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Feasibilitv Studv to Determine the Necessitv of Repair to Concrete Honevcombing
Abstract

One of the basic building quality inspections is to visually check for honeycombing in concrete. For
visual inspection of honeycombing, the following steps are recommended: (i) measure the area and depth
of the honeycombing, and check the bonding state of the coarse aggregate, (ii) judge the honeycombing
into 5 grades, and (iii) select the appropriate repair method according to the grade. However, it takes
time and effort to measure and make judgments one by one, and there are many other items in a quality
inspection, so it is desirable that judgment can be made as simple as possible.

On the other hand, it is considered that if it is possible to determine honeycombing grades using
images, it will contribute to labor saving in inspection work, and help to reform working methods.

The authors evaluated the feasibility of determining whether or not honeycombing in concrete needs
to be repaired by using Al image analysis only. From the results it was confirmed that this can be
determined with high accuracy (F1 value 93% or higher). In this report, the details of Al image analysis

and the evaluation results at the construction site are reported.

F—D— K WERE, T, AT BEERET *BRil24 SCREEN 7 R/30 & h
SAFAVY 2—q R




1. [FC®IC

B OSEEREICBNT, 327 ) — bt ER
DR B DAY, A OBRIXELY T O B R
RKEINTWB Y, ZOHEERVREDOESTH
B EHUZONWTIE, SAROmERE - RS OFH ISR &
HEM OMBSIRER ENPDEROREEZ 5 S0%
FRICHIE L, RIS U CEUARMEEZITY 22N
RSN TV D 223, Hf - IRE &2 —D>—DFHAIL
THIET HITITRER & BRSNS, WEREICIX
Mz L ZHEOREHEBE N D72, TXHETHES
WCHIETE A2 EMRRDOLND, £z, ZNETIZ
BN O T & OZREIFA A AL BIGARHTIZ LY
B TEED R STV B I, YA EZ1T 9
TOIITEROERNEETELZENEE L,

[ R D Fr 5> B I D AR A E T X ki o
L EME 2 HLRAE N ATRE & 72 B 7 CEIGEE D
BIMCIZHBRTE, B HFEREO—PII b LEX
BB, AL BRI LD HEDA A—TEE 1|
Y,

BHDIE, SODERD D, ETITMENAE
TR 1 EHHE DT TR SR 2 DA A E T D AE
A OHEDS Al BHGARHTIZ K0 B D 70 5 EB
AIRERRT L, mVRE CINZHIETE DR %
72 R TIXZOFEM &, BIG CTRAE LR RIS
DWTHET 2,

2. ERMEERHIE Al DR

2.1 Al OBE - BEHT—2 (2D T

FEG N HERE X IMELEO Tz H
ETH27 T AMEMBEE LTAIOFREEIT- 7,
F1IC AL OB R O L4, & 212 Al OFE
RV Uz B oRcscE R~ 9, #EfiT—4% & LT,
YO FEBBGO Y i N OHE - B HEY T
ay s ) — hMREARE LB L, SE#

2

HARZ R

K1 Al OBERUVEREEY

HH F

Mt rlee | a7 U — RO GHRORMIEE

AR | &

cBHIAH =2 =T N Ry PT—

71 8% BB

s ANFHEME= 7 ) — FERED

Se AL
IR | - e L, UIMERE
DR - TR v (FEL A
T 1, ffEREZO0 &L, )

PN - ACOBGITHHEREE, XI3H
ELIEDNTIIND T L& f
HL, WifgéFL0iisb
B E AT — Z I\ T 2 &

D FH

TRAC PSR HEHTIR R

B AT O ERE : 24~26 mm (35

WRERME | mm LR
e HEEE - 300 mm+100 mm
BBV ML - £10 LN
x2 BT —2OHME
Mg D Z ~ L HEE [(#]
T 241
FE AL 241

TNV G LIeT =2 b abtier—4
RO, Al DHEPRNTIMNIRD Z & D7
X9, &IV OEBEER AT,

e 2 E I TE Al R 2 R

1 Al BRI K DHEDR

_2_



2 2
Z z||S] |E
> g:* —0— %*%*é T e E”
& g ™
=} =}
AS DenseNet 77
2 FRAEFLOBE
2.2 FAETFARVEES -
AL OFHIE T /WA DenseNetV &2 FIH L7z, Tl P=7rp pp 1)

T NOMEZE 2 127”5 F, DenseNet (36 2 @5
WEOBOBOMICY 2 —bhy MiEERTD o TP )
:av%r#@miaﬁ%m@of:rﬁ/ma@éo TP+ EN
ALY ICHR < B2 L7304y (DL, Friit 210 9) 2% (PxR)
DAL ZAT 5 728, DenseNet D FHFFEH F AT T Fifii= P+R 3)
/V@Hjj]%@ﬁlj AJ&%‘E&U\7‘—) /7E% ga%
EMLTHD, o TP : AHELEOEL O T AL BSHIELE & HE
#)\jj@‘{%f)ﬁu&&@ci}/f, @‘{%'&/{x?rplﬂji 400X Lf:@”%@
& 300 c 7 ISP, RGB T oL S Sl FP : fEREDOEIRO P T Al BHIELE & HIE
PEIN 0, S LB KO TS EREEIT U7 i
o HAROIEHEBIEIC softmax BIEcE, $URB) oy sy momiigo e AL REE & fiE
lzix Crosﬁs:rglti)py R, HiﬁiﬂﬁT\/}/ﬂ VAN L 7= e i
RMSProp, ¥ A0 0005, TRy 7 5% 300 & TN : HEREOE LD T Al BHIHERE & H7E
L CTHH %TT‘O 2o FEHT—HDENDINT=D L7 Hifetk
JaANYFT— g 00 k) UM E R L?L_J:
TRETOT—2 %R L TEEEITo 72, BAERMIZ B 3 (a) |[CE S B 7 TR DB 1 %, (b) 1245

1%, 10 74—/ R e 2R F =g 4280, %
B L RN %IJH%@“Z&%H??‘~& DRAA
10 X2 —HABLTALDFEE T, K/3FZ—
> OPERERHAMRE R 2 8 L7z,

2.3 FEHRRE

FE LUz ALIZ XD HER (D), Q) AW,
KONTRTHEAEP [%], HHER [% KO FHE
(%I LV EHH L=, R 3IAT 5 Sh-TF~L e Al
DY EREROBMRZ T, HWAEFEIL Al DELTE
EHIE LT R D 5 b EBERICHIHE LB 72 B g D F
HTHY, HEDEMIZRL TS, FHERITHE
BUCAHE LB EmG O 5 5, Al BMlEELE EHE
LB OEETHY, RELE LDV EERLT
W5, FUEZEAS R & BEREOHFM L THY, Al
DHIEDREWIEE 2R LTV D, KiHlifRED
FERER 41T, Al BRI 2 W5 2 & CH
BOHTHMIEEL % Fi il 93%LL L THE T HE
b5,

W& AL LR 27, B E o i ki
Grad- CAM5>%JEH1/‘ IRENZITVME T~ DN
K&, FOIGEWIE EHE~OFEN/ NI L

®3 EHELHEEDNERF

7~
e B TR
eV P FP
Al DH|E
EARE FN N
=4 Al OHERE
MRS WA | HEER Fi &
e 93.3% 93.7% 93.5%




(b) HHEORARILER

X3 JFEEREFHEDOARIEER

ZRLTWD, ZORPUERERD G, Al BERZ
DDy 2R L L THEES ZHEL TWD
ZLERENTEY, BEUNZFEERTWD LB X
bivd.

EHRARAFAREE 7
S EREIHE

EHE  0096)pg

DR iEE AT

[ 1] EERDS30cm. FESSRSLEZSHOBRGHTENLTT S0,

SRS

3. BETOFERUSKRDRE

B CORMBZAT 2 728, FRFER Al ZHAGA

NG T 7 2B L, EEOIE TIHH O
PEZRGE LT, R4127 7Y OBfElRE %2R, 2
OT F VTR TEET 5, XU DI THiE)
R EMTLTRAET 2 GHROTEEREY, Xk
[ 77 A VP RH BT L CHRRRICRE
SN EIROBEBEZRINL, KIS THIEEHE )
RE BTS2 LT Al OHENBIE S Uk R
NEREND, HIEMRLE U HHERE ) T T
BLE] OWTNIrRERIN, B THELE]
R E IR E O WEUERE R AR R SN D,

o7 7Y EFA LSS, e DHERRED
R E CICLEARRRIZN 15 BTh v, dEIf
ET&X 5,

BE 1 ICBBRGEOME T 2T, ERAZ Y
THHBICZOT TV ERAL WX, 6T )
VU FE i Lz,

HFRFESNDRE L TRO LI RBEARDH T2,
RO DI E TG HE 2 RO RS ITAT
zZ5
CREBRICE DT EDEMETHIETE S

—HTRDO LD B - ERP DT,

T ILiER

W ETHREE
I ERE

I

St TETHERE R

4 EHHET7 T OBREER

_4_



CHEESR TS, EROREE 5 DOZERKITH

ETEDLEICTDUENRDD
‘R VIORTIRE S SN 2 IR g Tl
STHEE R DA H D

< B 5 IR L D IS RS JA S, HIE
B RETHENH D

c DIRIIMRAE BT LERH D

s IAROALESRLSKRE SIIHRLENLETH D

B GRAEEZ, SRIEIERORELZ 55D
FRRITHETE D Al OBFZERL, HIERER L - ik
BRI ORI ﬁ?fﬁﬁ%%%:?mb'@\é

BISRIOET

(@ HEYAEDKE LEROH

(b) FHEDAIRIEHER
FYRAALEEREERERHE)
5 RR¥IE LEEBZROH

(Zfz

4. FED

B R AFATIC LV iR D A TR DOHIE RS %
HETE D0 E I D %*ﬁaﬂll/ —E DRI T
BT, FIE 3% ETHIERRETH 5 Z & & iEd
Lz, 7z, FEES Al AN ST 77
ZHWTHE TORGELZATV, MIEEE OHENE
WP CRGICEM ATRETH D Z L 2R L7,

SRITEL - BRAEME 2727 7 OotE L T
TETH D,

i
AN T= 0, RAIESESF - B RAEHEEAR
B RAEAE, K OVRH: CS ARERH ORI 1X
E R OUEERS T VO 5., Bl TORFEIZE K
DTN RN, TSR L THEELRT D,

2 E XM

1) AARE RS B TFEEAERT - g3 JASSS &%
iz 7 V— KT 2022, pp.424-425, 2022

2) ARz 7 V= FLEHE: a7 ) — M2BrEd 17 (&
W], pp.7-9, 2017

3) Yo, ACAIER, NIRFIET  ALBERRIC X 2 il st
e A PN T RT 1 18 PR RS D 28 IR TR - H:{ﬁﬁ uOb‘T*ﬁEF‘EJ
BARN & SR RITIE R Lo & 5% DR —, % 66 [A]

(2022 FE ) AbifEaE BA 98 BT IF 78 28 3% = 36 3 im0 2R,

pp.655-659, 2023

4)G. Huang, Z. Liu, L. V. D. Maaten, etal. : Densely Connected
Convolutional Networks, IEEE CVPR 2017, pp.2261-2269,
2017

5)R. R. Selvaraju, M. Cogswell, A.Das, etal. : Grad-CAM: Visual
Explanations from Deep Networks via Gradient-Based
Localization, IEEE ICCV 2017, pp.618-626, 2017

BEEHNT

Vel E

S FRE ORISR D)
RLIZEBACE B L9, LR
FIThAET,

K {5 7]
e+ (1)



