surface had expandability.
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