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Tém tit:

Phwong phap danh gia cwong d bé tong bing siéu 4m 12 phuwong phap thi nghiém khéng pha hiy. Cwong dd chiu
nén cua bé tong dugce xac dinh thong qua biéu d6 chuin quan h¢ giira cuong do chiu nén cia bé tong va vén tbc xung
siéu Am theo phlr(mg phap truyen true tlep Tuy thudc vao vi tri cia két cAu trén cong trinh, khi b6 tri dau do siéu
am thi van toc xung siéu 4m co thé thu dugc Kkét qua theo phu’o’ng phap truyen truce tlep hoac truyen ban truc tlep
Bai bao trinh bay két qua thue nghlem xac dinh hé s0 chuyen doi van toc xung siéu Am theo phwong phap truyen
ban truec tiép (do géc) sang vén toc xung siéu Am xac dinh bang phwong phap truyén truc tiép (do xuyén) trong thi
nghiém khong pha huy.

Tir khéa: Cwong dj bé tong, do goc, do xuyén, vdn toc xung siéu dm.

Chi s6 phén loai: 2.1

Pat van de Nguyén 1y ctiia phuong phéap siéu am 1a dya trén sy lan
truyén song co hoc c6 tan sé thap (thong thudong dudi 300
kHz) truyén di trong moi trudng vét chit cé tinh chat dan hoi
[2]. Thi nghiém tién hanh do vén tdc xung siéu 4m truyén
di trong bé tong dugc xac dinh thong qua thoi gian truyén
song T va chidu dai truyén song L (khoang cach giira tim
hai dau do) [3]. Thuc té, van téc xung siéu 4m trong bé tong
¢6 thé duge xac dinh bang mot trong ba phuwong phéap do sau
day, tily thude vao cach bd tri cac dau do ciia may siéu am:
Truyén truc tiép (do xuyén); truyén ban truc tiép (do goc);
truyén gian tiép (do mit).

Cong tac kiém dinh chit luong cong trinh déng vai tro
quan trong, phuc vu yéu cau quan ly k¥ thudt va an toan
trong qua trinh thi cong xay dung cong trinh, cling nhu danh
gia mirc d§ an toan cua cac cong trinh dang khai thac su
dung. Hién nay, c¢6 2 nhém ky thuat dugc ap dung khi kiém
dinh chét lugng cong trinh xay dung la k¥ thuat pha huy va
ky thuat khong pha hay. Véi ky thuat pha huay, sau khi thi
nghiém d6i twong s& bi pha huy va khong thé tiép tuc st
dung, dat ra yéu ciu phai c6 ky thuat khong pha hay. Cac
phuong phép k¥ thuat khong pha huy cho phép khao sat trén
dién tich rong, co thé lap di 1ap lai mot phép thir trén cung
mot d6i twong thi nghiém ma khong 1am anh huong dén kha
nang chiu luc cta két cdu. Phuong phép siéu 4m bé tong 1a

- Truyén truc tiép (do xuyén): Hai dau do cia may
siéu am dugc bo tri trén hai mat doi dién cua doi tugng thi
nghiém va dong truc véi nhau (hinh 1 A).

mot trong cac phuong phap thi nghiém trong ky thuat khong - Truyén bén tryc tiép (do goc): Hai dau do cia may
phé huy dugc su dung rong rai [1]. siéu am dugc bé tri trén hai mit vuéng goc véi nhau cua
L

- ]b

pAU DO TH o 00 Pl T;T o 00 THY

. 5:."-]]/—

ol 00 i Al ohu oo eit [ 47

A. Truyén tryc tiép B. Truyén ban truc tiép C. Truyén gian tiép
Hinh 1: Céac phuong phap do van téc xung siéu am.
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Abstract:

The assessment of the concrete strength using the
ultrasonic pulse velocity is a nondestructive testing
method. The strength of concrete shall be determined
from the relationship diagram between the concrete
strength and the ultrasonic pulse velocity using the
direct transmission method. Depending on the location
of the structure and the ultrasonic head, ultrasonic
pulse velocity could be obtained by the direct or semi-
direct transmission methods. This paper aims to present
the empirical conversion factor for the relationship of
ultrasonic pulse velocity in concrete between semi-
direct transmission method (angle testing) and direct
transmission method (direct testing) in a nondestructive
laboratory.

Keywords: Angle testing, concrete strength, direct testing,
ultrasonic pulse velocity.

Classification number: 2.1

dbi tuong thi nghiém, nhu truong hop ciu kién dam bé tong
cot thép (BTCT) o vi tri goc tiép giap voi tuong (hinh 1 B).

- Truyén gian tiép (do mit): Hai ddu do cia may siéu 4m
dat trén cung mot bé mit cua két cau. Truong hop nay ap
dung khi bé tong chi 16 mot bé mit nhu ciu kién san, cot
BTCT tiép giap voi twong (hinh 1C).

Khi kiém dinh chat luong cong trinh BTCT, phuong
phap siéu &m bé tong cho phép danh gia cuong do chiu nén
ctia bé tong hién truong. Theo Tiéu chuan Viét Nam TCVN
9335:2012 [4], cuorng do chiu nén cua bé tong duoc xac
dinh thong qua biéu do chuan thé hién mbi quan hé giira
cuong do bé tong véi van tdc xung siéu 4am theo phuong
phap do xuyén va tri sd sung bat nay.

Trong thyc té, khong phai luc nao ciing thu duge van toe
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xung siéu 4m bang phuong phap do xuyén. Pa s6 cac truong
hop, phai dat dau do ciia may siéu am theo phuwong phap do
mat va phuong phap do goc. Tuy nhién, Tiéu chuan Viét
Nam TCVN 9357:2012 [5] chua dé cap dén hé sb chuyén
dbi cua van tc xung siéu am tir phép do goc, do mit sang
phép do xuyen cling chua c6 nghién ctru trong nude dé
cap dén van dé nay. Nam 2016, tai liéu [6] da trinh bay
két qua nghién ctru hé s6 chuyén dbi van tde xung siéu 4m
theo phuong phap do mit vé phuong phap do xuyén 1a K =
1,469 cho bé tong tir mac M200 dén mac M300. Tuy nhién,
hién nay cic cong trinh nha cao tang thuong s dung bé
tong cuong do (mac) cao nén viéc khao sat nghién ctru thyc
nghiém hé s chuyén d6i van toc xung siéu 4m theo phuwong
phap do goc vé phuong phap do xuyén trong truong hop
phé bién con lai dé phuc vu cho céng tac kiém dinh chét
luong cac cong trinh nha cao tang 1a rat can thiét.

Phuong phap nghién ciu
Co 56 Iy thuyét

Nghién ctru thyc nghiém, do dac cac sb liéu thuc té trén
cdc mau thi nghiém dugc thiét ké véi cac mac bé t()ng khac
nhau, va dugc ché tao tir bé tong thuong pham cung cap cho
mot cong trinh thyc té. Tién hanh do van tc xung siéu am
theo phuong phap do géc va phuong phap do xuyén trén
ciing mot mau thi nghiém.

Khi d6, hé sb chuyén doi van téc xung siéu am theo
phuong phap do goc vé phuong phap do xuyén (K) cia mét
mac bé tong dugc xac dinh theo cong thire (1).

K:lxiKi (1)
n -

Trong do, K, 1a h¢ s6 chuyén d6i duoc xac dinh theo két
qua thi nghiém cua mau thir i, tinh theo cong thure (2).

K =Ls 2)

Voi ¥V 1a van téc trung binh ciia mau tht i, do bang
phuong ph‘zip do xuyén; Vg[ 1a van tbc trung binh ctia mau
thtr 1, do bang phuong phap do goc; n 1a s6 lugng mau thi
nghi¢m cta cung mot mac bé tong nghién ciru.

Heé sb bién dong cuia hé s6 chuyén déi (K) giita cac loai
mac bé tong khac nhau dugc xac dinh theo cong thirc (3).

x100% )

Trong do, K, 1a hé s0 chuyén doi cua loai mac bé tong
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thr j; K 1a h¢ s6 chuyén doi trung binh cta céac loai méac bé
tong; m la s6 luong loai mac bé tong nghién ciru.

Nghién ciru thuc nghiém hé Y chuyén doi vdn toc
xung siéu dm theo phwong phdp do géc vé phwong phdp
do xuyén (K)

Cdu tao mdu bé téng thi nghiém:

Thi nghiém duoc thuc hién trén cdc mau bé tong hinh
lap phuong c6 kich thudc canh a = 150 mm (hinh 2). Cac
mau bé tong nghién ciru duoc ché tao tir bé tong thuong
pham, bang cac loai bé tong dugc thiét ké cap phdi cac mac
M250, M300, M350, M400. Quy trinh ché tao va bao dudng
mau duge thuc hién theo Tiéu chuin Viét Nam TCVN
3105:1993 [7]. Sb lugng mau thi nghiém cho mdi loai mac
bé tong nghién ctru la 12.

150
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A. Kich thudc mau thi nghiem

B. Hinh &nh mau thi nghiém

Hinh 2. M4u bé tong thi nghiém.

Dung cu va thiét bi thi nghiém:

Van tde xung siéu 4m bé tong dugc do bang may siéu 4m
nhén hiéu TICO véi tan sb f= 54 kHz. Cac bd phén chu yéu
ctia thiét bi bao gdm bd phén tao xung dién; hai dau do (dau
phat va dau thu), mdi dau do c¢6 duong kinh 1a 20 mm; bod
phan khuéch dai va bo phan thiét bi dién dém thoi gian (hinh
3A). Trudc khi thi nghiém, tién hanh hiéu chinh thiét bi may
siéu am dé khong 1am anh huong dén két qua do, bang cach
sir dung thanh chuan da biét truéc thoi gian truyén song
trong d6 1a 20,4 ps (hinh 3B).

A. May siéu am vai dau do 20 mm

Hinh 3. May siéu am bé tong TICO.
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Quy trinh thi nghiém:

Chiéu dai duong truyén séng siéu am: Theo Tiéu chuan
Viét Nam TCVN 9357:2012 [5], chiu dai duong truyén t6i
thiéu 1a 100 mm déi v6i bé tong dung cdt liéu thé 20 mm va
dai t6i thiéu 1a 150 mm ddi véi bé tong ding cbt lidu tho tir
20 mm dén 40 mm. Vé4i bé mit khong dugc tao hinh béng
van khuon thi ding duong truyén tdi thiéu 1a 150 mm khi
truyén truc tiép va tdi thiéu 1a 400 mm khi truyén gian tiép.
Mit khéc, khi thay ddi chiéu dai duong truyén van toc xung
khéng bi anh huéng nhiéu, su thay ddi 14 rit nho va nim
trong pham vi d6 chinh xac cua phép do [5]. Do véy, trong
pham vi nghién ctru thi nghiém trén wu tién cting ciu tric bé
tong, dé thi nghiém duoc hai phép do trén cing 1 miu thi
nghiém thi Iya chon chiéu dai duong truyén song theo
phuong phap do xuyén la L = 150 mm va theo phuong phap
do goc laL=150/+/2 mm.

Do van téc xung siéu am theo phuong phap do goc va
phuong phap do xuyén: Mdi loai méac bé tong ché tao, liy
12 mau bé tong hinh 1ap phuong c6 kich thude hinh hoc
canh a =150 mm. Tién hanh thyuc hién do vén tdc xung siéu
am theo phuong phap do xuyén va theo phuong phap do goéc
trén cuing mot mau thi nghiém. Dit khoang cach giita tim
dau do phat va tim du do thu theo phwong phéap do gbc va
do xuyén 1an luot 1a L = 150/v2 mm va L = 150 mm. Mdi
mot phuong phap do trén déu duoc do tai hai vi tri duge
tiép giap voi van khudn ciia mau thi nghiém. Tai mbi mot vi
tri ctia phuong phap do goc thi dat dau do phat (T) va dau
do thu (R) nam trén 2 tryc vudng goc voi nhau (hinh 4B),
phuong phap do xuyén thi dit diu do phat (T) ddng truc voi
dau do thu (R) (hinh 4A).

B& mit bé tong tai cac vi tri do dugc lam phang, nhin
va str dung m& cong nghiép 1am chit dém truyén 4m tai cac
diém dit dau do, nham loai bo hét khong khi gitra cac dau
do va bé mat bé tong (hinh 4C).

B. Hiéu chinh may siéu am TICO
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A. Cac vi tri do xuyén B. Cac vi tri do goc

Hinh 4. Quy trinh do van tdc xung siéu am.

Tong hop va phan tich két qua thi nghiém

Thyc hién quy trinh thi nghiém siéu &m bé tong néu trén
thu duoc két qua thé hién o cac bang 1, 2. Tong hop hé
s0 chuyén doi dugc thé hién trong bang 3. Két qua cuong

C. Hinh anh thi nghiém

Bang 2. K&t qua thi nghiém trén bé tong dugc thiét k& cac mac
M350 va M400.

Siéu 4m bé tong mac thiét ké M350 Siéu 4m bé tong mac thiét ké M400

;. ~ Do . 5 .
d6 chiu nén thuc t€ cia cac mau bé tong hinh 18p phuong ) Pl Do xuyén Do goc
~ . N p A A A \ , Mau
trén, sau khi thuc hién xong thi nghiém si€u am thi dugc thi 4/ enism K K O
A r A I r 5 A A o * 14 14 14
nghiém nén dén trang thai pha huy thé hién trong bang 4. ] iy Volms] 5
Két qua tong hop ¢ bang 3 cho thay, hé¢ s6 chuyén doi N
. RSP T Miul 44318 42859 1,034 45455 44865 1,013
(K) cua 4 loai mac bé tong duogc nghién ctru déu 16n hon 1
va co6 hé so bién dong ctia h¢ so chuyén doi (K) gitra céc loai Miu2 44780 4392,0 1,020 45739 44380 1,031
maéc bé tong la v, = 0,28 %.
Miu3 43798 42427 1,032 46808 45368 1,032
Bang 1. K&t qua thi nghiém trén bé tong dugc thiét k& cac mac :
M250 va M300 Miu4 43989 43293 1,016 46165 44302 1,042
Sieu am bé tong mac thiét ké M250 Sieu am bé tong mac thiét ké M300 MEng  AEE NG 10ED S AP 1l
. Do xuyén Do gic Do xuyén Do géc Maéu 6 4538,9 4303,4 1,055 4526,7 4365,0 1,037
M;,m K K K K 1,031 1,028
thi ! ! %
L v, v, MAu7 44979 44380 1,013 45608 44783 1,018
nghiém V. [m/s] [mfs] v, [m/s] [mis]
MAug8 44980 42856 1,050 44979 44496 1,011
Miul 42317 39651 1,067 44314 42771 1,036
- MAu9 44979 4366,1 1,030 45883 44302 1,036
MAu2 43804 43561 1,006 43866 41977 1,045
" Miul10 44249 43299 1,022 44978 43650 1,030
Miu3 44453 40962 1,085 44118 42598 1,036
Mind  434l6 40410 1074 sSIls 43383 1040 Miull 44249 4161,8 1,063 44979 43470 1,035
u B B B 5 B 5
Mios 42797 41501 1031 560 42342 1.030 Miul2 43804 42864 1,022 44778 43292 1,034
MAu6 44054 42687 1,032 44710  4347,1 1,029 Trung binh  4446,4 43118 45519 44269
1,035 1,032
Miu7 42376 42344 1,001 44314 43561 1,017
2 R Ay 2 A A R Re
Miug8 43291 4312,0 1,004 43860 42943 1,021 Bang 3. Tong hgp két qua hé s6 chuyen doi (K).
MAu9 43543 41843 1,041 43542 42344 1,028 STT Mic bé tong K, K, HE s6 bién dgng v, (%]
Miul0 41788 40271 1,038 44379 42876 1,035 : M250 T
Miull 41783  4168,1 1,002 4196,5  4050,5 1,036 5 300 . 5 a5
Miul2 42748 41035 1,042 4202,5 40810 1,030
3 M350 1,031
Trung
B, 4303,1  4159,0 43818 42465 4 MA00 1,028 1,469 e
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Bang 4. Cudng dd chiu nén thuc t& clia cac miu bé tong trong
thi nghiém.

Cuong d9 chiu nén ciia bé tong R, [daN/cm’]

Mau thi nghiém
Mic thiét  Mdc thiét ké  Mdc thiét  Mdc thiét ké
kEM250  Mic300  ké M350 M400
Mau 1 257 325 372 412
Mau 2 275 319 375 420
Mau 3 280 322 350 428
Mau 4 270 338 360 426
Mau 5 263 310 365 415
Mau 6 278 335 385 410
Mau 7 258 328 378 418
Mau 8 268 315 380 405
MAu 9 273 308 376 421
MAu 10 254 330 368 409
Mau 11 252 302 369 408
Mau 12 260 305 352 400
Cuong do chiu nén
trung binh R, [daN/ 267 320 369 414
cm?]
Két luan Pat mac Pat mac Pat mac Pat mac
: M250 M300 M350 M400

Két qua thu dugc & bang 4 cho thiy, cac miu bé tong
thi nghiém trong nghién ctru nay c6 cuong dé chiu nén dat
mac thiét ké.

Keét luan va kién nghi

Nhiing két qua thu duoc tir nghién ctru thyc nghiém cho
phép khao sat duoc hé sé chuyén dbi van toc xung siéu am
tir phuong phép do goc vé phuong phap do xuyén dbi véi
mot sé loai bé tong dwoc sir dung phd bién trong két cdu
BTCT (M250, M300, M350 va M400). Tir d6, co thé rit ra
duoc mot sb két luan sau:
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- Bé tong duoc ché tao voi mac cang cao thi van toc
xung si€éu am do theo phuong phép do xuyén va do goc
cang 16n.

- Van téc xung siéu 4m do theo phwong phap do xuyén
cao hon so voi van tdc xung siéu am do theo phuong phap
do goc. Nhu vay, phuong phap do xuyén c6 nang lugng
truyén qua dau do dat mirc 16n nhat.

- Nghién ctru nay cho thiy, hé s6 chuyén ddi van tdc
xung siéu 4m theo phuong phap do goc vé phuong phap do
xuyén cua cac loai mac bé tong dugc nghién clru ¢6 gia tri
trung binh K = 1,032, véi hé s6 bién dong 1a v, = 0,28%.

Nhu Vay, v6i cac két qua ngh1en ctru thuc nghlem trong
khuon khé bai bao, c6 thé kién nghi 1dy gia tri hé s6 chuyen
d6i van téc xung siéu 4m theo phwong phap do goc vé
phuong phap do xuyén la K = 1,032 cho cac loai bé tong
¢6 mac bé tong tir M250 dén M400. Tuy nhién, can co cac
nghién ctiru rong thém dé cung b thém do tin cay cho tri )
K d6i voi bé tong cing mac nhung duoc thiét ké cip phdi
va thi cong & cac khu vue khac nhau véi cac ngudn cbt lidu
khac nhau & Viét Nam. Ngoai ra, anh huong cua thiét bi
truyén song khac vai thiét bi sir dung trong thi nghiém ciing
can dugce tinh dén khi xac dinh hé s6 K bé“mg thuc nghiém.
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