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Abstract. Flexible pavement structures are widely used in Vietnam, including national
highways, urban roads and expressways. Although they have advantages in terms of
smoothness, construction progress and quick traffic opening, flexible pavements also have
the disadvantage of short service life. The quality of hot mix asphalt concrete and the
fluctuations of indicators during the production and construction process have a significant
impact on the performance of flexible pavements. Therefore, collecting, analyzing and
evaluating data from road projects is essential to improve the quality of construction and
operation. This paper focuses on assessing the level of fluctuations of indicators during the
production and construction of Dense - Graded Polymer Asphalt Concrete with nominal
maximum size of aggregate of 12.5 mm on a highway section using statistical methods. The
results show that the control indicators in the technical standards are all within the allowable
limits. Specifically, the bitumen content, the percentage passing sieves 4.75, 2.36 and
0.075mm, and the temperature of bitum meet the requirements. The parameters of density,
void ratio and thickness of the field drilled sample meet the acceptance quality.

Keywords: Hot mix asphalt concrete, Polymer asphalt concrete, evaluation criteria, quality
control, statistical methods.
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Tom tat. Két cau mat duong mém hién duoc st dung rong réi tai Viét Nam, bao gom ca
duong qudc 16, duong @6 thi va duong cao toc. Mac du ¢6 nhitng wu diém vé do ém thuan,
tién do thi cong va thong xe nhanh, nhung mit dudng mém ciing ton tai nhuoc diém Ia tudi
tho khdng cao. Chat lwong ciia hdn hop bé tdng nhya néng va sy bién dong cua cac chi tiéu
trong qué trinh san xuat va thi cdng anh huong khdng nhé dén tinh nang ctia mat dudng mém.
Do d6, viéc thu thap, phan tich va danh gia s6 ligu tir cac dy an dwong bo 1a can thiét dé cai
thién chat luong thi céng va qué trinh khai thac. Bai bao nay tap trung vao danh gia mirc do
bién dong cua cac chi tiéu trong qua trinh san xut va thi cong Bé tong nhya chat Polymer 111
12,5 tai mot doan dudng cao toc sir dung phuong phap théng ké. Két qua cho thay cac chi
tidu kiém soat trong tiéu chuan ky thuat déu nam trong gigi han cho phép. Cu the ham luong
nhya, phan tram lot sang 4,75, 2,36 va 0,075mm, nhiét 4o cua nhya, dat yéu cau. Cac thong
s6 vé do chat, do rong du va chidu day cua mau khoan hién truong dat chét lwong nghiém
thu.

Tur khéa: bé tong nhya néng, bé tong nhua Polyme, chi tiéu dénh gi4, kiém soat chat luong,
phuong phép thong ké.

@ 2025 Truong Pai hoc Giao théng van tdi


https://doi.org/10.47869/tcsj.76.5.12

Tap chi Khoa hoc Giao théng van tai, Tap 76, S 05 (06/2025), 793-807
1. PAT VAN PE

Mait duong bé tong nhya (BTN) hién dugc st dung rong rai tai Viét Nam nho vu diém vé
do ém thuan, kha nang khai thac tdt va thi cong nhanh. Tuy nhién, dé dam bao chat luong va
tudi tho cong trinh, cong tac kiém soat chat luong trong toan bd qué trinh thi céng — tir lya chon
vat liéu, cong nghé dén nghiém thu — dong vai tro then chét. Trong do, viée mg dung cdc cong
cu thong ké nhu biéu do kiém soat giiip phat hién som sai 1éch ky thuat, kiém soat bién dong
va hd tro ra quyét dinh trong quan 1y chat lwong thi cong BTN.

Mot s6 nghién ctru trong nudc da bude dau tiép can viéc ap dung thong ké trong quan ly
chat lwong 16p moéng cip phdi d4 dam, cho thiy hiéu qua trong vi€c giam sat sy bién dong va
canh bao sai 1éch k§ thuat trong thi cong [1]. Viéc ang dung biéu db kiém soat (nhu Shewhart
X chart va R chart) giGp nhan dién nhitng sai léch trong céac chi tiéu thi cong quan trong nhu do
chat, d6 am hozc thanh phan hat vuot gigi han kiém soat. Theo d&i céc chi tiéu nay theo thoi
gian gitp nha thau va co quan quan ly sém phat hién bat thuong va cha dong diéu chinh nham
nang cao chat luong thi cong [2]. Tuy nhién, viéc img dung rong rai cac cong cu nay cho 16p
BTN — 16p mat truc tiép quyét dinh chat lugng khai thac — van con han ché, can duoc nghién
ctru va danh gié sau hon.

Trén thé gidi, cac nghién ciru ciia Brown va cong su [3] va bao cao NCHRP [4] di khang
dinh vai tro ciia cac cong cu thong ké nhu biéu do kiém soat (Control charts), hé s bién thién
(COV), phén tich phuong sai (ANOVA) trong gidm sat cdc chi ti€u quan trong nhu ham lugng
nhua, d6 rdng du, thanh phan ¢t liéu. Nhitng cong cu nay giup nang cao do tin cay va hiu qua
thi cong 16p BTN. Pong thoi, viéc tich hop cac thong s6 théng ké vao md hinh chi tiéu hi¢u
suét (Performance-Related Specifications- PRS) ciing duoc xem 1a xu hudng tt yéu trong quan
1y chat luong hién dai. Thuc tién trién khai chuong trinh QC/QA tai Hoa Ky, dic biét 12 boi S¢
Giao théng Van tai lllinois (IDOT), cho thay viéc ting cudng vai tro cua nha thau trong kiém
soat chat lugng khong chi nang cao tinh déng nhat hdn hop BTN ma con gop phan kéo dai tuoi
tho mat duong [5]

Tir co s& d6, bai bao nay tap trung nghién ciru ing dung cic cong cu thong ké trong kiém
soat chat lugng hén hop Bé tong nhua chat Polymer III 12,5 tai mét dy an duong cao téc khu
vuc Dong Bic. Két qua nghién ctru cung cap dit lidu thuc nghiém phuc vu danh gia d6 6 6n dinh
ctia hdn hop va dé xuat giai phap nang cao hiéu qua quan Iy chat luong mit duong.

Bn=35.25m

\
— %E,. R —
075,275, 375 | 375 100 . 1lo0 3.75 375 . 275 075

2% 2% 4% 6%

Hinh 1. Quy mé mit cat ngang caa duy an [6].
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2. DU AN NGHIEN CUU
2.1. Gi6i thiéu vé dv 4n dwong cao téc viung Pong Bic

Mt duong da duoc thiét ké cip cao Al véi md dun dan hdi Eyc >180 MPa, R=95%, K =1,17,
tai trong truc thiét ké 12T, chiéu rong Bnén = 25,25m; chiéu rong mit duong Bmit = 23,75m
bao gom 04 1an. G6i thau XL nam trong nhiéu go6i thau xay lap cua du an dudng cao toc ving
DPoéng Béc. Diém dau goi thau: Km91+100 dén diém cudi g6i thau Km96+100 [6].

Trong pham vi bai bao nay, hon hgp bé tong nhya chat Polyme (BTNCP) III duoc xét dén

la BTNCP 12,5 lam 16p mit trén cta két cau 4o dudng véi chiéu day h=5 cm.
2.2. Thiét ké hon hop Bé tong nhua chit Polyme (BTNCP)

Hon hop BTNCP duoc thiét ké theo phuong phap Marshall dé tim ra duoc ty 1& phdi hop
cac loai vat liéu khoang (d4, cat, bot khoang) thoa man thanh phan cap phbi hdn hop bé tong
nhya dugc quy dinh cho mdi loai tai tiéu chuan hién hanh TCVN 13567:2022 va ham lugng
nhya duong toi wu théa min céac chi tiéu ky thuat yéu cau vaoi bé tong nhua [7-9]. Duéi day 1a
bang thanh phan cip phdi ctia hdn hop BTNCP [6].

Bang 1. Thanh phan cip phéi hdn hop thiét ké [5].

Co& sang (mm) - Lwgng lot qua sang (%)
STT
19 12,5 9,5 4,75 2,36 1,18 0,6 0,3 0,15 | 0,075
CP thiét ké 100 84,1 | 72,63 | 48,35 | 29,14 | 18,11 | 14,36 | 9,68 7,82 55
Yéu cau ky
thuat DA 100 74-90 | 60-80 | 34-62 | 20-48 | 13-36 | 9-26 7-18 5-14 4-8
Gidi han 100 | 90,1 | 77,63 | 53,35 | 33,14 | 22,11 | 17,36 | 1268 | 982 | 7,5
cong thirc
tron 100 78,1 | 67,63 | 43,35 | 25,14 | 14,11 | 11,36 | 6,68 5,82 3,5
100 -
= =8~ = Gioi han trén cong thire tron
90 o —
80 - = =#= = Gioi han dudi cong thire
—_ trén
S 70 T —a— P thiét ké
S g | =% Cantrén theo yéu ciu ky
-c-;‘ = thuat DA
; 40 +— —¢— Cin dudi theo yéu cau ky
::_3 30 - thudt DA
:é 20
=
= 10 -
n -
,010 ,100 1.00 10.00 100,00
Co sang (mm)

Hinh 2. Pudng cong cap phdi hdn hop thiét ké [6].
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Béng 2. Chi tiéu ciia mau BTNCP tmg voi ham luong nhuya thiét ké [6].

Ham lugng A 1A A 12 A WX A A A X1k
Do bén b déo x borongcot | Khoilugng | Do rong lap
nhya (% Do rong du . 2 A
Khéi Tuon Marshall Marshall Va (%) licu VMA thé tich day nhua
1 IUQ
ot tuong (kN) (mm) ’ (%) (glem3) | VFA (%)
hon hop)
4,90 15,36 4,72 4,45 15,81 2,552 71,83

2.3. San xuit va thi cong BTNCP 111 12.5

Viéc san xuat hon hop BTNCP III duoc tién hanh tai tram tron lép dat ngay canh tuyén voi
cong suét 120 tin/h va tuan thu theo diing cong thic ché tao hdn hop da duogc 1ap cling nhu tiéu
chuan hién hanh [8,9]. Sau khi tron hdn hgp BTNCP 111 12,5 tai tram thi qua trinh thi cong chi
tiét theo so do sau [6,9]:

Vé sinh mit dudng R Vé sinh mit dudng /
May nén khi
Y
Tuwé1 nhil trong dinh Xe / May twdi nhit
bam 0,50kg/m? —” twong
Raithimvalulénldp L | poipam BTN - May tham
BTN
1 Lu 2 banh thép
5 — .
Lusobo (8 -10 tén)
y v
L Lu rung két hop véi lu
Lo thir cap " banh I6p >25 tan
! I
1 Lu 2 banh thé
Lu hoan thién > (1110 _1; tén) P
Khoan mau kiém tra Kiém tra va nghiém Nghiém thu cao do

a6 chat va chidu day

thu

| va hoan thién bé mat

Hinh 3. So d6 thi cong chi tiét I6p BTNCP 111 12,5.

3. KIEM SOAT CHAT LUQNG HON HOP BE TONG NHU'A

3.1. Biéu dd kiém soat

Céc biéu do quan 1y chat luong la can thiét dé giam sat cac cdp d6 ma cac san pham dap
g dugc yéu ciu cia cac tiéu chuan. Cac bude chung nhat dé 1ap biéu dd kiém soat nhu sau:

- Lua chon cac dac tinh qua trinh thong qua quan sat,

- Tinh toan gi4 tri trung binh cia qué trinh- dugc st dung nhu dai trung tam ddi véi biéu
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d6 kiém soat chat luong,
- Tinh toan d¢ léch tiéu chuan (9),

- Tinh toan céc gici han kiém soat bén trén (UCL) va gisi han kiém soét bén dudi (LCL) bang
céach str dung phuong phap thém bat 3 lan d6 1éch tiéu chuan.

|
“
J Kiém soéat giéi han trén |
/,/ s Khoang
_~ © P cédch =31lan
N ' dé léch
~ — N, . ry s .
yd = Dlruug trung tam v A tiéu chuén
-\ $ 7
-
\ s ‘
~
\ o 0 % o5k 28
\L Kiém soat gisi han duéi ;
H
|
S6 mau

Hinh 4. Quy tic co ban cua biéu d6 kiém soat véi cac gioi han 3o [10-12].
- Phéc hoa cac dic tinh qua trinh trén biéu do va két ndi cac diém lién tiép nhau;

- Kiém tra c4c diém vuot ra ngoai céc givi han, ghi chi Iy do va néu cac sira doi can thiét
dé cai thién cac gid tri trung binh (CL), gidi han trén (UCL) va gidi han dudi (LCL) néu can.

3.2. Kiém soat chat lwgng bé tdng nhwa theo phuwong phap théng ké

Viéc kiém soét chat luong chat ché 1a diéu kién tién quyét dé dam bao hdn hop bé tong
nhya (BTN) duoc san Xuat tai tram tron dap g day du céc tiéu chuan k¥ thuat. Mot quy trinh
kiém soat chat lugng hi¢u qua khong chi gitp nang cao chat lugng san pham ma con gop phan
giam thiéu chi phi, t6i wu hoa hiéu qua va gia tang loi nhuan. Muc tiéu cua kiém soét chat lugng
trong san xuat BTN 1a dam bao tinh déng déu va 6n dinh caa san pham. Biéu do kiém soat dong
vai tro then chét trong qué trinh nay, 1a cong cu dic luc dé diéu chinh quy trinh san xuét, dam
bao céc thdng sé ki thuat duoc dap ng, giam thiéu hoac loai bo san pham 15i, va tranh viéc bi
phat khi thanh toan [13,14].

- Ndi dung kiém soét chat luong hdn hop BTN theo phuong phép théng ké va sir dung cac
bi@u do kiém’soét dugc dya trén Tiéu chuan AASHTO R42 [10] trong d6 quy dinh c&c ni dung
kiém soat chat Iugng thi cdng mat duong BTN.

Céc cdng thitc thong ké kiém soat chdt lirong BTN gom co:

1) Do léch chuan caa thdng sé can kiém soat x dugc tinh bang cong thuc:

1)

Trong d6: s : do léch chuan; n: s6 mau thi; xi : gia tri thir i; va x : gié tri trung binh.

V6i s6 mau thir n<30 thi mau s6 caa cdng thire 1a (n-1) con vai n>30 thi thay (n-1) bang n.
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Tuy nhién thuong st dung véi mau sé (n-1) khi kiém soét thi cong BTNCP.
2) Hé sb bién sai cua thong sb can kiém soat dwoc tinh theo cong thirc

¢, =2 2
X
3) Gia tri dic trung xqt cua bién kiém soat x dwgc xac dinh bang cong thirc

- S
X =X =7, ﬁ 3
Véi n 1a s6 mau thir
Gia tri trung binh x dugc tinh trong Excel bang ham AVERAGE(x;)
Do léch chuan mau s duoc tinh trong Excel bang ham STDEV,S(xi)

Vaz, —= duoc tinh trong Excel bing ham CONFIDENCE, T(a,s,n)

“Jn
Véi o 1a sai s6 cho phép a=1-R; R 1a d6 tin cay, Khi R=95% thi a=1-0,95=0,05

Trong qua trinh thi cong, cac chi ti€éu Marshall, Va va o chat hién truong da duoc ghi lai.
Sau d6, biéu d6 kiém soat bién s dugc sir dung dé danh gia xem cdc chi tiéu nay va qua trinh
do dac c6 duy tri 6n dinh va duogc kiém soat hay khong hodc can diéu chinh hay khong. Trong
bai bao nay, st dung biéu d6 kiém soat I-MR. Biéu d6 I-MR gdm hai biéu d6: biéu do riéng 1é
(biéu d I), hién thi cac diém dir liéu riéng 1é va biéu d6 pham vi di chuyén (biéu 6 MR), hién
thi sy khac biét giira hai diém do lién ké nhau. Néu cac diém dir liéu ndm ngoai gi6i han kiém
soét, diéu d6 cho thdy qua trinh khong on dinh. Pudng trung tdm, gidi han kiém soét trén (UCL)
va giéi han kiém soat dudi (LCL) duoc tinh toan bang cac phuong trinh trong Bang 3.

Béng 3. Cac phuong trinh wdc tinh dudng trung tim, UCL va LCL cho Biéu d6 I-MR [10,11].

STT Gii han kiém soat Biéu do | Biéu d0 MR
1 Duong trung tam X= % MR = %
2 Gidi han kiém soat trén X+3c MR+ 30
3 Gidi han kiém soat dudi X-3c 0

Ghi cha:

Xi = gid tri diém do thir i
k = 56 diém dit liéu
o = d léch chuan
Bai bao sir dung phan mém Minitab [15] dé tién hanh cac thir nghiém théng ké va tao cac
biéu d6 I-MR. Céc thir nghiém cho cac chi ti€u khac nhau dugc thuc hién trong Minitab dé xac
dinh dir liéu quan sat nao can dugc nghién cuu thém.
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3.3. Panh gia mirc d9 bién dong caa cac chi tiéu trong qua trinh san xuit bé tong nhua
néng

Danh gia mirc do bién dong ciia hdn hop BTNCP 111 12,5 trong qué trinh san xuat trén co

soqla s0 liéu thu dugc cac phicu tron cua tram tron BTN trong moi mé tron. Cac thdng so can

kiém soat la ham lugng nhya, phan tram lot sang 4,75, 2,36 va 0,075mm, nhiét d6 cua nhya
Pdnh gid mirc dé bién dong ciia ham hrong nhyra

Céc Hinh 5 va Hinh 6 thé hién kiém soat sy dong déu cia ham lugng nhya. D& dang
nhan thiy qua trinh duoc kiém soat tot do dong déu van trong gioi han 3c. Tuy khong c6

diém vi pham nhung con cuc bo mét sb diém thay d6i nhiéu. Do d6 can ting cuong kiém
soat dé ddng déu .

Biéu do xac suit ciia ham hrong nhwa theo khéi lwong
Phan phoi chuan — Khodang tin cay 95%

99 7 —
/ S GiatwiTB = 4901
95. AR Sy 4 Do léch chuan 007959
| / Sy Sé mau 18
90 / : V4 Chi s6 ki¢m dinh
80 S :’ phan phdi chuan 0,573
<= 70 /‘, A . A
?i 60. ¢ . | P Triso P 0,119
E 50 78
'E 40 a4
i 30 //:’ //
“€ 20 A
=¥ e e
10 P
5 XS
S S /
1 S 4 _
4.6 4,7 4.8 49 5.0 5.1 5.2

Ham lwong nhua t6i wu (%)

Biéu dé phan tich sw phan phdi chudn etia ham lwong nhwa Km91+100 — Km96+100
Hinh 5. Biéu d0 phén tich sy phii hop phéan phdi chuan ctia ham lugng nhya

Biéu dd kiém soat cac gia tri riéng 1é cia ham lrong nha
5.1

UCL=5.101
+3SL=5,101

. +281.-5,034
50 4

e

/\ A AN +1S1.-4,967
/ ‘. /N / /A /o
/ / \

g AR /1 \ ® | X=4.9

' ‘ o 4 |-1SL—4.833

Ham lwgng nhra (%)

-258L=4.766
4,71

-38L=4.699

' LCL=4.699
1 3 5 7 9 11 13 15 17

Ngay kiém tra

Biéu do kiém soat gia tri riéng Ié ham lrgng nhiea tir Km91+100— Km96+100

Hinh 6. Biéu do6 kiém soét cac gia tri riéng I¢ cia ham lwong nhya
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Pdnh gid mike @6 bién déng cua phan tram lot sang 4,75 mm, 2,36mm va 0,075mm

~Sai s6 cho phép ciia thanh phan cot ligu lot sang 4,75 ciia cac mé tron la +6%. Theo thiét
ke hoan chinh cta hon hop BTNCP 111 12,5 géi thau XL, thanh phan cot li¢u lot sang 4,75 la
47,27%. Nhu vay ti I€ lot sang 4,75 nam trong gidi han kiém soat (Hinh 7).

52 ] | UCL=51,73
+3SL=51.73
50 | +2SL=50.24
9 "
e VAN . e ¥ +1SL=48,75
en /0 — 7\
= 48 /N A ™\ AN A _
ey o oo [ o [ A\ S\ X=47.27
= \ \ \ / \
£ 46 \/ \ / o\ Fl.as4s78
- ‘ : ‘ 2S1.=44,29
A 44 | I
-3SL=42.80
42 | LCL=42.80
1 3 5 7 o 11 13 15 17

Ngay kiém tra
Km91+100—Km96+100

Hinh 7. Biéu dd kiém soat cac gia tri riéng Ié cua phan tram lot sang 4,75 mm.

. UCL=31,925
+3S1.=31,925
31 ?
_ A +2S1.=30,576
$ 30
vt |\ _
= 29 . — +151=29.228
G [ ] °
= f \ \ / \ .
é. 28 | oo/ . o e A [ X=27.879
A 5\ / \ / \ vy ]
]E 27 4 ¢ N/ l"\ ,-"r \ o/ *
: \\‘_- \ / \ / -1SL=26.531
& 2 . o
55 2S1=25.182
24 -3S1.=23.834
53 | | | | LCL=23.834
1 3 5 7 9 11 13 15 17

Ngay kiém tra
Km91+100—Km96+100

Hinh 8. Biéu d6 kiém soét c4c gié trj riéng 1é cua phan trim lot sang 2,36 mm.

Véi thanh phan cét liéu lot sang 2,36, sai s6 cho phép cua cac mé tron 1a £5%, trong khi ti
& lot sang theo thiét ké & mirc 27,88%. Tuy van c¢6 mot s diém bién dong 16n nhung cac gia
tri riéng Ié cua phan tram lot sang 2,36 déu nam trong gigi han kiém soat (Hinh 8). Diéu nay
ciing twong tu nhu ddi véi ti 18 lot sang 0,075mm (Hinh 9).
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8.5

8.0

7.5

7.0

Phan trim lot sang (%)

6.0

5.5

5.0

6.5

UCL=8.177

+381L=8,177

+2SL=7,644

+18L=7.111

7 /171X —A | X=6,578
-1SL=6,045

-28L=5.512

-3SL=4,979

Km91+100—Km96+100

7 9 11 13 15 17

LCL=4,979

Ngay kiém tra

Hinh 9. Biéu d6 kiém soat c4c gia trj riéng 1é cua phan tram lot sang 0,075mm.

184 UCL=183.77
+381.=183,77
182
+28L=181.73
180 * * L * | _— —
5 ] A - - _ +181.=179,70
o 178 — -
2 : X=177.67
z / : <] o
& 176 | \ — -1SL=175.63
o o o e e e
174 -2SL=173.60
172 -3SL=171.57
170 LCL=171.57
1 3 5 7 9 11 13 15 17

Ngay quan sat

Kiém sodt nhiét dg bitum trong qua trinh san xudt BTN tir Km91+100—Km96+100

Hinh 10. Biéu do kiém soat cac gia tri riéng lé cia nhiét do dun néng Bitum.

DBdnh gid mirc dé bién dong cua nhiét d dun néng bitum

Nhiét d6 dun néng Bitum trudc khi tron véi ¢t lidu trong qua trinh san xuat BTN duoc
quy dinh theo tiéu chuan hién hanh phai nam trong khoang tir 160°C dén 185°C. Hinh 10 cho
thy céc sd liéu do dugc dat yéu cau va trong pham vi kiém soét. Nhiét ¢ dun noéng bitum c6
d6 ddng déu va trong gioi han 2c.
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3.4. Panh gia mirc dd bién ddng cua céc chi tiéu khi thi cong 16p mit bé tdng nhya

Viéc danh gia hon hop BTNCP III trong qua trinh thi céng dugc tién hanh thong qua mot
s0 chi tiéu nhu d6 chat, d6 rong du va chiéu day mau khoan hién truong.

Pdnh gid mirc dé bién dong ciia d chat K

UCL=100,091
100 +2S1=99.901
g 9975 et R +1SL=99.711
—— . =
B 99.50 AN A X=99.521
g 99725 ~ ) . e -ISL:99,331
g 7 — 281,299,141
99 . L.C1=98.951
1 2 3 g 4 5 6 7
1.6
& UCL=1.434
g 1.2 +2SL=1,141
B 08 " *1SL=0.849
g —t———— R=0,476
S04, e - -1SL=0,265
M 0.0 -2SL=0
- LCL=0
1 2 3 i 5 6 7

Km91+100-Km92+100
Hinh 11. Biéu d6 kiém soét gia tri trung binh va khoang bién thién cua d6 chat K(%).

Tai phan doan Km91+100-Km92+100, vai gia tri d6 chat dac trung Kdt = 99,34 > Kyc =98
Va Céc gia tri do chat riéng I¢, trung binh ciing nhur khoang bién thién nhu trong Hinh 11 cho
thdy qua trinh thi cong dugc kiém soat tt, dam bao chat lugng dong déu va khong c6 diém nao
vi pham vé gigi han do chat. Poan tuyén kiém tra dat yéu cau nghiém thu vé do chit lu lén. Két
qua nay ciing dat duoc ¢ phan doan Km94+100 — Km95+100, tuy nhién c6 3 diém kiém soét
d6 chat gia tri trung binh léch chuan so véi dudng trung tim va c6 1 diém d6 léch c6 khoang
biét thién 16n hon so v&i do léch chuan gidi han trén (Hinh 12 va Hinh 13).

Biéu db kiém soat cac gia tri riéng Ié ciia db chit K (%)
UCL=100.447

+3SL=100.447

100.5
. +281L.=100,106
~ 1000 [ e—n
= [ \ »
< ) \ A P +1SL=99.765
M | |I \ / \ /
=11] \f l‘ | "-\ . \\ .’j \
£ 95 || | \ e Y e/ -
2 7 7wy X=99.424
i Ii | Ip [N - ‘ \ ‘;
| - d A\ e .
SE. 99.0. I‘l ‘. IFl - - ® -18L=99 083
E_ 'I ||\ IJ
) —1 -28L=98,742
e [ &
R 985 | g
| -381.-98.401
- LCL=98.401
98.0

1 3 5 7 9 11 13 15 17 19 21 23
Ngay kiem tra
Km94+100—Km95+100

Hinh 12. Biéu d6 kiém soat c4c gia tri riéng 1¢ cua do chat Km94+100 — Km95+100.
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LCL=99,014

UCL=1,033
+281=0,822
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R=0,401
-1SL=0.191
-28L=0
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Hinh 13. Biéu do kiém soat gia tri trung binh va khoang bién thién cia do chat K(%)

Biéu do kiém soat cac gia tri riéng 1é ciia do rong dw Va, %

6.0

Km94+100 — Km95+100.
Pdnh gid mirc d bién dong cia do rong dur (Va)

5./'68;&

h
h

dw Va (%)
h
.

6 rong

b
e
i

A A
A \/\.\/\ '/ \’\J '

4,01 . )
1 3 5
Km91+100—Km92+100

Hinh 14. Biéu d6 kiém soat cac gié tri riéng Ié cua do rong du.
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9 11

Ngay kiém tra
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5,50 . UCL=5468
525 ~— | +281.=5.292
5 — +18L=5.116
rgb 5,00 — ——— : X=4,940
E 475 .— = -1S1.=4.764
i —— -2SL=4588
4.5 LCL=4.411
1 2 3 4 5 6
Mau
g L5 UCL=1.33
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£ 05 S— — N - R=0,517
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1 2 3 4 5 6
Mau

Km91+100-Km92+100
Hinh 15. Biéu d6 kiém soét gié tri trung binh va khoang bién thién cua do6 rong du Va, %.

Hinh 14 va Hinh 15 chi ra rang khong c6 cac gia tri riéng 1é cua d6 rong du vi pham biéu
dd kiém soat (Va=3-6%). Tuy nam trong giGi han 3¢ nhung Va van c¢6 d6 bién dong, do rong
du c6 xu hudng thién vé can duéi. Bé dam bao su dong déu hon nira thi viéc ting kiém soét
trong qua trinh thi cong 1 can thiét.

Pdnh gid mirc @ bién dong cua chiéu day mau khoan BTN

UCL=52.586
52 +281=52.132
= - - - +1SL=51.677
g ——a ) ~ =
3 5 < ~, X=51.222
2 b - -1SL=50,768
= < -281.=50,313
50 . _
LCL=49.858
1 2 NGu 4 5 6
& UCL=3.432
g 3 +2SL=2.733
g . o +1SL=2,033
21 —~ — - R=1.333
5 ) ? ) 1 -1SL=0.634
2o -2SL=0
LCL=0
1 2 3 4 5 6
Km91+100-Km92+100 Mau

Hinh 16. Kiém soat gia tri trung binh va khoang bién thién caa chiéu day mau H(mm).

Vi tap s6 liéu do chiéu day mau khoan cia phéan doan trén thi khdng c6 gia tri nao vi pham
biéu do kiém soat. Khoang bién dong cua chiéu day chu yéu ciing ndm trong pham vi tir +2,
chi c6 mot diém cuc bo s 4 thay ddi 16n (Hinh 16).
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Padnh gid mire dé bién dong cia dé on dinh Marshall

P 6n dinh Marshall mau khoan (kN)

13.5 UCL=13215
+3S8L=13215
13.0
Z - +28L=12.672
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= s |
2 . - e Vi +1SL=12.128
= 115 Mg e e -— /" |X=11,584
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[
105 * o o -2SL=10.496
10.0 -38L=9.953
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1 3 5 7 9 11 13 15 17

Ngay kiém tra
Km91+100—Km96+100

Hinh 17. Biéu dd kiém soat o on dinh Marshall.

Phan tich két qua thay rang céc chi tiéu Marshall cua cac mau trong qua trinh thi cdng dat yéu
cau véi su bién dong nho. Gia tri d6 6 6n dinh Marshall mac du chua dong déu nhung déu nam
trong gigi han kiém soat. Khoang bién dong ciia d6 6n dinh ciing nam trong pham vi tir 26 dén
36 & mic tét (Hinh 17).

4. KET LUAN

Bai bao di trinh bay phuong phap xéac suat théng ké va cong cu Minitab dé tién hanh kiém
soat chat lwong san xuat va thi cong 16p BTNCP 111 12,5 théng qua mét sb chi tiéu. Cac qua
trinh dugc danh gia bang d thi kiém soat cho thay co ban céc chi tiéu kiém soét khi thi cong
trong tiéu chuan k§ thuat, duoc thé hién bang gia tri trung binh déu khong vuot qua gidi han.
Céc chi tiéu do chat, do rong du, chiéu day va d6 6n dinh Marshall caa mau khoan hién truong
hau hét dam bao yéu cau nghiém thu. Qua trinh san xuat BTNCP 11 12,5 véi cac théng s6 can
kiém soat 1a ham lwong nhua, phan tram lot sang 4,75, 2,36 va 0,075mm, nhiét d6 cua nhwa déu
nam trong gidi han cho phép.

Cac biéu d6 kiém soat chat lugng duoc st dung trong nghién ciru nay khong chi ap dung
VGi qué trinh san xuét va thi cong 16p vat lieu BTN méi ma con co thé sir dung trong Kiém soat,
danh gia chat luogng cho vat liéu BTN tai ché va cac vat liéu khac trong két ciu mit duong.
Diéu nay Ia can thiét dé dam bao chét lwong vat liéu dau vao, chat luong tai tram tron va quy
trinh cdng nghé thi cong dugc duy tri on dinh.

TAI LIEU THAM KHAO

[1]. BUi Tuin Anh, Nghién ctiu lya chon phuong phap kiém soét chét lugng thi céng 16p cap phdi da
dam ¢ Viét Nam, Tap chi Giao thdng van tai, (2020) 46-49.



Tap chi Khoa hoc Giao théng van tai, Tap 76, S 05 (06/2025), 793-807

[2]. Bui Tuan Anh, Nguyén’Quan’g Phdc, Nghién cau &p dung phuong phap théng ké danh gia mirc do
bién dong khi thi cong lop cap phoi da dam ¢ Viét Nam, Tap chi Cau duong Viét Nam, 4 (2020) 31-35.
[3]. E. Ray Brown, Prithvi S. Kandhal Jingna Zhang, NCAT Report 01-05: Performance Testing for
Hot Mix Asphalt, National Center for Asphalt Technology, 2001.

[4]. National Cooperative Highway Research Program (NCHRP), NCHRP Report 567: Performance-
Related Specifications for Hot-Mix Asphalt Construction, Transportation Research Board, 2006.

[5]. A. Patel, M. Thompson, E. Harm, W. Sheftick, Developing QC/QA Specifications for Hot Mix
Asphalt Concrete in lllinois, Transportation Research Record Journal of the Transportation Research Board,
1575 (1997) 66-74. https://doi.org/10.3141/1575-10

[6]. HO so thiét ké du an duong cao téc ving Dong Bac, 2022.

[7]. TCVN 8820:2011, H3n hop bé tdng nhya nong- Thiét ké theo phuong phap Marshall, Tiéu chuan
Viét Nam, 2011.

[8]. TCVN 13567-1: 2022, L6p mit duong bang hdn hop nhya nong- Thi cong va nghiém thu — Phan
1: Bé tong nhya chat s dung nhya duong thong thuong, Tiéu chuan Viét Nam, 2022.

[9]. TCVN 13567-2: 2022, L6p mit duong bang hdn hop nhya nong- Thi cong va nghiém thu — Phan
2: Bé tbng nhya chat st dung nhya dwong polyme, Tiéu chuan Viét Nam, 2022,

[10].AASHTO R42-06, Developing a Quality Assurance Plan for Hot Mix Asphalt, 2011.

[11]. Nguyén Quang Phuc, Bai giang cao hoc “Toén tng dung nganh GTVT”, 2024.

[12]. 1ISO 7870-2:2013, Control charts-Part 2: Shewhart control charts, 2013.

[13]. Pong Xuan Truong, Nguyén Quang Phuc, Nghién ctu sir dung thiét bi khong phong xa khdng phé
hay-Troxler kiém soat do chat dam nén bé tdng nhua ndng hién truong, Tap chi Giao thdng van tai, 1+2
(2018) 67-71.

[14]. Pdng Xuan Truong, Nghién ciru gop phan hoan thién cong tdc dam bao va kiém soat chat luong
thi cong 16p mat duong bé tong nhua chat ¢ Viét Nam, Luan an tién si ky thuat, Truong Pai hoc Giao
théng van tai, 2019.

[15]. Minitab: All statistics and graphs for I-MR Chart, 2024.

807


https://libgen.is/scimag/journals/25042
https://doi.org/10.3141/1575-10
https://support.minitab.com/en-us/minitab/help-and-how-to/quality-and-process-improvement/control-charts/how-to/variables-charts-for-individuals/i-mr-chart/interpret-the-results/all-statistics-and-graphs/#:~:text=more%20consecutive%20points.-,Interpretation,for%20possible%20special%2Dcause%20variation

