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Truong Dai hoc Mo - Pja chat

TOM TAT

Trong qua trinh thi cng hodc trong qua trinh str dung cac cong trinh xay dung dusi tac dung cua cac loai
tai trong c6 nguy co xuat hién cac vét nit gay anh huong dén thim my, an toan cua cong trinh. Do vay
kiém dinh an toan két cdu bé tong thong qua cac phuong phép thi nghiém dac biét phuong phap thi nghiém
khong pha huy la can thiét. Phuong phap siéu 4m la mot trong cac phuong phap thi nghiém khong pha huy.
Phuong phép nay duoc sir dung khé pho bién dé kiém tra, du doén cac khuyét tat trong vat liéu bé tong, cac
két cau bé tong hoic bé tong cot thép. Bai bao tién hanh tong hop 1y thuyét gidi thi¢u nam phuong phép
siéu am chinh dang duoc dung phé bién dé danh gia vét nut trong bé tong bao gom: phwong phép tac dong
tiéng vang (Impact-Echo Method), phuong phéap phat xa &m hoc (Acoustic Emission - AE), phuong phap
lan truyen s6ng bé mat (Surface Wave Transmission Method), phuong phap xac dinh thoi gian nhiéu xa lan
truyén (Time of Flight Diffraction Method), phuong phap siéu am khuéch tan (Diffusion Method). Ngoai ra,
bai bo ciing trinh bay mot s6 két qua thu dugc tir thi nghiém do thoi gian lan truyén xung siéu am (TOFD)
trong cac mau bé tong co kich thudc 40mm x 40mm x 160mm. Phan tich dir liéu thu dugc cho thiy hiéu qua
ctia phuong phap TOFD trong phét hién vét nit va sé luong vét niat mé trong mau dam bé tong.

Tir khoa: xung siéu am; bé tong; thoi gian truyén xung; vét nut

1. Pit véan dé

Dé phuc vu nhu ciu ngay cang ting cia xa hoi va phat tién ha tang co so, cac cdng trinh bang bé tong
ngay cang duoc xay dung nhiéu, di kém véi d6 1a nhu cau danh gia kiém tra sy an toan va do tin cay cua
cong trinh. Trong qua trinh thi cong, sir dung cac ciu kién bé tong thuong xuat hién vét nit, khuyét tat gay
suy giam do ciing két cdu va anh huong & cac muc d6 khic nhau dén trang thai 6n dinh chung cua cong
trinh. D& dénh gia cac khuyét tat, vét nat gay tiém an cac nguy co cho cau kién cong trinh hién nay phé
bién sir dung cac phuong phip khong phd huy (NTD). Trong so cac ky thuat NDT hién nay, tiy thugc vao
tinh trang cua két cau can kiém tra, wu diém va nhugc diém cua ting Ky thuat dé quyét dinh sir dung loai
NTD nao. Khi quyét dinh loai NDT s& sir dung bén tiéu chi can duoc xem xét 1a: Loai vat liu, loai khuyét
tat, kich thudc khuyét tat, vi tri khuyét tat.

Nhiéu nghién ciru chi ra séng siéu am dugc sir dung hiéu qua dé du bao va danh gia cuong do va dic
tinh cua bé tong, ngoai ra con cé thé dugc st dung dé xac dinh nhitng khuyét tat bén trong bé tong, cac vét
nut (Prashant Kumar (2009). Facaoaru (1969) cho rang van toc song siéu am (UPV) ty 1& thuan véi cuong
d6 va do tudi cua bé tong. Cac md hinh todn hoc ciing da duoc phét trién dé du doan van téc xung siéu &m
trong bé tong dua trén cac nghién ciru thuc nghiém. Hién nay dé danh gia nit trong bé tong st dung phuong
phap siéu am c6 mot s6 phuong phip dién hinh 1a: phuong phap tac dong tiéng vang (Impact-Echo Method),
phuong phap lan truyén song bé mat (Surface Wave Transmission Method), phuong phép siéu am khuéch
tan (Diffusion Method), Phuong phap xac dinh thoi gian nhidu xa lan truyén (Time of Flight Diffraction
Method), phuong phap phat xa am hoc (Acoustic Emission - AE). Dudi day s gioi thi¢u so luoc tng dung
cua moi phuong phap trong danh gia vét niit. T4c gia ciing sir dung phuong phép nhidu xa thoi gian lan
truyén dé do thuc nghiém trong mau bé tong cudng do cao 40mm x 40mm x 60mm.

2. M@t s6 phuong phap siéu 4m dién hinh sir dung danh gi4 nit trong bé tong
2.1. Phwong phdp tac dong tieng vang (Impact - Echo Method)

Phuong phap tac dong tiéng vang (Impact - Echo method) dugc Carino va Sansalone (1984) dfé Xuét dé
phat hién khuyét tat trong bé tong bang cach sir dung mot bo chuyén doi duy nhat. Thdng qua toc do cua

*Tac gia lién h¢
Email: phamthinhan@humg.edu.vn
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song do tac dong s& xac dinh dugc chiéu sdu cua cac vét nit trong bé tong. Sansalone va Carino (1988) da
str dung ky thuat nay dé xac dinh cac khuyét tat 16 rong, chiéu sau vét niit mé va céc 16 chua dugc tram vita
trong cau kién. Vi phuong phép nay c6 thé dung xéac dinh dugc chiéu sau vét niat nam ngang (hinh1 a) thé
hién. Khi biét dinh trong mién tan so tuong ng véi phan xa va nhiéu xa giita cra mat trén va dinh cia vét
nit. Miac du ky thuat nay c6 thé do chinh xac do sau ciia vét nit, nhung né doi hoi mot ki thuat vién co
kinh nghiém dé xac dinh dinh tan sé nao twong tng véi vét nit. Chiéu sau vét nut ngang dugc xac dinh
theo cdng thic sau:

go )

trong do:

Vp - van toc s6ng doc lan truyén trong bé tong;

fr - tn s6 cong huong trong phod twong rng véi chu ky T cua song.

Ban chat ciia phuong phap nay la can xac dinh duoc hai dai luong van tc lan truyén song v, va tan sb
dinh fr. Thong thuong thi tan s6 cong huong chiém wu thé trong pho, dem van téc cua séng doc lan truyen
bén trong cau trdc vat liéu da dugce dugce xac dinh trude do thay vao phuong trinh hoan toan cé thé woc
tinh duoc chiéu sau vét nut.

Ving
tac dong

Cam bién

Tac dong ‘ - Nhéan séng I:|

viing chuyén
giao nang j
lwgng

| S
P "

Hinh 1. Phuong phdp Impact-echo xdc dinh chiéu sau vét ni#t ngang
a) vét nit ngang, b) veét niit doc

Véi céc vét nit nam ngang nhu hinh 1b khi biét khoang cach gitra cam bién (ds) va nguon tac dong, toc
d6 song nén v, thoi gian séng tl’uyen qua vét nurt te ta s& c6 moi tuong quan vdi d6 sau cua dau vét nit der

duoc xac dinh nhu sau:
1
der = 51507 — &2 2

Hsiao va nnk (2008) sir dung cac khoi bé tong (block) véi cac kich thuée khac nhau lam doi twong
nghién ctru. Nhom tac gia da thanh cong dé xuat duoc moi quan h¢ giira van toc lan truyen song, kich thusce
mau khdi va tan s6 song am trong truong hop cac khoi céd va khdng co vét nut.

2.2. Phwong phdp lan truyén song bé mat (Surface Wave Transmission Method)

Popovic (2000) dé xuat phuong phap lan truyén song bé mat (SWTM) dé xac dinh chiéu sau vét nit ma.
So db thiét lap thi nghiém theo phwong phap nay duoc thé hién nhu hinh 2. Thi nghiém bao gdm hai gia
téc ké thu nhan tin hiéu (receiving accelerometers), may hién séng ky thuat sb (digital oscilloscope) va may
tinh c& nhan. Hai ngudn séng tng suat va hai may thu duoc dat doc theo duong thing trén bé mat cia mau
thi nghiém, cach vi tri tao tic dong khoang 30mm.

Trong hinh 2 ngudn tac dong dwoc dit tai A va D, hai gia toc ké dé thu nhan tin hiéu (receiving
accelerometers) duogc dit tai B va C. Dya trén tin hiéu nhan dugc tai B va C, nghién ciru xac dinh dugc dsc
1a mot ham cua tan s6 f va co thé duoc hinh dung bang ty 1é bién do cua tin hiéu tir gia toc ké xa véi gia toc
ké gan theo cong thirc sau (Popovic(2000)):

VAC VDB
VAB VDC

l[dgc(F)| = (3)

Tir hinh 2b cho thay gié tri dsc nhay cam véi chiéu sau vét nit. Ung véi mic tan sé 16n hon 20 kHZ cho
méi quan hé gitra dsc va chiéu sau vét nat thé hién quy lut rat rd rang. Gia tri lan truyén dsc qua vét nut
luén nho hon 1 va gia tri ndy cang 16n thi chiéu sau vét nit cang nhoé va nguoc lai. Trén co s6 phuong phap
nay nhiéu treong hop nghién ctru khac nhau dé dy doan chiéu sau vét nut c6 thé ké dén nhu Popovics va
cong su (2000) da nghién ctru viéc sir dung su truyén séng bé mat qua vét nit dé do do sau cua vét nut
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trong bé tong. Trong nghién ctru ndy Popovics va cong su sir dung bdn dau do, déu nam trén mot duong
thang, nhan dinh voi vét nit cang sau, tai bé mat vét nat phan trim bién d6 soéng bi phan xa cang lon. Ky
thuat nay duoc cho la nhay cam vai cac vét niit c6 do sau khac nhau. Seong- Hoon Kee (2010) va cong su
tién hanh thi nghiém trén ban bé tdng c6 chiéu day 250mm. Vét niit véi d6 sau thay doi tir 10mm-100mm
dugc tao ra trong mau thir bang cach chén mot tam kim loai day 0,5mm trude duc bé tong.

 Thiét bi hién séng

T T T == --15 kHz
—&— 30 kHz

Thiét bi va dap

diéu khién Solenoid - -4 -- 40 kHz

—O0— 55 kHz

| I
\ z --% -~ 70 kHz
= e
3 o0s 85 kHz
g
@0 ©
_____ I 2
{3 l‘ 2 03
=
By 7§ Khe nirt £ 0.2
3 s
- ~ o 0.1
Mau thi nghiém » ,/ 0
0 20 40 60 80 100 120
L e ol J ‘
[ 30 mm | 30 mm " s0mm | Chiéu sau vét nirt, mm

o Hinh 2. Phwong phdp thi nghigm SWTM
a) so do bo tri, b) Quan hé chiéu sau vet nizt va dsc (Popovics, J. S.2000)

Tam kim loai duoc lay ra khoi bé tong 12 gio sau d6. Nho cac cap cam bién rung dong (air-coupled
sensors) do tin cay va tinh nhit quan trong cic phép do truyén séng bé mat ciing nhu téc do thi nghiém
dugc cai thién. Pong thoi dé& xuit dugc quan hé gitra hé sb lan truyén séng bé mat va chiéu sau vét nit
chuan hoé h/A. Foo Wei Lee va cong su (2016) thuc hién thi nghiém trén mot dam bé tong c6 kich thude
300mm x 300mm x 500mm nhu hinh 3. Mot tim x6p polystyrene mong duoc sir dung dé mé hinh vét nut
thing dung véi voi chidu sau vét nit 1an luot dugc thiét ké 1a: 25mm; 50mm; 100mm va 125mm.

Cam bién DCBA

| , Vét nivt
mé& bé mat
300 mm[ 500;mm
300 mm "

Hinh 3. Thi nghiém SWTM ddnh gid chiéu sau vét nit, Foo Wel Lee va céng s (2016)

Thi nghiém ciru méi quan hé giita bude song, do sau vét nat va bién do séng. So véi cac nghién ciu
trude d6 tac gia dua ra néu d/A (chiéu sau vét nut/ budc song) 1a 16n hon hodc gan bang 1, toe d6 giam bién
d6 séng R khdng c6 su bién ddi dang ké. Do chinh x4c wdc tinh d6 sau vét nit mé bé mat bang thyc nghiém
da duoc dé xuit giam khi chiéu sau cua vét nut trong bé téng tang 1én. Sy khac biét gitta d6 sau udc tinh
va thyc té 1a trong khoang +15%. Két qua nay cho thay rang phuong phép thi nghiém SWTM véi song R
dugc trich xuat hoan toan c6 thé udc tinh d6 sau vét nit mo bé mit vai sai s6 ¢6 thé chap nhan dugc.

2.3. Phwong phdp siéu ém khuéch tan (Diffusion Method)

V6i ky thuat siéu am khuyéch tan (Diffusion method) duoc p dung lan dau tién trén vat lidu bé tong bai
Anugonda and Turner (2001). Anugonda and Turner cho rang cac thong s khuyéch tan nhu do khuyéch
tan va do tan xa c6 thé thu dugc tir sw phil hop véi duong cong ning luong do duoc trong vat liéu xi mang.
Mt khéc su c6 mat ciia vét nut trong bé tong s& 1am hé sé khuéch tan bi suy giam gié tri va day ciing 1a y
tuong dau tién ciia phuong phap siéu am khéch tan. Ramamoorthy va Y. Kane (2004) str dung 4 mau ban
bé tong c6 kich thudc: 60,96cm x 60,96cm x 20,32cm, véi chidu sau vét nirt tao trudc 12 0 + 40% chidu day
ban. Khe nirt duoc tao trudc bang cach sir dung tam thép c6 chiéu day 3mm, dwoc boi dau dit vao khudn
trude khi d6 bé tong. Sau thoi gian ninh két ban dau 24h thi lay ra khoi bé tdng. Cac mau dugc che chin
can than. Céc tac gia tién hanh nghién ciru xac dinh biéu d6 ning lwong khuéch tan khi song siéu am lan
truyén ing véi hai truong hop truyén qua vét nut va khdng qua vét nit bang ca moé phong va thuc nghiém.
Két qua thu duoc vé do tré vé thoi gian tai vi tri gi tri ning luong khuyét tan 16n nhit cho ca hai truong
hop miu bé tong khong nirt va cé chira vét nit. Thong qua xac dinh thoi gian tré ndy, cac du doan danh gia
chiéu sau vét nut trong ban dwoc dua ra. Mi quan hé giita thoi gian tré va chidu sau vét nut thé hién trén
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Hinh 4. Trén co s& phuong phap nay nhiéu nhém nghién ciu trién khai cac nghién ctru nham wac tinh chiéu
sau vét nut thang dimg trong bé tong hoac vai nhiéu két cau véi cac truong hop cu thé khac nhau: Matthias
Seher (2013) ding phuong phap dé dinh luong chiéu sau vét nut thang ding (voi chiéu sau vét nat tir Ocm
+ 5cm) trén mau block bé tong bang md phong s6 va thuc nghiém.
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Hinh5. Phirong phdp thi nghiém thoi gian nhiéu xga

Hinh 4. Quan h¢ giira thoi gian tré ‘
lan truyen (TOFD), Ahn.E (2017)

va chiéu sau vét niit trong ban bé tong,
Ramamoorthy va nnk (2004)

Chi-Won In va céc cong sy (2017) ché tao nhitng dam bé tong c6 kich thuéc 243,8cm x 25,4cm X
15,2cm. Trong thi nghiém nay cac phép do siéu am khuéch tan duoc tién hanh bang cach sir dung mot cap
dau do may phat va may thu (Ultran WC 50 va Ultran GC500-D13, tuong (ng). Nhitng bo chuyén déi nay
c6 mot tan sb trung tam 1a 500kHz. Két qua xéac dinh chiéu sau vét niit tir md phong sb, va do thi nghiém
thong qua siéu am cho két qua kha twong dong.

2.4. Phwong phdp xdc dinh théi gian nhiéu xg lan truyén (Time of Flight Diffraction Method)

Phuong phép nay dugc Sansalone (1998) lan dau tién dé xuat. Trong ky thuat TOFD, song ung Suit dugc
tao ra & mot phia cua vét nut, véi thoi gian truyen song duoc theo ddi boi mot bo chuyén ddi dat & phia ddi
dién cua vét nut nhu trén hinh 5. S6ng ung suét c6 thé dugc tao ra boi mot xung co hoc, chang han nhu
dugc cung cap bai cac thiét bi siéu am, hoic boi tac dong co hoc, nhur trong ky thuat tleng vang tac dong.
Viéc sir dung tac dong trén bé mit dé tao ra cac séng ngang va séng doc lan truyén trong cau kién can kiém
tra. Ban chat van téc lan truyén cua song doc s& I6n hon cac séng ngang do d6 s€ lan truyén dén dinh vét
niit sém hon. Luc nay tai dinh cia vét nirt tré thanh ngudn phat sinh thir cip mai, cac séng ngang va song
doc méi dugc sinh ra (soéng thtr cap). Néu khoang cach tir cac cam bién nhan song (transducer) va nguon
gdy tac dong t6i vi tri cua vét nit 1a bang nhau, cac khoang cach nay dugc dé xuét 1a L = 150mm va 21 =
300mm (hinh 5) thi tir théng sé thoi gian lan séng doc lan truyén hoan toan c6 thé tinh duoc chidu sau vét

nat d, tinh bang milimet (mm) :
¢ =150 x ’4X§1250‘§3200 (4)
T300~Tis0
trong do:

Taso- thoi gian truyén xung (ng véi khoang céch giita dau do va vét niat bang 150mm, tinh bang micro
giay (ps); . . ) . .

Ta00 - thoi gian truyén xung tng véi khoang cach gitra dau do va vét nat bang 300mm, tinh bang micro
giay (ps).
2.5. Phuwong phdp phdt xa am hgc (Acoustic Emission - AE)

Phat xa am (AE) d& cap dén viéc song dan hdi sinh ra do su thay d6i tng suat dot ngot trong céi tric vat
liéu. Ky thuat AE la mot phuong phap thu dong da dwoc chirng minh Ia rat hiéu qua dé xac dinh vi tri céc
vét nirt nho va nghién ciru céc dang phé hoai khéc nhau trong két cdu bé tong. Tin hiéu AE do céc cam bién
dugc gén trén bé mat mau bé tong s& phat hién dwoc s c6 mat va su phat trién cac vét nut trong bé tong.
Trong thi nghiém AE mot s6 thdng s co ban nhu: s6 1an gia tai, s6 dém (AE count), thoi gian, bién do,
nang lwong va thoi gian ting nhu trong Hinh 6 déu dugc tu dong ghi lai. Tin hiéu AE do vét nit vi mé dugc
phat hién bsi cam bién AE gan trén bé mat mau bé tong. Mot s AE nhu vy céc thong s6 nhu s6 lan dénh,
s6 dém, thoi glan bién dg, nang lugng va thoi gian ting nhu trong Hinh 6 dugc ghi lai bang hé thong do
AE. Trong céac théng s6 co ban trén: bién do - Amplitude 1a dién &p 16n nhat, decibel (dB). Bién d6 do
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dugc ¢ dang séng, qua diéu chinh thong s6 Amplitude dé xac dinh dwoc kha nang thu thap, luu trit tin hiéu.

Khi nguoi van hanh dinh dang ngudng t6i thiéu ciia bién do thi cAc tin hiéu c6 bién d6 nho hon sé khong
duoc ghi lai. Thong s6 Rise time, R — Thoi gian tdng: tinh bang khoang thoi gian tir lie vuot qua bién do toi
thiéu dén luc dat dinh, va R ¢6 lién quan dén sy lan truyen song gitra nguon phat va cac cam bién. Khoang
thoi gian (Duration, D) la chénh Iéch thoi gian gitra lan vurot ngudng dau tién va lan cudi cung. S6 dém - AE
count(N): s6 lan ma cac song am thanh dwoc phét hién bai cam bién AE trong qua trinh kiém tra. Tham sé
nay phu thugc vao do 16n cia tin higu va cau trdc caa vat liéu. Hinh 6b thé hién két qua sir dung phuong phap
AE xac dinh duoc thoi diém phat trién cac vét nit trong mau bé tong trong qua trinh gia tai nén.

Thot gian ting

4 N 15 [ —— Ung suit - bién dang 740
h
H  AE- count
o 30
B ﬂ 10
= o
Y « =)
A =
4 lise Neguwong tin hiéu % 20 g
At A :
u U U V V VITrvwVv léh 5 g
=) 10
@ S6AE
0 0
« Khoane thoi ‘l 0 300 600 900 1200
oang thoi
gian Thoi gian, s

Hinh 6. Thi nghiém Acoustic Emission — AE
a) nguyén ly AE, b) AE cuia mau bé tdng chiza vét nut
3. Sir dung phwong phap TOFD xac dinh vét nit va s lweng vét niet trong bé tong cwong dd cao
Thi nghiém sir dung cac mau bé :téng cuong do cao dugc ché tao tir xi mang PC40, cat vang Séng L,
silica fume phu gia siéu déo theo cap phoi nhu bang 1 the hién. Ngoai ra sau thi nghiém do xung két qua
nén mau cho két qua thi nghiém do bén nén trén 90 MPa. Tuy nhién trong bai béo nay tac gia khong khao

sat moi quan hé gitra cuong d6 bén nén va két qua do xung.
Bang 1. Cdp phai ché tao mdu bé tdng

Ximing (g) | Silicafume(g) | catvang(g) nude (g) PG siéu deo(g)
1329 332,4 1662,2 266 120

Dé do thai gian lan truyén xung siéu am hoic do van toc lan truyén xung c6 3 cach b tri dau do, co thé
bd trf hai dau do trén hai mat déi dién ( truyén xung truc tiép), trén cting mot bé mit ( truyén gian tiép, hodc
truyén bé mat) va truyén trén hai mat canh (truyen ban truc tiép). Trong bai béo tac gia s dung phuong
phép do xung theo ca hai phuong phép truc tiép va gian tiép nhu mo ta ¢ trén. Mau bé tong sau khi duoc
dudng ho trong diéu kién nhiét 4m 3 ngay vét kho dé rao sau d6 tién hanh do xung theo hai phwong phap
tryc tiép va gian tiép nhu hinh 7 thé hién:

Ao =

Hinh 7. Thi nghi¢m do xung siéu am trén méu dam bé tong
a) do truc tiép, b) do gidan tiep

Két qua do xung duogc ghi lai trong bang 2. ‘
Bang 2. Keét qua do thoi gian lan truyén xung siéu dm theo phwong phap TOFD

x Truc tiép Gian tiép, us
Mau 1S 1 2 3 4
Mau nguyén 36,0 - 31,7 31,6 31,5
Mau c6 1 vét nit 40,6 38,3 44,7 36,9 50,8
Mau 2 vét nut 45,6 41,8 53,5 44,1 52,3
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Két qua do xung bang phuong phap truc tlep va gian tlep dé cho thiy khi mau bé tong c6 chtra vét nit
thoi gian lan truyén xung déu 16n hon. Va khi s6 lugng vét nirt nhidu hon thi thoi gian lan truyén xung ciing
I6n hon. Két qua thi nghiém trong bang 2 thé hién hiéu qua ctia phuong phap TOFD trong viéc phét hién
va kiém tra cac vét nat trong bé tong.

4, Két luan

Téc gia gisi thigu tong quan vé phuong phép siéu am 1a mot trong cac phuong phéap thi nghiém khong
phé& huy voi nam phuong phap dugc ap dung phd bién 1a: phuong phép tac dong tiéng vang (Impact-Echo
Method), phuong phap phat xa &m hoc (Acoustic Emission - AE), phuong phap lan truyén séng bé mat
(Surface Wave Transmission Method), phuwong phép siéu am khuéch tan (Diffusion Method), Phuong phap
xac dinh thoi gian nhidu xa lan truyén (Time of Flight Diffraction Method). Bong thoi théng qua sir dung
phuong phap nhidu xa thoi gian lan truyén (TOFD) dé do thyc nghiém mau bé tong 40mm x 40 mm Xx
160mm. két qua do cho thay khi mau bé tong c6 chira vét nit thoi gian lan truyén xung déu 16n hon. Va
khi s6 luong vét nit nhiéu hon thi thoi gian lan truyén xung ciing 16n hon. Két qua nay cho thay dé phat
hién va kiém tra cac vét nut trong bé tong phuong phap TOFD la mot trong cac phuong phép thi nghiém
khong pha huy dugc st dung hiéu qua nén dugc ap dung rong rai trong thi nghiém kiém dinh két ciu hién
truong.
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ABSTRACT

The theory of ultrasonic methods and their application
in evaluating cracks in concrete

Pham Thi Nhan!
HInnovation for Sustainable and Responsible Mining (ISRM)
Hanoi University of Mining and Geology

During the construction process or the use of construction works, under the impact of various loads,
there is a risk of cracks appearing, which can affect the aesthetics and safety of the structure. Therefore,
safety inspection of concrete structures through special testing methods, particularly non-destructive
testing, is essential. Ultrasonic testing is one of the commonly used non-destructive testing methods. This
method is widely used to check and predict defects in concrete materials, structures, or reinforced concrete.
The article synthesizes the theory and introduces five main ultrasonic methods that are commonly used to
evaluate cracks in concrete, including the Impact-Echo Method, the Acoustic Emission (AE) Method, the
Surface Wave Transmission Method, the Time of Flight Diffraction (TOFD) Method, and the Diffusion
Method. Additionally, the article presents some results obtained from ultrasonic pulse transmission time
(TOFD) testing on concrete samples with dimensions of 40mm x 40mm x 160mm. The analysis of the
collected data demonstrates the effectiveness of the TOFD method in detecting cracks and the number of
open cracks in concrete beam samples.

Keywords: ultrasonic pulse; concrete; pulse transmission time; crack
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