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Abstract. Incorporating rubber aggregates grinding from end-of-life waste tires into cement-
based materials could help improve the resistance of the composites to shrinkage cracking.
However, few studies were found on rubber aggregate incorporation into cement-treated base
materials. This study added rubber aggregates size 1-3 mm to cement-treated aggregates type
Dmax25 (4% cement) at different contents of 1%, 2% and 5%, by weight of dry graded
aggregates. These rubberized cement-treated materials were then assessed in the laboratory to
determine fundamental mechanical properties. Two pavement segments were also constructed
using the composites incorporating 0% and 2% rubber aggregates. The results showed that the
cement-treated base materials contained 0%, 1% and 2% rubber aggregates that met the
mechanical properties requirements for pavement bases. In addition, two transverse cracks (1
mm wide and 3,25 m long) appeared in the reference cement-treated base (without rubber
aggregates) 30 days after the pavement was paved, whereas the one incorporating rubber
aggregate was still intact. This observation demonstrated that rubber aggregates could help the
cement-treated base reduce shrinkage and limit resulting cracking. The research promotes
using crumb rubber aggregates from waste tires in pavement construction, limiting
environmental pollution caused by end-of-life tires.
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Tém tit. Cot liéu cao su dugc nhan dinh s& giup ting kha ning khang nit do co ngdt cia vat
lidu xi mang. Tuy nhién hién khong nhiéu cic nghién ctru st dung cbt liéu phé thai nay trong
16p mong cap phdi da dim (CPPD) gia ¢d xi ming (GCXM). Nghién ciru nay sir dung cot
liéu cao su c& hat 1+3 mm thém vao CPDPD Dmax25 gia cb 4% xi mang vai ti 1¢ 1%, 2% va
5% khdi luong cbt lidu kho. Cac loai CPDD-cao su GCXM nay dugc thi nghiém danh gia cac
chi tiéu cuong do va dac biét trién khai thi cong thi diém 2 loai CPPD GCXM sir dung 0% va
2% cao su. Két qua cho thay CPPD GCXM tron thém 1% va 2% cao su dat cuong do yéu cau
lam 16p mong trén. Ngoai ra, da quan sat dugc 2 Vet nGt rong khoang 1 mm xuat hién ¢ ngay
thir 30 trén 16p méng GCXM khong tron thém cdt lidu cao su trén toan bd be rong 16p mong
(3,25 m), trong khi d6 CPBD GCXM thém 2% cao su khong xuat hién vét nut. Diéu nay
chung to ¢t lidu cao giup CPDD GCXM gidam co ngot va han ché niit do co ngot. Nghién ctru
gop phan thuc day sir dung cbt liéu cao su duoc nghién tir 16p xe phé thai trong xdy dung
duodng, gop phan han ché cac van dé méi truong do 10p xe phé thai gay ra.

Tur khoa: Vat lidu xi mang cao su, cap ph01 da dam gia-cao su co Xi ming, niit méng gia cb
xi ming, mé dun dan hoi, thi cong thi diém cap phdi da dam gia cb xi ming.
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1. PAT VAN DE

Mong cép phdi da dam (CPPD) gia cb xi mang (GCXM) c6 cuong d cao va on dinh
nudc nén thuong duge sir dung cho dudng cao téc, duong co tai trong truc 16m, cac tuyén
dudng di qua khu vuc ¢6 ché d6 thiy nhiét khong thuan loi [1,2]. Tuy nhién méng dudng gia
¢d thudng bi nit do co ngédt va dan dén hién tugng nut phan anh 1én 16p mit bé tong nhya sau
khi dudong dua vao khai thac dudi tac dung cua tai trong xe chay va moi truong [3]. Cac bién
phap chéng nirt cho 16p méng GCXM chii yéu 1a tao nit trude [4-7], str dung vai dia k¥ thuat
[8] hodc su dung tro bay hodc két hop v6i phu gia giam co ngot [9]. Viée tao nit trudce s€ lam
giam chirc nang 6n dinh nudc va chdng xam thuc cia 16p mong gia cb. Gan day co nghién
ctru kién nghi str dung dau phé thai hodc nhii tuong dé han ché nut [10]. Viée st dung phé
thai dau an dugc xem la mot giai phap kinh te tiét kiém ngudn ning luong, bao vé mdi
truong. Mot sd nghlen ctru khac tmg dung cdt soi nhu soi bazan [11] hodc soi polymer
[12,13] dé han ché co ngdt va ting kha nang khang nut cia CPDD GCXM. Viée st dung cht
soi chi giup han ché sy mé rong vét nit ma khong ngan can sy hinh thanh vét nit [13]. 6]
nude ta, viéc xir Iy nit 16p méng CPPD GCXM chu yéu 1a sau khi cac vét niit da xuét hién
bﬁng cach su dung cat tron nhua duong dé bit kin cac vét nirt nho [14] hodc str dung ludi soi
thuy tinh [15,16] trong trudng hop nit cuc bd 1on hoac tai cac khe gia. Tuy theo muc d§ nut,
16p SAMI (Stress Absorbing Membrane Interlayers-16p trung gian hap thu tng suit) c6 thé
dugc str dung [5,14]. Ngoai ra dé han ché hién twong nit phan anh 1én mit dudng bé tong
nhura, tiéu chuan TCCS 38:2022/TCDBVN [17] yéu cau chiéu day tang mit c6 st dung nhua
phai bang bé day 16p mong nira cing va toi thiéu bang 14-18 cm. Tét ca cac giai phap néu
trén c6 nhitng uu nhugc diém nhét dinh, lién quan dén van dé chi phi hodc hiéu qua trong viéc
cai thién kha ning khang nirt cua cap CPPD GCXM.

Dbi v6i mong dudng GCXM, viée st dung cot liéu cao su phé thai duoc cho rang s&
tang kha nang khang nut do co ngot va do thay d6i nhiét d [18]. Tuy nhién hién co rét it cac
nghién ctru cu thé vé viée tng dung cbt liéu cao su cho 16p mong CPPD GCXM [8,19 ,20].
Xiaoyin Sun va cs [8] da khao sat tinh chat co ngét ciia CPPD-cao su GCXM va nhan thay
murc d§ co ngot va hé s6 co ngdt cuia cac mau tang dan theo thoi gian bao dudng, ting nhanh
O giai doan dau, sau d6 chi tang nhe va 6n dinh dan sau 4 ngay bao dudng. Dac biét, mirc do
co ng6t va h¢ sé co ngbt cia CPPD-cao su GCXM sir dung cbt liéu cao su 0,4 mm dé thay thé
1-2% thé tich cdt liéu min nho hon so véi CPPD GCXM khong su dung cdt liéu cao su. P.N.
Phuong va cs [21] ciing chi ra ¢t liéu cao su kich thudc 3-6 mm thay thé 25% c& hat tir
0,425-9,5 mm trong CPPD Dmax25 GCXM 4% gitip giam co ngot so voi cap phdi d6i ching
(khong str dung cdt lidu cao su). Tir két qua do co ngét két hop véi viée giam mé dun dan hoi
(giam tinh gion) cua CPPD-cao su GCXM, Xiaoyin Sun va cs [8] va P.N. Phuong va cs [21]
d3 nhan dinh st dung cdt lidu cao su giup cai thién kha ning khang nit cia CPPD GCXM.
Tuy nhién, ciling chua c6 thi nghiém cu the nao ¢ phong thi nghiém dé danh gia kha nang
khang ntt cia CPPD GCXM c6 sir dung c6t lidu cao su, dic biét chua co thi cong thi diém
nao khing dinh kha ning khang ntt cia CPPD-cao su GCXM.

Tir cac tong hop & trén cho thdy c6 2 hudng xir Iy van d& nit cho CPPD GCXM: (i)
nghién ctru giai phap xur Iy vét nirt (sau khi ntt) va (ii) nghién clru giai phap han ché phat sinh
va phat trién vét nirt. Theo hudng nghién ciru thir 2, sir dung cdt liéu cao su nghién tir 1p xe
phe thai trong CPDD GCXM 1a 1 giai phap gitip giam co ngot va han ché nut, gop phan giam
thiéu cac van dé moi truong, thic day phat trién kinh té tudn hoan do tai sir dung cac phe thai
cong nghiép, hudng dén phat trién xanh va bén viing. Tuy nhién, cic nghién ctru di tién hanh
theo hudng nay chi nhan dinh vé kha ning khang nirt thong qua thi nghiém co ngét trong
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phong thi nghiém. Trong nghién ctru nay, sir dung cbt liéu cao su kich ¢ hat 1+3 mm thém
vao CPPD Dmax25 gia c¢b 4% xi mang v6i 1%, 2% va 5% khéi lwong CPPD kho. Cac loai
CPDD-cao su GCXM dugc tién hanh dic miu trong phong thi nghiém xac dinh céc chi tiéu
co hoc va thi cong thi diém hién truong 2 loai CPPD GCXM str dung 0% va 2% cao su dé co
danh gia toan dién vé céc tinh chit co hoc ciia CPPD-cao su GCXM, dic biét quan tric nit
ctia cac doan thi cong thi diém. Qua dé ddi sanh véi CPPD GCXM dbi chimg dé 1am rd hon
vé hiéu qua khang nut khi sir dung c6t liéu cao su trong cac 16p mong GCXM.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1. Vat liéu

CPDD loai 1 Dmax25 st dung dé GCXM duogc léy tai mo da An Hoi, Quang Ngai, co
cac tinh chit co 1y dam bao cac yéu cau ky thuat d& GCXM theo TCVN 8858:2021 [16]. Ct
liéu cao su sir dung c6 c& hat 1-3 mm duoc nghién tir 16p xe 6 t6 phé thai, c6 khdi lugng riéng
1,2 g/cm3 va d6 hat nudc khong dang ké [22—24]. Thanh phan hat ctia CPPD va cét liéu cao
su thé hién ¢ Hinh 1. Xi mang PCB40 The Vissal c6 cuong do chiu nén 28 ngay > 44 MPa
dugc st dung dé gia ¢6 CPPD. Thoi gian xi ming bat ddu va két thac ninh két tuong tmg 1a >
120 phat va < 260 phit. Xi mang c6 khéi lugng riéng 3,02 g/cm? va lugng nude tiéu chuin
31% phu hop céc yéu cau theo TCVN 6260:2009 [25].
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Hinh 1. Thanh phén hat ¢t liéu cao su 1-3 mm va CPPD Dmax25.
2.2. CPDD-cao su GCXM

Ham luong xi ming 4-8% dung dé gia c6 CPPD (theo khdi lugng CPPD kho) [26].
Nghién ctru nay str dung ham lugng xi ming 4% dé gia c6 CPPD Dmax25. Bé tao ra CPPD-
cao su GCXM, cac nghién ciru ¢6 trude thuong thay thé mot phan thé tich d4 dam trong
CPDPD GCXM bing cbt liéu cao su c6 kich thudc twong tng [8,19-21,27,28]. Tuy nhién, viéc
thay thé mot phén cdt lidu theo thé tich co mot sb van dé nhat dinh trong viéc phéi tron cot
liéu. Do d6 trong nghién ciru nay, bt liéu cao su duoc st dung nhu mét chit don va thém vao
CPDPD GCXM véi ham lugng 0%, 1%, 2% va 5% theo khdi luong ¢t liéu kho ciia CPPD
GCXM dé c6 cac cap phdi nghién ctru twong tmg 0CS (cap phdi ddi ching), 1CS, 2CS va
5CS. Luu y d6i v6i CPPD-cao su GCXM, khdi lugng xi mang dugc tinh theo 4% téng khoi
lugng kho cua CPDD va cao su. Viéc chon ty 1€ cdt lidu cao su nay trén co s& quy doi ti 1é thé
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tich tir mot sb lgét qua nghién ciru ¢6 trude ddng thoi c6 thé tao ra cap phdi gia cb co thé dat
cuong do yéu cau cua tang mong ket cau mat duong.
Cong thirc tinh toan thanh phdn CPPD-cao su GCXM nhu sau:
Mes = Pes MKepdd (1
Mxm = Pxm (M¥epad + Mes) ()
trong do:
mes: Khéi lugng c6t lidu cao su tron thém vao CPPD (kg)
Pes: Thanh phan phan trim c6t liéu cao su (%)
m¥epaa: Khéi lugng CPPD khoé (kg)
Mum: Khi lugng xi ming tron vao CPPD-cao su (kg)
pxm: Thanh phan phan trim xi mang (pxm = 4%)

T d6 thiét ké dugc thanh phén vat liéu cac CPPD-cao su GCXM cho 100 kg CPPD
kho nhu Bang 1.

Bang 1. Thanh phan vét liéu CPPD-cao su GCXM cho 100 kg CPPD khé.
Cap phdi  pes(%) CPPD kho (kg) CS (kg) Xi ming (kg)

0CS 0 100 0,0 4,00
1CS 1 100 1,0 4,04
2CS 2 100 2,0 4,08
5CS 5 100 5,0 4,20

2.3. Cac phuwong phap thi nghiém
a. Thi nghiém dAm nén tiéu chuin

Thi nghiém nay dwoc tién hanh theo tiéu chuin TCVN 12790: 2020, s dung phuong
phap II-D [29]. Do CPDD c6 ham lugng hat qua ¢& (>19 mm), do do can thuc hién hiéu chinh
dé tim d6 am t6t nhit va dung trong kho 16n nhét trong phong thi nghiém.

b. Puc mau cho cac thi nghiém

Sau khi thyc hién thi nghiém dim nén tiéu chudn va hiéu chinh dé c6 do am tbt nhat
va dung trong kho 16n nhit cia cac loai CPPD-cao su GCXM, tién hanh duc mau dé thi
nghiém cac tinh chit co hoc nhu cuong do ép che, cuong do chiu nén va mé dun dan hoi dé
kiém tra tinh phu hop khi 1am ting mong két cdu mat duong. Mau ché bi 1a mau hinh try cé
kich thudc 15 cm x 30 cm, duge dic bang phuong phap ép rung cho dén khi dat duoc dung
trong yéu cau. Vat liéu vao khuon theo 3 16p (chia phan vt liéu cho mot khuon 1am 3 phan
bang nhau), ding dam rung ép chit phan vat liéu trong khuon cho dén khi dat chiéu cao 10
cm cho m51 16p da duoc dénh dau trudce trong khuén. Céc 16p tlép theo thyc hién thao tac
tuong tu, can xdi bé mat 16p trude da dam dé tao lién két voi 16p dam l6p tiép theo. Sau khi
dam ép xong 16p cudi cung, tién hanh hoan thién bé mit miu bang phang Cach ché bi nay
phil hop v&i qua trinh thi cong ¢ hién truong va tiét kiém thoi gian duc mau.

Mau dugc thao khudn 24h ké tir khi hoan thién duq mau. Sau d6 cac mau s& duoc bao
dudng 7 ngay am va 7 ngay ngam trong nudc theo yéu cau cua TCVN 8858:2021 [16]. Sau
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khi di thoi gian bao dudng, miu s& dugc cét ra thanh cac miu hinh tru c¢6 cac kich thudc 15
cm x 17,25 cm (ti 1€ chiéu cao/duodng kinh mau: 1,15) dé thi nghiém cuong do chiu nén va mo
dun dan hdi, mau 15 cm x 10 cm phuc vu thi nghi€m ép ché. S6 luong mau ché bi dam bao t6i
thiéu 3 miu cho timg nodi dung thi nghiém (cudng d6 chiu nén, cuong do ép ché va mo dun
dan hdi). Viéc ché bi mau va mau dac thé hién trén Hinh 2.

Hinh 2. Dtic mdu CPPD GCXM.
b. Thi nghiém cuong do chiu nén, cudng do ép ché va mé dun dan hoi

Cuong do nén (fc) cuia CPDD GCXM dugc thi nghiém theo TCVN 8858:2021 [16]
trén cac mau tru c6 kich thuéc tru 15 cm x 17,25 cm (Hinh 3a). Cuong do ép ché (fi) thuc
hién trén cac miu tru 15 cm x 10 cm theo TCVN 8862:2011 [30] (Hinh 3b). Téc d6 gia tai khi
nén 1a Imm/phit va khi ép ché 1a 0,7 MPa/phut. Thi nghiém mé dun dan hdi duge thuc hién
theo TCVN 9843:2013 [31] vdi so d6 thi nghiém nhu Hinh 3c. Mau duoc lip gia tai dén
30%f. sau d6 d& tai 5 1an dé khir bo cac bién dang du trude khi ghi bién dang chinh thic cia
mau trong 3 1an gia va do tai tiép theo. Khi gia tai dén 30%f. hodc két thuc do tai, can doi
khoang 1 phut dé 6n dinh chuyén vi trén déng hd trude khi doc gia tri. Tri s6 bién dang phuc
hoi ciia mau dé tinh toan mé dun dan hoi 1a gid tri trung binh trén 2 ddng hé do.

(@) (b)

Hinh 3. Thi nghiém cudng d6 chiu nén (a), cudng do ép ché (b) va mé dun dan hdi (c).
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2.4. Thi cong thi diém CPPD GCXM

Muc dich cua thi cong thi diém & hién trudng 1a ¢ kiém tra tinh phu hop cua vat liéu
CPDPD-cao su GCXM trong xdy dung moéng duong, dic biét kiém tra kha ning khang nirt
thuc té cia CPPD GCXM c6 st dung chit don cbt liéu cao su. Do diéu kién han ché, nghién
clru nay chi thi cong va ddi sanh 2 loai cap phdi: Cap phdi ddi ching (0CS) va CPPD GXCM
tron thém 2% cao su (2CS). Viéc lya chon cap phél 2CS trén co sé két qua thi nghiém trong
phong khi 2% cao su cho két qua dam bao cac yéu cau cudng do lam mong dudng (xem phan
ket qua thi nghiém cac chi tiéu co hoc myc 2.2). Doan thi cong la cong trinh duong cap IV,
mién nui, toc do thiét ké 40 Km/h, bé rong mat duong 13 5,5 m, bé rong 1& duong 2 x 1 m
(trong d6 gia cb 2 x 0,5 m) ¢ xa Long Mai, huyén Minh Long, tinh Quang Ngai. Lop gia ch
thi cong thi diém nam trén 16p moéng dudi cap phdi thién nhién day 30 cm véi d6 chit dat yéu
cau K98 va mo dun dan hoi do duoc 80,47 MPa. Mdi phan doan thi cong thi diém dai 20 m
gdm doan sir dung CPPD gia c¢b 4% xi ming (0CS) tir KM 1+ 300 - KM1 + 320 va doan v&i
cap phdi tron thém 2% cao su (2CS) tir KM1 + 320 - KM1 + 340. L6p cap phdi thi cong thi
diém co chiéu day 15 cm va chiéu rong 3,25 m (Hinh 4a).

Do khbi lugng thi cong nho nén chi c¢6 thé tron va rai cip phdi bang thu cong. Kha
nang tron 16n nhat ctia mé tron 1a 4,5 m3, mdi phan doan can khoang 12 m* CPPD do d6 chia
1am 4 1an tron (Hinh 4b). Thoi gian cho 1 mé tron 1a 30 phut, trong d6 20 phut chudn bi vat
liéu, cho CPBD, cao su va xi ming vao mé va tién hanh tron kho hon hop; tiép theo cho nudc
vao mang va tron ki hdn hop trong mang trong 10 phut. Sau khi mé tron tht 4 két thuc, ding
may dao két hop v6i cong nhan san gat hdn hop phan bd déu trong van khuén trong thoi gian
30 phut (Hinh 4c). Sau d6 tién hanh lu so bg, lu 1én chat (Hinh 4d) dén khi kiém tra dat do
chat khong nhé hon 100%, sau d6 lu hoan thién moéng duong. Thoi gian lu 1én khoang 40
phut. Tong thoi gian cho day chuyén thi cong 16p méng CPPD GCXM va cao su 190 phut.

Pbi v6i 16p CPPD GCXM dbi chimg (0CS), khong xuat hién vét nit trén bé mat vt
lidu trong sudt qua trinh lu 1én. Nguoc lai trong giai doan lu Ién chat (khi bat ché do rung), 16p
méng CPPD GCXM tron thém 2% cao su (2CS) da xuat hién hién tuong nit va cac vét nirt
nay c6 thé nhin thdy duoc trén bé mit 16p méng trong cac lugt lu dau tién. Hién tuong niy co
thé 1a do cao su co tinh dan hoi, duéi tac dung cua tai trong lu, 16p vat li€u bi ép chat xuéng,
nhung khi lu di qua 16p vat liéu lai ¢6 xu huéng nd ra giy ra hién tuong nirt. Chinh vi vay, sd
luot lu 1én dé dat d6 chat cua hdn hop 2CS nhiéu hon so v&i hdn hop OCS. Tuy nhién, khi lu
dén cac lugt cudi cung cua giai doan lu Ién chat thi cac vét nit da bién mat. S& di cac vét nit
bién mat & giai doan nay 1a do 16p vat liéu da dat dén do chat nhat dinh, lac nay kha nang bién
dang cua cao su khong théng duoc luc ma sat va sy chén moc gitta cac hat cdt licu.

Sau khi thi cong xong, tién hanh bao dudng 16p moéng gia cb trong 14 ngay bing
phuong phap phu cat tudi am (Hinh 4e) theo hudng dan trong TCVN 8858:2021 [16]. Lop cat
dugc phu kin va déu khip bé mit 16p mong co chiéu day khoang 7 cm. Hai bén mép van
khuén sir dung bao tai phii kin. Sau d6 tuéi nudc bao dudng 2 lan/ngdy vao sang sém (6-7 h)
va chiéu mudn (17-18 h), lugng nudc tudi dam bao tham wdt toan bo 16p cat phu. Két thuc
thoi gian bao dudng (14 ngiy), tién hanh vé sinh toan bo mat duong nhu don cét, vé sinh bé
mat. Sau d6 khoan mau duong kinh 15 cm dé xac dinh chi tiéu cuong d6 chiu nén, do ép ché
va mb dun dan hdi. Pong thoi ciing quan sat nit trén mat dudng. Tai thoi diém 14 ngay sau
khi thi cong thi ca 2 doan thi cong déu chua xuét hién nut, do d6 tiép tuc quan tric theo di.
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(d) Lu leén (e) Phu cat bao dudng (f) Khoan méau kiém tra cuong do

Hinh 4. Thi cong va bao dudng I6p CPPD GCXM.
3. KET QUA THi NGHIEM VA BAN LUAN

3.1. Pp 4m tét nhit va dung trong kho 16n nhit

Quan hé gitra ham luong cbt liéu cao va d6 4m tot nhat W, cling nhu dung trong kho
16n nhét yimax sau khi hiéu chinh duoc trinh bay trén Hinh 5. Sir dung phuong phap hoi qui
v6i dudng cong phu hop nhit va xac dinh cac hé sd xéc dinh R? twong tmg. Két qua cho thay
cac moi quan h¢ c6 dang bac hai chit ché gitia ty 1¢ cot lidu cao su tron thém va do 4m tot
nhit Wop cting nhu dung trong kho 16n nhét Ykmax, hé so xéac dinh R? déu 16n hon 0,97. Hinh 5
cho thiy khi ting ty 1& cdt liéu cao su dan dén d6 4m tt nhat W, ting va dung trong khé 16n
nhit Yimax giam, ty 1& chat don cao su cang 1on thi Wy, cang 16n va yimax cang nho. Sy sut
giam dung trong kho 16n nhit ctia CPPD-cao su GCXM 1a do cdt liéu cao su c6 khdi lugng
riéng nho hon d4 dam. Ngoai ra, tinh dan hoi cta ¢t liéu cao su anh hudng dén qua trinh dam
nén va lam giam do6 chit cia CPPD-cao su GCXM. Diéu nay ciing gop phan 1am giam ykmax
clia cac cap phdi co tron thém cbt liéu cao su. Trong khi ykmax giam thi Wop lai ting 1én vi cao
su 1 vat liéu ki nuéc nén chung c6 kha ning bam khi trén bé mit khi tiép xtic voi nude. Do
vay khi str dung cdt lidu cao su trong cac cip phdi dan dén nhu ciu nuée s& nhiéu hon dé dam
bao xung quanh bé mat hat cao su di d6 4m dé lam giam ma st cua giira cac hat cao su Vol
cac thanh phan khac, giup hdn hop dé dugc 1én chit [21], ty 1é cao su cang 16n thi nhu ciu
nude cang nhiéu. Két qua trén ¢6 xu hudng tuong ddng véi nghién ciru caa P.N. Phuong va cs
[21] khi tac gia nay sir dung cdt liéu cao su c6 kich thude 3-6 mm dé thay thé mot phan thé
tich da dam c& hat 0,425-9,5 mm trong CPPD Dmax25 gia cd 4% xi ming.
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Hinh 5. Anh huong cia bt liéu cao su tron thém véi do Am tot nhét (a) va dung trong kho6 16n nhét (b).
3.2. Cuong d9 chiu nén va ép ché miu ché bi trong phong thi nghi¢m

Hinh 6 cho thay rang ty 1& c6t liéu cao su phdi tron anh hudng rat 1on dén cuong do
chiu nén (fc) va cuong do ép ché (f;) cua cac CPBD GCXM, ham lugng cao su tron thém cang
16n thi cuong do giam cang sau. Xu hudng nay kha tuong dong véi két qua tir cac nghién ciru
¢6 trude [8,19,21,27]. Cu thé, cuong d6 chiu nén va cuong do ép ché 16n nhét thude vé cip
phdi @i chimg 0CS (f. = 6,42 MPa va f; = 0,65 MPa) va nho6 nhét 1a cap phdi 5CS (f.= 2,78
MPa va f; = 0,32 MPa). Khi tron thém cdt liéu cao su v6i cac ham lugng 1%, 2% va 5%,
cudng do chiu nén cua cap phdi gia cb giam lan luot 13 26,06%, 36,14% va 56,69%. Trong
khi d6 cuong do ép che cua cac cap phéi giam tuong Gng la 21,41%, 28,68% va 50,63% so
sanh véi cip phdi 0CS. S6 liéu nay cho thay su suy giam cuong do nén lon hon su suy giam
cuong d6 ép ché, diéu nay c6 nghia 1a cbt liéu cao su it anh hudng dén cuong do chiu kéo cua
CPPD GCXM. Sy suy giam cic tinh chit co hoc noi trén c6 thé giai thich nhu sau: (i) luc
dinh bam kém gitra c6t liéu cao su va hd xi ming; (ii) do cimg thip cua cbt liéu phé thai cao
su so véi da diam; (iii) CPPD-cao su GCXM rdng hon do tinh wa khi cia cdt lidu cao su; (iv)
cong tac dim nén kho dat d6 chit do tinh dan hoi cia cdt liéu cao su, dic biét khi sir dung ty
1¢ ot lidu cao su tron thém 16n. Két qua thu dugc néu trén kha twong dong véi két qua nghién
clru gan day cia P.N. Phuong va cs [21].
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Hinh 6. Anh huéng ciia ham luong cbt liéu cao su tron thém dén (a) cuong do chiu nén va (b) cudong
d6 ép ché cua CPPD GCXM ché bi trong phong thi nghiém.
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So sanh véi cac yéu cau cuong d6 16p méng CPPD GCXM theo TCVN 8858:2021
[16], cac cap phéi OCS, 1CS va 2CS c6 cuong do chiu nén va cudng do ép ché déu 16n hon
4,0 MPa va 0,45 MPa nén c6 thé sir dung lam 16p mong trén cua mat dudng bé tong nhua va
bé tong xi mang cac dudng cao toc, dudng cap I, cap II hodc 16p mit c¢6 lang nhua va trong
cac truong hop khac. Cép phdi 5CS co6 cuong do chiu nén 16n hon 1,5 MPa nén c6 thé st
dung lam ting mong dudi cho cac loai mat dudng.

Mdi quan hé giira cudng do ép ché va cudong do chiu nén cua cac CPDD GCXM c6 su
dung chat don cao su ¢ 14 ngay duoc thé hién & Hinh 7. C6 thé nhan thay ring, quan hé giita
cuong do ép ché va cuong do chiu nén ctia cac CPbD GCXM tuyén tinh rat chit ché voi hé
s6 xé4c dinh R2 > 0,99.
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Hinh 7. Quan hé giita cuong d6 chiu nén va ép ché ciia cac CPPD GCXM ¢ 14 ngay tudi.

3.3. M dun dan hoi miu ché bi trong phong thi nghi¢m

Xu hudng anh hudng ctia chat don cao su dén mo dun dan hdi thé hién ¢ Hinh 8 twong
tu nhu cuong do chiu nén va ép ché, tirc 1a ty 1& cao su ting dan dén giam mo6 dun dan hdi cua
cac CPPD GCXM. M6 dun dan hdi cua cac cip phdi 1CS, 2CS va 5CS giam 1an luot 1a
37,0%, 42,65% va 57,74% so voi cap phdi ddi ching 0CS. C6 thé ndi sy suy giam mé dun
dan hoi cua cac CPPD GCXM tron thém cbt liéu cao su 1a 16n nhét, tiép dén 1a cuong do nén
va su suy giam cuong do ép ché 1a nho nhét. Sir dung cbt liéu phé thai cao su trong CPDD-
cao su GCXM gilp tang kha nang chiu bién dang cua 16p mong gia cb do cao su ¢ do clng
nho va tinh chiu bién dang cao. Tir d6 gilp tang kha nang khang nut cua tang moéng gia co do
tai trong xe chay hodc do co ngoét. Két qua thi nghiém mé dun dan hdi thu dugc cua cac
CPPD-cao su GCXM c6 xu hudng tuong ddng véi cac nghién ctu trude day [8,19,21].

TCCS 38:2022/TCPBVN [17] dua ra gia tri mo dun dan hdi cuia CPPD GCXM tbi
thiéu tir 400 MPa (tvong Ung cudng d¢ chiu nén ¢ 14 ngay > 2 MPa). Tat ca cac CPbD
GCXM sir dung chét don cao su déu co Ean > 500 MPa (Hinh 8). Do vay cac cap ph01 trong
nghién ctru nay déu c6 thé sir dung lam ting méng cho két cau mat duong. Ngoai ra, moi quan
hé gitra md dun dan hdi va cuong do chiu nén ciia cac cua cac cip phdi gia cd & 14 ngay thé
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hién trén Hinh 9 c6 dang duong cong béc 2 vdi hé s6 xac dinh R2 > 0,99, xu hudéng phu hop
v&i mo hinh cta Balo [26].
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Hinh 8. Anh hudng cia ty 1¢ ¢dt lidu cao su tron thém dén mo dun dan hoi caa CPPD GCXM.
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Hinh 9. Twong quan giita mo dun dan hdi va cudng do chiu nén cia CPPD GCXM & 14 ngay.

3.4. Panh gia chit lwong thi cong hién trudng va cac yéu té anh hwong

Céac mau thi cong & hién trudng ciing dugc thi nghiém céc tinh chét co hoc nhu cudong
do chiu nén, cuong do ép ché va m6 dun dan héi. Cac chi tiéu co hoc ndy duge so sanh voi
cic mau & phong thi i nghiém va trinh bay ¢ Hinh 10. Trong céc chi tiéu cudng d¢ thi cuong do
chiu nén cua cac mau khoan hién truong xap xi véi cac mau ché bi trong phong thi nghiém.
Cuong do chiu nén cic miu khoan hién trudng 0CS va 2CS chi thip hon khoang 5,0% va
7,9% so voi mau dac. Trong khi d6 cudng do ép ché va md dun dan hoi lai giam kha nhiéu,
khoang 23,6% va 28,9% dbi voi cap phbi 0CS va khoang 19,9% va 25,2% dbi voi cap phoi
2CS.
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Hinh 10. So sanh cudng d6 chiu nén (a), cudong d6 ép ché (b) va mb dun dan hdi (c) cia CPBD
GCXM gilta mau duic trong phong thi nghiém va thi cong hién truong.

Viéc suy giam cuong do ctia cac mau khoan hién truong so véi mau duc trong phong thi
nghiém cé thé duogc giai thich nhu sau: (1) Ti 1€ thanh phﬁn hat tiéu chuan va hat qué co kho
dam bao giéng nhu cac hdn hop da phdi tron trong phong thi nghiém; (2) Cong tac can, dong
va tron vat lidéu ngoai hién truong khé chinh xac va dat duge d6 dong déu; (3) Thoi gian thi
cong ngoai hién truong (khoang 190 phut) dai hon thoi gian diic mau trong phong thi nghiém;
(4) Cong tac lu 1én ciing kho dam bao dat dugc d6 chit ddng déu nhu mau dic; (5) Bao dudng
l6p GCXM ngoai hién truong c6 sy khac biét so voi trong phong thi nghiém (ngoai hién
truong bao dudng am 14 ngay, trong phong thi nghiém bao dudng am 7 ngay va ngdm nude 7
ngay), hon nita bao dudng am ngoai hién truong kho dam bao dleu kién v€ nhiét do va do a am
nhu trong phong thi nghiém; (6) Su khac biét vé chidu cao ctia mau khoan hién truong va mau
dac trong phong thi nghiém. Ngoa1 ra c6 thé thiy cudng do nén cia cic miu khoan hién
truong xap xi cudong do nén cua mau dic trong phong thi nghiém 1a do c6 tinh dén hé sb diéu
chinh thong qua ti sé chiéu cao va duong kinh cia mau (H/D). Trong khi d6 cuong do ép ché
va mo dun dan hoi khong xét dén hé sb nay nén gop phan lam giam thém cuong dé ciia chung
so v&i mau dic trong phong thi nghiém.

Van dé can ban luan thém 1a thoi gian thi cong cua mdi phan doan thir nghiém ngoai
hién truong lon hon thoi gian khuyén cdo trong TCVN 8858:2021 [16] (vuot quéa thoi gian
bat ddu minh két ciia xi ming). Mic du thoi gian thi _cong dai hon thoi gian dong két cua xi
ming nhung khong anh huéng nhiéu dén sy phat trién cuong do cia cac CPPD GCXM. Su
suy giam cudng do cua cap phdi ¢ hién truong 1a co thé do cac nguyén nhan khac nhu phan
tich & trén. Két qua nay cho thay rang khi thi cong 16p vat liéu CPPD GCXM, c6 thé kéo dai
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thoi gian thi cong (thoi gian tir khi tron dén khi két thuc lu 1én va hoan thién) nhung khong
nén vuot qua thoi gian két thuc ninh két ctia xi ming. Xi mang dung trong nghién ciru niy co
thoi gian két thuc dong két 1én dén 260 phut, do d6 thoi gian thi cong doan thir nghiém lén
dén 190 phut van dam bao yéu cau.

3.5. Quan sat nirt méng CPPD GCXM doan thir nghiém

Sau khi ngimg bao dudng 16p mong, tiép tuc theo ddi thi trén doan CPPD GCXM 0CS di
xudt hién 2 vét nirt ngang & thoi diém 30 ngay (ké tir luc thi cong). Hai vét nut cach ddu doan
lan luot 2,5 m va 5,5 m (Hinh 11). Chiéu dai vét nut rong bﬁng bé rong mat duong doan thur
nghiém (3,25 m). Cac vét nirt c6 chiéu rong trung binh 1 mm (Hinh 12). Trong thoi gian quan
trac, 16p mong chua chiu anh hudng cua tai trong xe chay, do vay hién tuong nit ¢ 16p moéng
gia ¢6 0CS 1a nit do co ngét. Trong khi d6 doan mat duong cé sir dung cdt lidu cao su van
nguyén ven. Didu nay chimg t6 cdt liéu phé thai nay di lam giam co ng6t va ting kha ning
khang nirt do co ngdt cua 16p méng GCXM. Két qua quan trac kha phu hop véi thi nghiém
cua Xiaoyin Sun va cs [8] va P.N. Phuong va cs [21] khi céc tac gid nay da quan sat duogc su
giam co ngot cia CPDPD-cao su GCXM khi thuc hién cac khao sat trong phong thi nghiém.
Nghién ctru nay dé quan tric truc quan duoc kha nang khang nit (khong nit) cia 16p mong
gia ¢d co sir dung cdt liéu cao su so voi 10p mong ddi chimg (bi nut) khi thi cong & hién
truong.

Kha niang khang nut cta ting méng CPPD GCXM c6 sir dung cdt liéu cao su c6 thé duge
gii thich nhu sau: (i) cdt liéu phé thai cao su dong vai tro nhu 1a cac khe dan nho [32]; (ii) cbt
lidu cao su c6 kha nang hip thy nang lugng nut 16n va c6 tinh chiu bién dang khi kéo cao hon
s0 vOi da dam [33]; (iii) cudng do chiu keo udn & giai doan tudi sém cua cip ph01 c6 st dung
cbt liéu cao su cao hon cap ph01 d6i chimg vi luc d6 cudng do cua xi mang con thap, kha nang
chiu kéo udn cua cip phéi gia cd duoc cai thién nhd vao kha nang chiu bién dang kéo cua cbt
liéu cao su. Do d6 cao su giup han ché hinh thanh va phat trién ntt do co ngét (do ngan can
hay ma sat) [3,34]. Tuy nhién, van dé gia hoa cua cdt lidu cao su trong qua trinh khai thac ¢
thé anh hudng dén kha ning khang nit cua CPBD-cao su GCXM. Do do6 s€ dugc xem xét
khao sat danh gia trong cac nghién ctru tiép theo.
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Hinh 11. Vi tri vét niit trén mat bang thi cong thir nghiém.
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Hinh 12. Hinh anh vét ntt ngoai thuc té doan thu nghiém.

Sau hon 30 ngay tir khi két thic bao dudng, don vi thi cong da phai trién khai thi cong
cac 16p mong va mat dudng nén cac loai xe may thi cong di lai trén cac phan doan thir nghiém
cling nhu thi cong 16p mit duong BTXM phu 1én trén. Do vdy, cong tac theo ddi, kiém tra vét
nut khong thé tiép tuc.

4. KET LUAN

Bai bao danh gia tinh chit co hoc cia CPPD Dmax25 gia ¢b 4% xi mang c6 tron thém
1%, 2%, 5% cdt liéu cao su ¢& hat 1-3 mm (theo khdi lwong CPPD khé). Pic biét da thuc
hién thi cong 2 doan thi diém CPPD GCXM st dung 0CS va 2CS, mdi doan dai 20 m, rong
3,25 m va day 15 cm. Trén co s& céac thi nghiém trong phong, danh gia chét luong thi cong
hién truong va theo doi sy hinh thanh vét nut trén cac doan thi cong thi diém, mot s6 két luan
chu yéu duogce rat ra nhu sau:

- Str dung ¢6t lidu cao su nhu 1a chit don trong CPPD GCXM da lam tang d6 am tot nhat
Wop va gidm dung trong kho 16n nhat ykmax cia CPPD-cao su GCXM, ty 1¢ tron thém cot licu
cao su cang 16n thi W, cang 16n va yimax cang nho.

- Cuong d0 ép ché, cuong do chiu nén va mo dun dan hdi cta cac CPPD-cao su GCXM
giam ti 16 thuan v6i ham luong cao su. Co mdi quan hé tuyén tinh chic ché (R2> 0,99) giira
cudng do ép ché va cudng do chiu nén cua cac CPPD GCXM. Céc cip phdi nghién ctru 0CS,
1CS va 2CS ¢6 cudng do chiu nén va ép ché déu 16n hon 4,0 MPa va 0,45 MPa déap Gng
cuong d6 yéu ciu cia 16p mong trén cac loai mat duong, cip phdi 5CS c6 thé sir dung 1am
16p mong dudi.

- Yéu ciu céng dam nén nhidu hon d6i véi CPPD GCXM tron thém cbt 1iéu cao su. Thoi
gian thi cong mdi phan doan thir nghiém kéo dai khoang 190 phut, 16n hon thdi gian khuyén
céo trong TCVN 8858:2021 [16] 1a thoi gian xi mang bt ddu ninh két. Tuy nhién viéc thi
cong kéo dai khong anh hudng nhiéu dén sy phat trién cuong d6 cua CPPD GCXM. Kién
nghi xem xét cho phép kéo dai thoi gian thi cong cia CPDD GCXM tir khi trén 4m dén khi
két thuc lu 1én va hoan thién 16p moéng gia c¢b sém hon thoi gian két thic ninh két cua xi
mang.

_ - Diéu kién thi cong thi diém han ché, dc biét 1a phoi tron va san rai bang thu cong da
phan nao anh hudng dén chat lugng thi cong CPPD GCXM ¢ hién truong, nhat 1a cuong d6
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¢p che. Tuy nhién cac 16p mong gia cb nay v?u; dam bao cudng do yéu cau. Néu‘thi cong hoan
toan bang may nhu st dung tram trdn, rai cap pho6i bang may rai theo yéu cau cia TCVN
8858 [16] thi s€ cai thién hon chat lugng 16p mong cap phoi OCS va 2CS.

- Hién twong ntt do co ngédt da khong xuét hién trén hai phan doan thi cong thir nghiém
trong 14 ngdy dau bao dudng. Tuy nhién, 2 vét nit rong khoang 1 mm di xuat hién & ngay
thar 30 trén moéng cap phdi OCS trén toan bo bé rong 16p mong (3,25 m). Trong khi d6 doan st
dung 2% cao su da khong xuat hién vét nit, ddy 1 can cir quan trong va thuc té khang dinh
kha nang khang nat cia CPDBD-cao su GCXM.

LOI CAM ON

Nghién ciu nay dugc tai trg béi Quy Phat trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong d¢ tai ma s6 107.01-2020.12.
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