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AT LIEU

Nghién cu iing dung may siéu 4m bé téng dé xac dinh chidu day cho 16p
BTN mat duong

Tran Trung Viét"
1 Khoa xiy duwng Cau Pudng, Trudng Pai hoc Bach Khoa, Pai hoc ba Ning
T KHOA TOM TAT

Khong pha hay NDT
Bé tong nhua

Hién nay, phwong phap khéng pha hiy NDT (NonDestructive Testing) dugc stt dung phd bién trong viéc
danh gia, xac dinh cac khuyét tat cling nhu chi tiéu co 1y clia vat liéu. Nghién cttu nay tip trung vao viéc
P}j{dng.phép siéu am st dung mdy siéu am bé téng hién hanh (Matest Ultrasonics) dé xdc dinh chidu day 16p BTN miit duwdng tai
D% dn dinh masshal hién treong. Két qua duge thiét 1ap dwa trén 3 cip phdi khéc nhau ctia BTN C12.5, v&i cic chiéu day thay
di ti* 5-7cm. Két qua nghién citu d xut mé hinh twong quan giita d6 réng con du, d6 réng khung cbt
liéu, d6 6n dinh Masshal, chi s6 déo Masshal ctia BTN ciing thoi gian truyén séng siéu am (T) tit thiét bi
mAy siéu 4m Matest v&i chidu day ctia 16p BTN.

KEYWORDS ABSTRACT

NDT Nowadays, NonDestructive Testing (NDT) is commonly used in the assessment and identification of defects
Asphalt concrete as well as properties of materials. This study focuses on the use of concrete ultrasonic machines to
Ultrasonic method

determine the thickness of asphalt pavement layers at the site. The result is based on 3 different gradations
Masshal statbility

of asphalt concrete C12.5, with a thicknesses vary from 5 to 7cm. The results of the study proposed the
correlation model between the residual porosity, aggregate porosity, Masshal stability, Masshal plasticity

index of the asphalt concrete and ultrasonic frequency from the device Matest Ultrasonic with the thickness

of the asphalt concrete layer.

1. Pat van d&

Phuong phap thi nghiém khéng phé hiy NDT d4 va dang dugc
st dung rt phd bién trén thé giGi dé x4c dinh cac khuyét tat, cic chi
tiéu co 1y, cudng do, ciing nhw kich thuwée hinh hoc cta ciu kién va
vat liéu xdy dung. Trong d6, phuong phdp dung séng siéu am
(ultrasonics) thudng dwoce sit dung dé xc dinh chidu day, chi tiéu
cwong dd vat liéu: xdc dinh moé dun dan hdi [Rho et al., 1993; Toyris
et al., 2001; Freitas et al., 2010; Moradian and Behnia, 2009; Hu and
Wang, 2016], hay mé dun dan hdi dong ctia BTN [Pezhouhan et al.,
2017; Li et al., 20191, chidu day ctia mat duwong BTN, BTXM [Erwards
and Bell, 2016]. Trong céc nghién cttu trén, déu danh gia hiéu qua vé
k§ thuat cling nhu kinh té khi st dung phwong phap NDT dé xé4c dinh
cac chi tiéu cuong do vat liéu.

Tuy nhién, trong hiu hét cic nghién citu déu sit dung séng siéu
am dé x4c dinh cht yéu mé dun dan hdi (tinh va dong) ctia vét liéu,
con vé chidu day thi thudng st dung cho vat liéu c6 tinh ddng nhit
cao 1a BTXM. Theo nghién cttu ctia Erwards and Bell, 2016 thi khi s@
dung phuwong phédp séng siéu am dé xéc dinh chidu day 16p mit
duong BTXM cho dd chinh x4c cao hon mat duong BTN. Trong
nghién cifu ctia Erwards, két qua thi nghiém dugc xac dinh truce tiép
t tri s6 thoi gian truyén thu duge tir thiét bi do, chwa xét dén anh
huéng cac yéu té khéc cta vat lidu dic biét 1a BTN nhu: d6 rdng, ham
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lwgng nhuta, én dinh mashall... trong khi theo nghién citu clia Asmani
et al. 2001 chi ra céc dic trung co ly cia BTN anh hudng kha 16n dén
thoi gian truyén ctia séng siéu am.

Trong nghién cu nay, tip trung st dung phuwong phap thi
nghiém NDT dva trén séng siéu 4m cua thiét bi siéu 4m BTXM sfn c6
Matest Ultrasonics dé x4c dinh chidu day ctia 16p BTN. Céc chi tiéu co
1y ctia BTN bao gdm: d rdng du (r,), dd rbng khung cbt lidu (Va), do
én dinh Mashall (S) va chi sb déo Mashall (F) dugc xem xét phén tich
anh huéng dén thoi gian truyén ctia séng siéu 4m cta thiét bi Matest
Ultrasonics. M6t phuong trinh twong quan duge xiy diwng nhim hiéu
chuén dé st dung két qua tit Matest Ultrasonics x4c dinh chidu day
mat duong BTN.

2. Vét liéu va mo6 hinh thi nghiém
2.1. Vat liéu st dung

Trong nghién cttu nay, BTNC 12.5 dwgc Iita chon dé phan tich
véi 3 cép phéi tuwong Gng v&i can trén (CP1), can dudi (CP3) va
duwong trung binh (CP2) va theo TCVN 8819:2011.

Céc chi tiéu co Iy ctia cbt liéu dat theo TCVN 7572:2006, TCVN
7504:2005, TCVN 7495:2005, TCVN 7497:2005, TCVN 8860:2011.

Vi 4 thong s co 1y: d6 rong du (r), 46 rdng khung cbt liéu (Va),
d6 6n dinh Mashall (S) va chi s6 déo Mashall (F), nghién citu sé tién
hanh ché tao 30 t6 mAu (90 miu) v&i chidu day thay déi H=5+7 (cm).
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Hinh 1. Budng TPH cho 3 cip phéi nghién ctiu.

2.2. Xdc dinh cdc chi tiéu co Iy ctia mdu BTN

Céc chi tiéu co ly ctia BTNC12.5 dugc xéc dinh theo TCVN hién
hanh, thé hién nhu trong Bang 1 va Hinh 2.

Bang 1. Bang théng ké chi tiéu thi nghiém.

Chi tiéu thi nghiém Tiéu chudn thi nghiém

D6 én dinh, d6 déo Marshall TCVN 8860-1:2011

Ti trong khéi, khéi Iwgng thé tich cta TCVN 8860 - 5:2011

BTN da dAm nén

Ti trong 16n nhét, khéi lwong riéng TCVN 8860 - 4:2011

BTN & trang théi roi

Do rdng du (V,) TCVN 8860 - 9:2011

TCVN 8860 - 10:2011

Do rbng cdt liéu (VMA)

Thiét bi thi nghiém bo 4 chi tiéu co 1y trén

Két qua thi nghiém thé hién nhu trong Bang 2.

2.3. M6 hinh thi nghiém xdc dinh thdi gian truyén séng T

Pé do chidu day miu BTN, nghién citu st dung thiét bi siéu 4m
BTXM Matest PL200. & day, két qua thu dugc trice tip tiv thiét bi 1a
thoi gian truyén séng (T — ps). Va phuong phap do khong truc tiép
duoc sit dung. Mo hinh thi nghiém nhu trong Hinh 3.

Pé tién hanh do chiéu day bing thiét bi Matest Ultrasonics,
nghién cttu d& xudt khoang cach gita 2 dAu phat va thu tin hiéu AL=
80mm, khoang cich bao hai ddu do L=100 mm. Két qua do dac nhw
trong Bang 2.

Output: thoi gian truyén
song T (ps)

Hinh 3. So' dd xé4c dinh chiéu day BTN bing thiét bi Matest Ultrasonics.

3 Ay i W A A
ﬂ A - 4| - oy

Hinh 4. Xac dinh thoi gian truyén séng trén mau BTN.
2.4. Xdc dinh chiéu day mdu H
pé danh gia két qua do va xay dung mdi quan hé, chidu day cac

méu BTN ban diu sé dugce xdc dinh biang thude kep véi sai s6 0.1mm
(Hinh 5). Két qua nhu trong Bang 2.

Hinh 5. Xac dinh chidu day miu bang thuéc kep.
2.5. Két qud thi nghiém BTNC 12.5.

Sau khi tién hanh céc thi nghiém nhv di néu cho 30 t5 méu, két

qua thé hién nhu trong Bang 2.
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Bang 2. Téng hop két qua thi nghiém cho 3 cip phéi. 2.16 52,3 3,99 [19,57 |7,50 3,57 51,1
STT MAu | H (mm) | 7, (%) | Va (%) | S(KN) | F (mm) | T (us) 2.17 52,0 3,77  [19,38 8,11 2,45 47,4
1.1 52,6 4,06  [18,08 8,76 3,40 37,6 2.18 50,8 1,30 [17,31 [10,37 2,8 47,6
1.2 52,4 3,30 [17,42 |7,56 2,16 34,8 2.19 55,5 5,38 (20,73 |7,78 3,27 50,8
1.3 51,5 3,32 (17,44 |7,71 2,35 33,4 2.20 55,5 3,89 [19,49 |7,78 3,39 51,3
1.4 55,8 6,25  [19,95 |5,62 2,99 34,3 2.21 54,5 4,37 19,89 9,79 2,39 48,5
1.5 54,5 4,22 [18,22 |7,64 2,77 34,0 2.22 60,9 6,05 [21,30 |7,93 3,27 55,6
1.6 54,8 3,89 (17,93 7,23 2,83 33,4 2.23 60,2 578  [21,07 |8,73 3,4 53,0
1.7 60,5 7,68 (21,17 8,97 2,62 40,5 2.24 59,1 514  [20,53 9,32 3,37 54,5
1.8 58,5 7,21 [20,77 |10,91 (3,03 36,2 2.25 65,0 586  [21,14 |7,80 3,51 55,7
1.9 61,0 8,12 [21,55 9,02 3,96 26,3 2.26 64,8 6,36 [21,55 9,27 3,4 57,2
1.10 64,6 8,86 (22,18 [12,41 (3,47 28,3 2.27 64,0 5,70  [21,00 |9,57 3,94 57,4
1.11 64,1 8,58 [21,94 [11,03 (2,86 26,3 2.28 67,8 7,42 [22,45 9,88 4,87 60,2
1.12 65,2 8,31 21,70  [9,22 3,97 32,7 2.29 68,7 8,42 (23,28 (8,20 4,07 63,3
1.13 69,5 8,70 (22,04 |5,48 2,70 47,6 2.30 69,1 7,78  [22,75 8,93 4,28 63,5
1.14 69,1 8,35 21,74 (9,18 3,46 50,5 Chp phéi 3

1.15 71,4 8,96 (22,26 8,17 4,20 50,5 3.1 51,7 2,53 [18,62 |6,52 3,49 49,1
1.16 53,3 3,46 [17,89 9,46 2,72 32,2 3.2 51,8 2,71 18,78 (6,65 2,32 49,3
1.17 52,3 2,73 (17,27 |11,38 |2,64 30,0 3.3 51,6 1,95 [18,13 |6,86 4,04 48,8
1.18 50,4 1,59 [16,31 [12,38 [2,60 27,9 3.4 54,7 3,16  [19,15 |7,88 2,61 50,6
1.19 54,6 456  [18,83 9,19 3,13 34,4 3.5 54,6 2,66  [18,73 |8,72 2,70 51,5
1.20 56,5 4,71 18,96 |6,54 2,82 38,5 3.6 57,5 2,37  |18,49 |5,24 3,61 54,7
1.21 54,5 1,27  [16,03 (8,68 3,49 36,3 3.7 59,8 4,56 (20,32 9,07 3,66 54,8
1.22 60,5 5,30 [19,46 8,46 3,51 51,0 3.8 60,7 4,48 (20,25 |7,36 3,56 57,4
1.23 60,1 4,60 [18,87 (9,40 3,27 63,2 3.9 60,1 4,55 (20,31 (8,29 4,45 56,3
1.24 61,6 5,21 19,38 (7,48 3,20 46,8 3.10 66,3 6,77 (22,17 7,30 4,29 63,2
1.25 66,5 5,83 [19,91 [10,03 (3,13 43,5 3.11 67,1 581 (21,36 6,71 3,79 64,1
1.26 66,2 548  [19,61 11,03 (3,78 45,5 3.12 65,2 599  [21,51 |7,57 3,43 60,0
1.27 66,6 5,82  [19,90 8,38 3,40 49,0 3.13 68,9 8,47 (23,58 (8,09 4,90 63,2
1.28 70,4 6,88 (20,80 8,06 3,69 48,0 3.14 69,6 9,33 (24,30 |7,59 4,75 64,9
1.29 70,2 6,77  [20,71 8,47 2,67 47,7 3.15 69,5 9,13  [24,14 |7,07 4,64 64,5
1.30 71,2 7,18 [21,06 |7,58 4,16 49,3 3.16 51,5 2,15  [18,30 [8,45 3,01 48,4
Cép phéi 2 3.17 51,0 2,25 18,39 (8,40 3,43 47,9
2.1 52,6 4,28 [19,82 6,46 2,86 48,4 3.18 51,5 2,88  [18,91 (8,96 3,44 48,5
2.2 52,3 3,82 [19,43 |6,34 2,97 48,9 3.19 56,6 3,68 [19,58 |6,53 3,34 53,6
2.3 50,9 3,21 18,91 (8,80 3,2 45,7 3.20 55,1 3,68 [19,58 |7,00 3,55 52,9
2.4 54,1 1,98 (17,89 8,82 3,1 46,8 3.21 55,5 4,71  [20,44 |6,30 3,25 53,7
2.5 55,4 4,78 (20,23 (8,44 3,31 48,2 3.22 61,0 3,59 [19,51 |6,79 3,23 55,6
2.6 57,0 590 [21,17 7,33 2,29 54,4 3.23 61,6 3,82 (19,70 |6,41 4,49 56,7
2.7 59,2 514 (20,53 8,30 3,66 53,0 3.24 61,9 4,68 (20,41 (5,36 3,69 57,9
2.8 59,1 6,18  [21,41 7,97 2,99 55,0 3.25 65,0 2,27  [18,41 [8,60 4,11 58,3
2.9 59,6 518  [20,57 7,83 3,9 51,7 3.26 66,5 3,32 (19,28 |7,12 4,11 60,0
2.10 65,6 6,31 [21,52 9,30 3,76 51,9 3.27 66,7 3,42 [19,37 |7,00 4,90 60,9
2.11 65,5 6,11 (21,35 (8,85 3,5 56,0 3.28 70,3 5,24  [20,89 7,01 5,00 63,7
2.12 65,9 6,67 (21,82 [8,74 3,47 59,0 3.29 70,5 4,57  [20,32 6,71 4,70 64,3
2.13 69,7 9,20 (23,93 |7,91 3,35 47,7 3.30 71.3 5,30  [20,93 |6,45 4,98 65,3
2.14 69,7 7,60 22,60 (8,93 2,77 61,2 * Iwtu ¥ 1.20: s6 dAu chi cip phbi 1, s6 sau chi sb tt mau TN
2.15 70,0 8,26 (23,15 |7,70 3,68 67,2
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3. Xac dinh chiéu day H truc tiép tit thoi gian truyén séng (T) ctua
thiét bi Matest Ultrasonics

Tit két qua thi nghiém, két hop v&i cac dé xudt ctia cac nghién
cttu ctia Erwards, Hu [Erwards and Bell, 2016; Hu and Wang, 20161,
chiéu day cua lwép BTN sé dugc xc dinh truc tiép tit s lidu do cia
thiét bi do (thoi gian truyén séng T). Pé xdy dung tuong quan giita
chiéu day H va T, nghién citu d& xuit 2 mé hinh tuyén tinh (linear) va
bac 2 (quadratic). Két qua nhu trong Bang 3 va Hinh 6.
H=a,+a;T
H=a,+a;T+a,T?

- M6 hinh linear:

- M6 hinh quadratic:

Bang 3. Két qua d4nh gid m6 hinh.

M6 hinh Linear M6 hinh Quadratic
CP1 |R? 0,31 0,29
P-value 0,00086 0,00380
CP2 |R? 0,64 0,63
P-value 7E-8 6E-7
CP3 |R? 0,86 0,87
P-value 1,3E-7 4E-9

Tt két qua phén tich, ta nhan thy chi c6 CP3 12 ¢6 thé st dung
duoc tryc tiép két qua i thiét bi Matest Ultrasonics, hai CP con lai
cho hé sb twong quan qua bé, va két qua nay phit hop v&i nhén xét
cua Erwards and Bell, 2016 (Hinh 6b). o} day ta con nhan théy, véi
cAp phdi 1 (CP c6 ham lugng hat min cao nhét) thi két qua do cho
thdy rit nhay: didu nay cho thdy tinh chit co 1y cia BTN c6 anh
hwéng dén thoi gian truyén séng siéu am (T).

Tit két qua trén Hinh 6, v&i CP3 mbi tuong quan gitta KQ tit
mo hinh d& xut va sb liéu do duge xac dinh nhu trong Hinh 7. T két
qua Hinh 7, ta nhan thit khi chidéu day mau BTN 16n hon 65 mm thi
bién d6 dao dong sai sb gita mé hinh va két qua do cang 16n
(R2=0,86). biéu nay c6 thé dugc giai thich do anh huwdng cta cac chi
tiéu co 1y ctia mau 16n sé nhay hon cdc mau cé kich thude nho, nén
khi bo qua anh hwdng cac yéu té nay két qua cho tri s khong chinh
xéc. Phan két qua nay ciing phit hop v&i nghién ctu ctia Erwards and
Bell, 2016 (Hinh 6b).

Tit cac két qua nay ta c6 thé thiy viée st dung tryc tiép gia tri
tit phwong phdp do NDT tit séng siéu 4m cta thiét bi Matest
Ultrasonics dé xac dinh chiéu day BTN cho két qua chwa chinh xéc, d6
sai s6 con rat 16n. Vi vy viéc xét dén cac yéu t6 tinh chéit co ly cta
BTN trong mb hinh 1a cin thiét.

(75,0
@CP3 #CP2 ACP1
70,0 A
AA A
E 65,0 '7iKA
) A
E600 4 XA
= A
A
55,0 \ i ¥
y=1,0724x~0,1456
A Al‘i A 22 (),8599
50’0'—A...|.. ™ T L
25,0 35,0 45,0 55,0 65,0 75,0
T (ps)
(b) 3 0 ("2 "7 outhers, not inciuded
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| o e
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E 10 @ S y =094 +0.77
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Hinh 6. Twong quan gitta H va T: (a)- Két qua 3 CP; (b)- KQ cua
Erwards and Bell, 2016.

75,00 = T T T
@ Linear without asphlat properti
A7O,OO - —
g R =0,8599 h &
E65,00 K
3 o5
€ 60,00 g
3 RpRrG
255,00 A §
Zoio | gt
()
50,00

50,0 55,0 60,0 65,0 70,0 75,0
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Hinh 7. So sanh két qua mé hinh d@ xuét va sb liéu do cho CP3.

4.Phan tich anh huéng cta cac chi tiéu co 1y dén thoi gian

truyén séng T ctia thiét bi Matest Ultrasonics.

Pé phan tich anh hudng cua cac chi tiéu co Iy BINC 12.5 dén thoi
gian truyén séng, nghién ctu st dung hé sb twong quan p (coefficient
correlation) dugc xac dinh theo cong thic sau.

_ LG =00 - )

oio}

pxy

trong do:
X , y la gia tri trung binh cta 2 dai lugng X,Y.
02, o2 1a dd léch chuén binh phuong 2 dai lugng X,Y.
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Hé sb twong quan thay ddi trong khoan —1 < p < 1, hai dai
lvong X, Y duge xem 1a c¢6 anh huwong phu thudc nhau khi p # 0,
ngugc lai thi xem nhv 2 dai Iwgng nay 13 doc 1ap nhau. Trong phan
nay chi xét anh huwdng doc 14p cac yéu td.

4.1. Phén tich dnh huwéng ctia d6 én dinh Marshall dén thoi gian truyén

song siéu dm
Tit két qua & Bang 2, ta tién hanh xdc dinh hé sé twong quan

gitta do 6n dinh Mashall (S) dén thoi gian truyén song (T) cho 3 CP va
td hop 3 CP. Két qua nhu trong Hinh 8.

b
® 200 ®ho

60,0 1 : 65,0 1 o3
60,0 4 Qe
@ 50,0 1 o o
2 00 '-'-..f_‘ °® 55,0 4 099"
oy o2 | 1 % 5
= oy e 001 o e eg
30,0 1 o &9 45,0 1 8
20,0 1 1 i
4,00 8,00 12,00 16,0 4,00 8,00 12,00
5,0 1
65,0 4 ’
»;;) w. 0.0
20009 @ S 9 5,0
. 0
5504 @ 20 e 0.0
e? :
50,0 4 ® g 5.0 4
45,0 ettt IRIE SES—— .
4,00 8,(&0 12,00 4,00 8,00 12,00
S (kN) S (kN)

Hinh 8. Biéu dd twong quan giﬁ’aDS va T: (a)-CP1, (b)-CP2, (c)-CP3,
(d)-Té hop 3 CP.

Két qua phéan tich trong 4 cAp phéi cho thdy d6 én dinh
Marshall ¢6 hé s6 twong quan véi thoi gian truyén twong tGng 1 pl=
-0,31; p2= 0,12; p3= 0,21; p4= 0,17; didu nay c6 nghia la tri s6S ¢
anh hudng dén thoi gian truyén séng T. Tuy nhién & day ta théy tri s6
nay khong qua 16n (<0,4) nén anh huéng cta chi tiéu nay dén thoi

gian truyén trong mau 14 khong qua 16n.

4.2. Anh hueéng ctia d6 déo Marshall dén thoi gian truyén séng siéu dm

Tit két qua & Bang 2, ta tién hanh xac dinh hé sé twong quan
gitta chi sb déo Mashall (F) dén thoi gian truyén song (T) cho 3 CP va
té hop 3 CP. Két qua nhu trong Hinh 9.

Két qua phan tich cho thiy hé sb twong quan giita chi tiéu co ly
d6 déo Marshall v&i thdi gian truyén trong mau BTN 1é6n (p1= 0,33;
p2= 0,53; p3= 0,77; p4= 0,69) nén d6 déo Marshall sé cé sy anh
huéng 16n dén thoi gian truyén séng siéu am.

Ta c6 thé nhan thiy, do déo Marshall cang 16n thi thoi gian

truyén séng siéu 4m cang 16n va nguge lai.

(a) b
70,0 p;=0.33 [ (7(?0 p,=0.53
T |
60,0 65,0 29
= .
60,0 @
75001 o .f.. @ S o
2 o ©°. 5501 @
T %eay 500 4 oo
30.0 % L] ’ ‘. ".
01 J. ° o 45,0
20,0 ' ' 40,0 ' ' :
2,00 3,00 400 500 2 3 4 5 6
(o) (d)
70,0 p4=0.77 70,0 p=0.6
65,0 ° 56 65,0 9....'3
600 1 o g.-'® 6004 @ ‘3,.-'0
8550 g; L4 55,0 -i o
=29,V 1 2, L]
&50,0 4 q.‘".' @ o 50,0 1 s‘ﬂﬂ °
45,0 4 45,0
40,0 ' ' r 40,0 ' ' '
2,00 3,00 4,00 500 6,00 2 3 4 5 6

Do déo Marshall mm Do déo Marshall mm
Hinh 9. Biéu dd twong quan gitta € va T: (a)-CP1, (b)-CP2, (c)-

CP3, (d)-Té hop 3 CP.
4.3. Anh huwéng ctia d6 réng du dén thoi gian truyén séng siéu dm
Tir két qua & Bang 2, ta tién hanh xac dinh hé sé twong quan

gitta d6 réng du (r,) dén thoi gian truyén séng (T) cho 3 CP va té hop
3 CP. Két qua nhu trong Hinh 10.
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Dg rong du % Do rong du %
Hinh 10. Biéu do twong quan gitta rq va T: (a)-CP1, (b)-CP2, (c)-

CP3, (d)-Té hop 3 CP.
Két qua phan tich cho thdy d6 réng du ¢6 sy anh hwdng 16n dén

thoi gian truyén clia séng siéu 4m trong mau BTN v6i 4 hé sb twong
quan tuong Gng 1a pl= 0,58; p2=0,62; p3= 0,77; p4= 0,62.
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Tit két qua phén tich ta c6 thé thiy, d6 réng duv cang 16n thi
thoi gian truyén cang 16n va nguoc lai.

4.4. Phdn tich dnh hieéng ciia d rong khung cét liéu dén thoi gian truyén

song siéu dm

Tit két qua & Bang 2, ta tién hanh xac dinh hé sé twong quan
gitta d6 réng khung cbt liéu (VMA) dén thoi gian truyén séng (T) cho
3 CP va tb hop 3 CP. Két qua nhu trong Hinh 11.

@ (b)
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Do rong khung cdt lidu % Do rdng khung cbt lidu %
Hinh 11. Bidu dd tuwong quan gitta Va va T: (a)-CP1, (b)-CP2, (c)-
CP3, (d)-T hop 3 CP.

Két qua phan tich cho thiy d6 rdng khung cbt liéu c6 sy anh
hwéng 16n dén thoi gian truyén cta séng siéu 4m trong mau BTN véi
4 hé sb twong quan twong Gng la pl= 0,20; p2=0,74; p3= 0,77;
p4= 0,66.

Tit két qua phén tich ta c6 thé thiy, d6 réng khung cbt cang 16n
thi thoi gian truyén cang 16n va nguoc lai.

4.5. Nhdn xét

Qua céc biéu dd trén thi ta thiy cdc chi tiéu co 1y anh huong
nhiéu dén thoi gian truyén. Pic biét 13 do rdng cau khung cbt liéu
ciing nhv d6 rdng du va chi sé déo Mashall. V&i BTN C12.5, khi c¢6 d6
rbéng va chi sb déo Mashall cang bé thi thdi gian truyén séng cang bé:
diéu nay dvoc giai thich vi tbc d6 truyén séng siéu 4m trong khong
khi nhé hon rét nhiéu so véi vat liéu nhi ddu mo, polyme.

Nhuv véy, dé xdc dinh duge chinh x4c hon chidu day ctia 16p BTN
thi cin phai xét dén anh hwong ctia 4 nhan té co ly: d6 réng du (ry),
d6 rbng khung cbt liéu (Va), d6 én dinh Mashall (S) va chi s6 déo
Mashall (F).

5. Xay dung mé hinh hiéu chuén xac dinh chiéu day 16p BTN tir
két qua do ctia may Matest Ultrasonics

Pé xay dyng mé hinh tuong quan giita cac yéu té (r, Va, S, F,
T) dén chiéu day 16p BTN C12.5 (H), nghién cifu st dung phwong
phap hdi quy da bién va phan tich théng ké. Trong phan tich nay, 3
mé hinh twong quan duoce d& xut: tuyén tinh (linear), interactions, va
mo hinh bic 2 (quadratic) (Bang 4). Tinh tuong hgp ctia cic mo hinh
dugc danh gia thong qua 3 gia tri: R?, p-value (probability value), va
tdng sai s6 binh phuong (¥ Er).

Pé mo6 hinh c6 y nghia thi p < 0,05; R*>0,85.

Y=H; X1=rg; X2=Va; X3=S§; X4= F; X5=T

Bang 4. Cic mo hinh twong quan dé xuét.

Mo hinh MO ta
Linear >
Y=a,+ Z a;Xi
i=1
Interactions > G
Y=ay+ Za,-Xi +Z Z Qs 44 jXIX]
i=1 i=1 j=i+1
Quadratic > G >
Y=a,+ aiXi+Z Z a5+i+inXj+Za15+iXiz
i=1 i=1 j=i+1 i=1

Pé phéan tich mé hinh, nghién ctu st dung céng cu fitlm
(Fitting linear regression model) trong Matlab dé xac dinh cac théng
s6 danh gia néu trén ciing cac hé sé twong quan (a;) ctia cic mé hinh.

Két qua dugce thé hién trong Bang 5.

Bang 5. Két qua phan tich cdc mé hinh.

Linear Interactions Quadratic
CP1 |R? 0,871 0,966 0,972
p-value 6,52E-10 1,32E-7 1,37E-5
(% Er). 2,70 1,84 1,73
CP2 |R? 0,921 0,956 0,945
p-value 1,93E-12 6,22E-7 2,15E-4
(ZED). 2,01 1,95 2,12
CP3 |[R? 0,981 0,989 0,966
p-value 8,82E-21 5,95E-11 1,4E-6
QEn). 0,952 1,06 1,27
T6 hop |R? 0,817 0,960 0,890
p-value 1,57E-29 9,57E-26 1,7E-25
(ZED). 2,93 1,53 2,52

T# két qua phan tich trong Bang 5, ta nhan thdy mé hinh

Interactions 13 phit hop nhét: sai sé nho, phuong trinh khéng qué phitc
tap va tit ca cac CP déu dam bao. Vi vdy, nghién citu d& xuit st dung
md hinh Interaction dé xay dung twong quan hiéu chinh xic dinh
chiéu day 16p BTN tir thiét bi Matest Ultrasonics. Két qua phén tich
duoc thé hién trong Bang 6.
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Bang 6. Phwong trinh twong quan hiéu chinh d@ xuét.

MO0 hinh Phuong trinh twong quan

M1 Y=1774+77,83X,-111,5X,-67,58X; + 30,37X, -
(CP1) 38,99X; + 0,34X,.X,-3,17X,.X5 + 1,00X,.X,
-1,89X,.X5 +4,24X,.X5-1,97X,.X, + 2,55X,.Xs

+0,78X5.X, +0,003X5.X5-0,07X,. X5

M2 Y =-15493.5-804,70X,-952,56X, + 865,56X
(CP2) - 160,47X, +429,10X; + 0,43X,.X, + 44,87X,.X,
-268,31X,.X, + 22,07X,.X5-3,24X,. X5+ 319,35X,.X, -

26,38X,.X5-0,68X5.X, + 0,013X,.X; - 0,20X,.X;

M3 Y =3239,34 + 164.90X,-197,64X,-709,19X,
(CP3) + 966,11X, -32,82X; +0,22X,.X,-35,89X,.X; +
48,90X,.X, -1,83X,.X; + 43,09X,.X,
-58,65X,.X, +2,07X,.X5-0,34X,.X,
-0,014X,.Xs +0,095X,.X;

M4 Y =488,18 + 23,81X,-32,41X, -8,08X,
(Té hop) | +200,38X, -18,07X; +0,44X,.X,-0,25%;.Xs +9,42X,.X,

-1,13X,.Xs +0,81X,.X,
-12,29X,.X, +1,20X,.X5-0,39X,.X,

-0,09X,.X5 +0,16X,.Xs

Ti cdc phuong trinh trén, ta c6 két qua so sanh gitta sb lidu
do mAu thuc té va két qua xac dinh tit mé hinh d& xuit nhu trong
Hinh 12-15.
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H experimental (mm)
Hinh 12. So sdnh két qua gitta mé hinh d& xuit va s6 lidu thyc
nghiém cho CP1.
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Hinh 13. So sanh két qua giita m6 hinh d& xuét va s6 liéu thuc
nghiém cho CP2.
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Hinh 14. So sanh két qua gitta mé hinh dé xuét va s6 liéu thuc
nghiém cho CP3.
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Hinh 15. So sanh két qua gitta m6 hinh d8 xuét va sb liéu thue
nghiém cho t5 hgp CP1+CP2+ CP3.

Tit cac két qua trén Hinh 12-15, ta nhan thiy két qua ctia mb
hinh d@ xudt (interaction) trong nghién citu cho két qua phit hop véi
s6 liéu thuc nghiém thic té. Cac hé sb twong quan (R?) va chi sb p-
value ddu chi ra mo hinh d& xuit 1a phit hop cho BTN C12.5
(R?>0,93, p-value < 6E-7).

O day, ta tién hanh so sanh két qua ctia CP3 v6i mé hinh linear
d@& xult & muc 3 (Hinh 7- khong xét anh hudng ctia chi tiéu co 1y BTN)
v6&i md hinh Interactions (M3, M4) d& xuét khi xét dén anh hudng 4 chi
tiéu co 1y ctia BTN. Két qua chi ra, mé hinh Interactions cho két qua
chinh x4c hon véi mé hinh linear, dic biét khic phuc duoc bién do sai
s6 khi chidu cao mAu 16n & mé hinh linear: diéu nay c¢6 thé duoc giai
thich, khi khoang cach 16n thi thoi gian nhan séng cang bi anh hudng
clia d6 réng du ciing nhv khung c6t liéu cang nhay hon, khi xét dén 4
chi tiéu co 1y trén thi s& khtt dwgc sai s§ trén trong qué trinh do bang
thiét bi Matest Ultrasonics. Két qua nhu trong Hinh 16.
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Hinh 16. So sanh két qua gitta m6 hinh linear (khong xét 4 chi tiéu
co 1y BTN) va mé hinh d@ xuit M3, M4 cho CP3.

6. Két luan va kién nghi

Tit két qua phan tich trén mé hinh, nghién ctu d chi ra vai trd
quan trong trong viéc xét dén anh hudng cta cic chi tiéu co Iy cia
BTN (do réng du -r,, d6 réng khung cbt liéu -Va, d6 én dinh Mashall -
S va chi s6 déo Mashall -F) dén viéc st dung thiét bi siéu 4m Matest
Ultrasonics dé xac dinh chidu day 16p BTN C12.5.

Véi 3 cAp phbi da thue hién, nghién ctu di d& xuit 4 mé hinh
twong quan dé xac dinh chidu day 16p BTN tit két qua do thiét bi
Matest tuwong tng cho 3 CP1, CP2, CP3 va to hgp 3CP: M1, M2,
M3,M4. Cac mo hinh d@ xuit ddu cho két qua twong thich véi sb liéu
thye nghiém (R?>0,93; p-value <6E-7).

Tuy nhién, két qua nghién citu chi phit hop cho BTN C12.5 v&i
ham lugng nhia 4,5 %, bot khodng 8 % va sit dung ¢4 mo Hoc Khé,
BoOt Khoang tai Pai Hiép va chi xdc dinh cho mét duong ¢6 1 16p BTN.

Dé st dung dugc thiét bi Matest Ultrasonic di xdc dinh chiéu
day cho céc loai mit dudng BTN khéc nhau cin thuyc hién thém
nghién cttu véi cdc ham luwgng nhya khac nhau, BTN C19 va cho két
cAu mit duong 2 16p BTN.

Tai liéu tham khao

[1].
[2].
[3].

[4].
[5].

[6].

[71.

[81.

[91.

[10].

[11].

[12].

[13].

[14].

Pham Duy Hitu, Bé tong Asphalt, Nha xult ban Giao thong vén tai, 2008.
TCVN 8819-2011, Mit dwong BTN néng — Thi céng va nghiém thu.

TCVN 8820-2011, Hén hop BTN néng — Thiét ké theo phuong phap
Marshall.

TCVN 8860-1(12):2011, Bé tong nhya — Phuong phép thu.

V. L. D. A. Freitas, V. H. C. D. Albuquerque, E. D. M. Silva, A. A. Silva, and
J. M. R. S. Tavares, “Nondestructive characterization of microstructures
and determination of elastic properties in plain carbon steel using
ultrasonic measurements,” Materials Science and Engineering A, vol. 527,
no. 16-17, pp. 4431-4437, 2010.

Z. A. Moradian and M. Behnia, “Predicting the uniaxial compressive
strength and static Young's modulus of intact sedimentary rocks using the
ultrasonic test,” International Journal of Geomechanics, vol. 9, no. 1, pp.
14-19, 2009

M. Asmani, C. Kermel, A. Leriche, and M. Ourak, “Influence of porosity on
Young's modulus and poisson's ratio in alumina ceramics,” Journal of the
European Ceramic Society, vol. 21, no. 8, pp. 1081-1086, 2001

Toyrés, T. Lyyra-Laitinen, M. Niiniméki et al., “Estimation of the Young's
modulus of articular cartilage using an arthroscopic indentation instrument
and ultrasonic measurement of tissue thickness,” Journal of Biomechanics,
vol. 34, no. 2, pp. 251-256, 2001

J. Y. Rho, R. B. Ashman, and H. Turner, “Young's modulus of trabecular and
cortical bone material: ultrasonic and microtensile measurements,” Journal of
Biomechanics, vol. 26, no. 2, pp. 111-119, 1993

Eryi Hu and Wenjin Wang. The Elastic Constants Measurement of Metal
Method at
Temperature. Mathematical Problems in Engineering. Volume 2016,
Article ID 6762076, 7p.

Pezhouhan T-K.Ilker B., Xuan C., and Mansour S. Application of Ultrasonic

Alloy by Using Ultrasonic Nondestructive Different

Pulse Velocity Testing of Asphalt Concrete Mixtures to Improve the
Prediction Accuracy of Dynamic Modulus Master Curve. ASCE International
Conference on Highway Pavements and Airfields, p.152-164, 2017

L. Edwards, H.P. Bell. Comparative evaluation of Nondestructive devices
for measuring pavement thickness in the field. International Journal of
Pavement Research and Technology, 2016.

L. Edwards, H.P. Bell,. Comparative evaluation of nondestructive devices
for measuring pavement thickness in the field, Int. J. Pavement Res.
Technol. (2016).

S. Krishna Rao, P. Sravana, T. Chandrasekhara Rao, Experimental studies
in Ultrasonic Pulse Velocity of Roller compacted concrete pavement
containing Fly Ash and M-sand, International Journal of Pavement
Research and Technology (2016).

JOMC |139



