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Abstract: Cold in-place recycling is a technology for upgrading and restoring
pavements that has been applied in many countries around the world.
Depending on the condition of the road surface being exploited, the application
of cold in-situ recycling technology will be applied differently to handle the
damage. Therefore, the application of cold in-situ recycling technology at each
construction site needs to be designed and piloted before mass construction.
The article presents the results of designing a cold in-place recycling mixture
using cement on the Ho Chi Minh route through Thanh Hoa province. The
optimal cement content selected is 4%.
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Nghién ctru thiét ké thanh phan hén hop tai
ché ngudi tai ché str dung xi mang trén tuyén
dwdng H6 Chi Minh, tinh Thanh Héa

Nguyén Thu Trang

B& mon Buwdng bd, Khoa Cdng trinh, Trwdng Bai hoc Céng nghé Giao théng
van tai, Viét Nam

Tom tat: Tai ché ngudi tai chd la mot cong nghé nang cap va phuc hdi mat
duong da duwoc (ng dung & nhiéu nwéc trén thé gidi. Tuy theo tinh trang mat
dwong dang khai thac viéc ap dung cdng nghé tai ché ngudi tai ché sé duoc
&ng dung khac nhau dé x& ly nhirtng hw héng. Vi vay ap dung cong nghé tai
ché& nguoi tai chd tai tirng vi tri céng trinh can phai thiét ké, thi cong thi diém
trwéc khi thi cong dai tra. Bai bao trinh bay két qua thiét ké hén hop tai ché
ngudi tai chd sir dung xi mang trén tuyén dwdng H6 Chi Minh qua tinh Thanh
Hoéa. Ham lwong xi mang ti wu da duoc lwa chon 13 4%.

T khéa: Tai ché ngudi tai chd, xi mang, mat dwéng bé téng nhua.

1. Gi&i thiéu

Coéng nghé tai ché ngudi tai chd (Cold in-
place recycling technology — CIR technology) duorc
céng nhan, ap dung rong rai trén thé gioi 1a mot
coéng nghé tiét kiém chi phi dé phuc héi mat duwéng
bi hv hédng va hudng téi muc tiéu “phat thai rong
bang 0 — Net Zero”. Céng nghé nay st dung mot
may chuyén dung duwoc trang bi tréng nghién dé
cao bdc va nghién nhé mat dwong ¢l téi mot chiéu
sau nhéat dinh. Sau doé, hén hop RAP sé duoc bd
sung thém cbét lieu méi (néu can). Khi qua trinh
nghién dién ra, nwéc tlr xe bdn di phia trwdc may
tai ché dwoc phun vao budng trén qua éng dan.
Lwong nuwéc duwgc do chinh xac bang hé théng
bom diéu khién dwoc tron déu véi vat lieu da
nghién dé dwoc hén hop tai ché cé d6 &m dam nén
t6i wu. Cudi cung, s dung may san tao phang va
lu 1&n hinh thanh 1&n I&p tai ché nguodi tai chd [1].
CIR hién 1a mét cong nghé nang cap va phuc hoi
mat dwong da dwoc ng dung & nhiéu nwéc nhw
My, Canada, cac nwéc Chau Au, Trung Quéc, Nhat
Ban... va dat dwoc nhivng hiéu qua dang ké vé ca

kinh té, ky thuat, méi trwdng [2,4,5,6,7,8,9,10,11].
Co6ng nghé CIR dwoc ing dung dé bao tri nhirng
con dudng cap thap dén nhirng dwéng cao tbc cd
mat do giao thong dong duc. CIR s& hiru nhirng
wu diém vwot trdi vé hiéu qua méi trudng, cong
nghé thi céng va an toan, ky thuat, kinh té. Céng
nghé CIR, so v&i thi cong 16p bé tdng nhwa truyén
thdng, co thé tiét kiem tbng muic tiéu thu nang
lwgng 62% va gidm lwgng khi thai 52%, 61% va
54% vé khi nha kinh, sulfur dioxide va oxit nitric/
nito dioxit twong ng [3]. Hon niva, bang cach tai
ché sé it tiéu thu nguyén liéu thd, nhién liéu hoa
thach va co thé tiét kiém dwoc khong gian chon lap
nhirng vat liéu mat dwdng cl sau khi cao boc
khéng dwgc str dung lai.

Phwong phép tai ché ngudi c6 nhirtng wu
diém vuwot troi tuy nhién van ton tai mot s6 nhuwoc
diém nhw tat ca cac vat liéu tai ché mat duwong bé
téng nhwa (RAP) cé thé dwoc tai s dung trong
hén hop trén méi bat ké két qua chat lwong khéng
tot, da mat di mot sé tinh chat co hoc va do bén,
kho kiém soat chat lwong cong trinh, can thoi gian
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bao dwdng va I&p phu bao vé sau khi thi cong xong
[10].

Hién nay, tai Viét Nam, ngan sach danh cho
cong tac bdo tri co s& ha tang giao théng chi dap
&ng khoang 30 - 40% so v&i nhu cau thyc té. Két
qua 1a cé nhiéu tuyén dwéng sau 7 - 10 nam st
dung (c6 nhirng tuyén dwong tham chi hw héng
s&m hon) da nhanh chong xuéng cap, xuéat hién
nhidu vét n&t va hw hdng nghiém trong. Viéc st
dung cac bién phap stra chira théng thuwdng nhw
lang nhwa hay phu tham khéng mang lai hiéu qua
bén virng, sau moét thdi gian ngan tinh trang hw
hdng tai phat va cé xu hwéng nang né hon, gay
lang phi ngan sach [12].

Pé giai quyét tinh trang nay, trong nhirng
nam qua, nganh Giao thdong van tai da tich cuwc
nghién ctru va ap dung nhiéu cdng nghé tién tién
tr nwdc ngoai, trong dé ndi bat la cong nghé tai
ché ngudi tai ché két cAu mat dwdng. Muc tiéu cua
cébng nghé nay la cai thién hiéu qua kinh té - ky
thuat va bao vé maéi trwdng trong qua trinh thi cong,
nang cap dwdng bo tai Viét Nam. Mt trong nhirng
loi ich thiét thwe ctia cdng nghé tai ché ngudi tai
ché la kha nang giam thiéu 60% doan dwéng dang
ton dong can bao tri. K&t qua da dwoc chirng minh,
néu qua trinh thi cbng duwoc thwe hién dung tiéu
chuén, mat dwong tai ché ngudi tai chd co thé dat
dwoc tudi tho tlr 15 dén 20 nam, gép phan nang
cao chat lwgng ha tang giao théng [12].

Tai tinh Thanh Hoéa, dudng Hd Chi Minh 1a
tuyén dwdng chién lwoc phuc vy phat trién kinh té
va an ninh Quéc phong ciia Quéc gia, ndi lién cac
khu kinh té tinh Thanh Héa v&i Hoa Binh va Nghé
An, c6 lvu lvgng xe Ién va nhiéu xe tai nang van
chuyén hang hoa lwu théng. Hién tai trén doan
tuyén nay nhiéu vi tri mat duwéng bi xubng cap va
hw héng trén dién tich I&n, dac biét nhiéu vi tri mat
duwdng bi dén IGn vét banh xe, ran nét mai ria voi
mat do day déc, lién tuc gdy mat an toan giao thong
cho nguwoi va phuong tién Iwu théng trén doan
tuyén. Vi vay, viéc dau tw sira chi*a doan tuyén
trén la hét sirc can thiét bdo ddm an toan giao
théng cho cac phwong tién qua lai.

Nguyén

Tai Viét Nam 3 cong nghé cao boc va tai ché
ngudi tai chd da dwoc nghién clru trong phong, thi
cong thi diém va tirng buéc dworc trién khai & cac
vung mién khac nhau trén ca nwéc nhw Céng nghé
tai ché ngudi str dung nhii twong cai tién cta Hall
Brothers (My); Tai ché nguéi, st dung chét két dinh
la bi tum bot + xi mang theo cong nghé cla hang
Wirtgen (Btrc). Cong nghé cao béc, tai ché ngudi
cla hang SaKai (Nhat Ban). Tuy nhién tuy theo tinh
trang hw hédng cia mat dwdng dang khai thac viéc
ap dung cdng nghé CIR sé& duoec trién khai khac
nhau va ap dung céng nghé CIR co6 sy khac biét
vé lanh thé, vi tri cong trinh va lwu lwgng giao
thong. Ap dung céng nghé CIR tai tirng vi tri cong
trinh can phai thiét ké, thi céng thi diém truwéc khi
thi cdng dai tra. Bén canh do, tai Viét Nam xi mang
la vat liéu s8n cd, chi phi thap, cong nghé CIR st
dung xi mang thi cong don gian. Vi vay, bai bao
nay trinh bay két qua nghién ctru thiét ké thanh
phan clGa hén hop tai ché ngudi tai chd bang xi
mang dé stra chira mat dwong trén doan tuyén
Km525+00 - Km531+00 thudc dwdng H6 Chi Minh
thudc dia phan tinh Thanh Hoa.

2. Muc dich thiét ké hén hop CIR st dung xi
mang

Muc dich thiét k& hdn hop CIR s dung xi
mang nham xac dinh thanh phan cap phéi ctia hdn
hop vat liéu mat dwdng cl va ham lwong xi mang
can thiét dé& hén hop CIR dap (rng cac chi tiéu ky
thuat cda tiéu chudn TCVN 13150-1:2020.

3. Trinh tw thiét ké thanh phan hén hop CIR sir
dung xi mang

Trinh ty thiét ké hén hop CIR sk dung xi
mang tuan tha theo phu luc A cta tiéu chudn TCVN
13150-1:2020.

Bwdéc 1: Tién hanh thu thap di liéu tinh trang
mat dwéng cli dé phuc vu cho cong tac thiét ké hdn
hop tai ché cung véi viéc thiét ké két cdu mat
duwdng.

Hién tai trén doan tuyén nhiéu vi tri mat
dwong bi xubng cép va hw héng trén dién tich 1on,
d&c biét nhiéu vi tri mat dwéng bi don lun vét banh
xe, ran nt mai rua véi mat dé day dac, lién tuc
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Qua két qua cac 16 khoan, hé dao kiém tra
thwe té tai hién trwdng cho thay chiéu day két cau
4o duwong trén doan tuyén cé két ciu chd yéu nhw
sau:

+ Lop bé téng nhwa day 7cm.

+ Lop cap phdi da dam day 36cm.

Bwéc 2: LAy mau tai hién truong

- Céac lop bé tdng nhya: Thye hién khoan
mau, sau d6 do chiéu day cta cac I6p bé tong
nhwa va mang mau vé phong thi nghiém chuén bi
cho viéc thiét k& hén hop tai ché. Mau thi nghiém
dwoc xac dinh khéi lwong thé tich theo tiéu chuan
TCVN 8860-5 va ham lvgng nhwya theo TCVN
8860-2:2011.

- Céac I&p mong cép phéi da dam: Thuc hién
dao hd va do dd day I&p moéng; tai hién truwong,
khéi lwgng thé tich ca vat liéu dwoc xac dinh theo
phwong phap phéu rét cat (AASHTO T191); sau dé
mau dwoc mang vé phong thi nghiém chuén bi cho
viéc thiét ké hén hop tai ché.

Bwéc 3: Thiét két hdn hop cbt lidu tai ché
ngudi tai chd

Bwéc 4: Lya chon ham lwong xi mang téi wu

Xi mang st dung trong céng nghé CIR la xi
mang PC40. Xi mang duoc kiém tra dam bao tuan
tht cac quy dinh cla tiéu chuan Viét Nam 1SO
6260:2009. Xi mang c6 thdi gian thdy hoa tbi thiéu
la 120 phut

Xi mang tang cwdng cwdng dd chju kéo va
chiu nén cho hén hop tai ché [11]. Xac dinh ham

100
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0.075 2.36 475

Nguyén

lwong xi méng t6i wu dwa vao thiét k& hén hop
thich hop dé dat dwoc hiéu qua st dung tét nhét.

DPé xac dinh ham lweng xi méng téi wu cho
hén hop tai ché lwa chon 3 ham lwong xi mang
3,5%;4%; 4,5% khdi lwong ctia hén hop. Méi mot
ti 1& xi mang tién hanh cac bwdc sau:

- Thi nghiém Proctor xac dinh do am tbi wu:
Xac dinh d6 am va khdi lwong thé tich kho cua tirng
mau thi nghiém tr d6 vé biéu d6 quan hé gira do
4m va khéi lwvong thé tich khd, xac dinh d6 am tét
nhét va khdi lwgng thé tich khé I&n nhat

- Tao mau thi nghiém xac dinh cwéng d6 chiu
nén. Trén co s& két qua thi nghiém twong ng voi
trng ham lwong xi méng vé biéu dd quan hé gira
cuwong do chiu nén va ham lwgng xi mang tr dé
ham lwong xi méng phu hop dwoc xac dinh dé hdn
hop tai ché co6 céac chi tiéu ky thuat dap rng tiéu
chuin TCVN 13150-1:2020.
4. Két qua thanh phan hén hop tai ché ngudi tai
chd str dung xi mang
4.1. Két qua thiét ké hon hop cot liéu RAP

Theo phan loai hén hop tai ché cla tiéu
chuan TCVN 13150-1:2020 hén hop tai ché thudc
loai A-Il. Vat liéu I&p mat bé téng nhya cli va moéng
cap phdi da dam 4y tai hién trwdng dwgc mang vé
phong thi nghiém xac dinh thanh phan hat. Két qua
thi nghiém thanh phan hat cGa vat liéu |&p mat,
moéng dwdng cii dwoc thé hién Hinh 1 va Hinh 2.

Két qua thiét ké hén hop cbt lieu dwoc thé
hién trong Bang 1 va Hinh 3.

19 37.5 50

Co sang (mm)

Hinh 1. Thanh phan hat cta cét liéu I&p mat dwéng bé tdng nhwa ci
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Co sang (mm)
Hinh 2. Thanh phan hat cta cét liéu Iép méng cap phdi da dam
Bang 1. Két qua thiét ké hén hop cdt lieu RAP
Ti lé phoi
Loai vat liéu e phol C& sang (mm)
tron
(%) 50 37,5 19 4,75 2,36 0,075
BTN 47 47,00 47,00 44,70 24,25 17,58 1,93
Méng CPDD 53 53,00 53,00 48,07 23,64 15,21 1,54
Cép phdi H6n hop (%) 100 100,00 100,00 92,77 47,89 32,79 3,46
Yéu cau ky thuat theo
) 1 -1 -1 -7 20 - -1
TCVN 13150-1:2020 00 95-100 50 -100 30-70 0-60 0-15
100 O A
90
80
0 <&
o 60 &
£ 50
2 a0
S 30
20 s
10
0
0.075 0.75 75 75
Co sang (mm)
$— Can trén Céan dudi Thiét k&

Hinh 3. Buong cong cép phéi ciia hdn hop sau khi phéi tron

4.2. Két qua Iwa chon ham lwong xi mang téi wu
4.2.1. Két qua thi nghiém Proctor xac dinh do
am to6i wu

Két qua thi nghiém Proctor xac dinh dé am
t6i wu cla tirng hén hop tai ché ngudi tai chd duoc
thé hién Hinh 4a, 4b, 4c twong (rng v&i ham luwong

xi mang st dung trong hén hop 1a 3,5%; 4%; 4,5%.

T biéu d6 quan hé gitra d6 am va khdi
lwgng thé tich khé twong (ng va&i tivng ham lwong
xi mang st dung trong hdn hop tai ché ngudi ta xac
dinh dwoc dd &m tdi wu cho tirng hén hop chi tiét
trong Bang 2.
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Hinh 4. Biéu dd quan hé gitra d6 am va khéi lwong thé tich kho

Bang 2. Két qua thi nghiém dam nén Proctor lwa chon d6 dm téi wu

STT  Hamlwongxi  Khéi lwong thé tich kho Do am ti wu
mang (%) I&n nhét y« (g/cm3) Wo (%)
1 3,5% 2,197 5
2 4% 2,279 5,5
3 4,5% 2,219 5,9

4.2.2. Két qua Iwa chon ham lweng xi mang toi
wu

Sau khi lwa chon dwoc d6 &m tdi wu cGa hdn
hop twong (rng v&i tirng ham lwong xi mang tién
hanh tao mau xac dinh cuwdng dé chiu nén mot truc
va cwong dd chiu kéo khi ép ché dé Iwa chon ham
lwong xi mang ti wu. Cwong dd chiu kéo khi ép
ché quy dinh tai TCVN 8862:2011. Cwong dé chiu
nén mét truc va cwdng dd chiu kéo khi ép ché
twong (rng véi mot ty 1& xi mang 1a tri sb trung binh
ctia 3 mau thi nghiém.

Cudng dé chiu nén mét truc dwoc tinh toan
theo cong thire:
R = 10xP
: A

Trong dé:
Rn: Cuwdng d6 nén doc truc, MPa;
P: Tai trong 1&n nhét trong thi nghiém, kN;
A: Dién tich mé&t cat mau thi nghiém, cm?2.
Cuwdng doé chiu kéo khi ép ché dwoc tinh toan
theo cong thirc:
2P

Re= THD



JSTT 2024, 4 (4), 1-9

Trong do:

Rke: Cudng do kéo khi ép ché, MPa.

P - Tai trong khi pha hiy m&u hinh try, N

H - Chiéu cao cla mau hinh try (chiéu dai
dwong sinh), mm

D - Bwong kinh day mau hinh try, mm

P-3,1416

Két qua thi nghiém khdi lwong thé tich kho
I&n nhéat, Cwéng d6 chiu nén mét truc va cuong do
chiu kéo khi ép ché theo ham lwgng xi mang duwoc
thé hién trong hinh 5a, 5b, 5c.

Két qua thi nghiém cho thay khi ham lwong
xi mang tang tr 3,5% - 4% cuwdng dd chiu nén mot

23
2.279
2.28

2.26

2.24
2.219

2.22
2.19

2.2

2.18

Khéi lwong thé tich khé (g/icm3)

2.16

3.0% 3.5% 4.0% 4.5%

Ham lwgng xi mang (%)

(a)

5.0%

0.40

0.35

0.30

0.2
0.25

(MPa)

0.20

0.15

Cwong do chiu kéo khi ép cheé

0.10

3.0% 3.5%

Nguyén

truc va cwdng do chiu kéo khi ép ché déu tang
dang ké 1an luot 1a 38,37% va 35,06%. Tuy nhién
khi tdng ham lwong xi mang tr 4% dén 4,5%
Cuwong doé chiu nén mét truc cé xu huwdng giam va
cwdng do chiu kéo khi ép ché tang khéng dang ké
(hinh 5b,c).

T két qua thi nghiém cho thdy cwdng do
chiu nén mét truc va cwong do chiu kéo khi ép ché
twong &ng v&i 3 ham lwong xi mang déu dap ng
vOi quy dinh tai TCVN 13150-1:2020 (Bang 3), tw
dé ham lwong xi mang téi wu dwoc xac dinh dé hén
hop c6 chi tiéu ky thuat dap &ng yéu cau TCVN
13150-1:2020 la 4%.

3.57 345

35

2.5
2.5

Cwong do chiu nén (MPa)

15

3.0% 3.5% 4.0% 4.5% 5.0%

Ham Iwgng xi mang (%)

(b)

0.36
0.35

4.0% 4.5% 5.0%

Ham lwong xi mang (%)

(c)

Hinh 5. Biéu db quan hé gitra cac chi tiéu ky thuat cla I&p tai ché ngudi va ham lwong xi méng
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Nguyén

Bang 3. Lwa chon ham lwong xi mang tdi wu theo cac chi tiéu ky thuat

Tén chi tiéu

Yéu cau ky thuat
TCVN 13150-1:2020

Ham lwong
xi mang dap trng

Cuwdong do6 chiu nén (Mpa) 22,45 3,5% - 4,5%
Cwéng dd chiu kéo gian tiép (Mpa) 20,25 3,5% - 4,5%
Ham lwong xi mang lwa chon (% theo khoi lwgng hén hop) 4%

5. Két luan

- Trong sb cac loai vat liéu gia cé dwoc st
dung trong céng nghé tai ché ngudi tai chd, xi méng
la Iwa chon phd bién nhat nhe vao wu diém vé chi
phi va tinh kha dung. Muc tiéu chinh cta viéc st
dung xi mang la nang cao cwong do chiu nén cua
I&p tai ché. Thuc té cho thay, cwdng d6 cubi cling
phu thudc vao lwong chét gia cd dwoc ap dung, do
do, viéc xac dinh ham lwong vat liéu gia cb can dwa
trén thiét k& hén hop hop ly dé dat dwoc hiéu qua
st dung tbi wu.

- H6n hop tai ché ngudi tai chd mat dwdng
cii trén doan tuyén dworng H6 Chi Minh qua tinh
Thanh Héa bao gbm 47% vat liéu I&p mat duwong
bé tdng nhwa cii va 53% cbt liéu I&p moéng cap phbi
da dam da dwoc thiét k& thanh phan véi ham
lwong xi mang t6i wu dwoc lwa chon la 4%, dap
&ng cac yéu cau ky thuat ctia TCVN 13150-1:2020.
L&i cam on

Nghién ctru nay dwoec tai tro béi Tredng Dai
hoc Cdéng nghé Giao thdng van tai trong dé tai
nghién ctru khoa hoc trong diém cap Trwong ma
s6 DTTD2023-04.
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