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Tém tit

Vit liéu xi ming c6 st dung cdt liéu cao su nghién tir 16p xe phé thai da dudc chiing minh c6 kha ning ting dung
trong xay dung dudng. Bai bdo trinh bay cac thi nghiém xac dinh cic tinh chit co 1y ctia cAp phdi d4 dim-cao
su (Dmax = 25) gia cb xi ming (4%) trong d6 cbt liéu cao su dudc st dung dé thay thé 0%, 10%, 25% va 50%
lugng cbt liéu c¢6 thanh phan hat tir 0,425 mm dén 9,5 mm. M hinh thi nghiém mo dun dan hoi dé xuit (c6
hiéu chinh so v6i TCVN 9843:2013) cho két qua phii hop véi cac md hinh uée lugng mo dun dan hdi ctia cip
phdi dd dim gia ¢ xi ming dbi chiing. Két qua thi nghiém cho thiy c6 su suy gidm cudng do chiu nén, ép ché
va md dun dan hdi cia cip phdi dd dim-cao su gia ¢ xi ming. Do d6, d&€ ddm bao yéu cau cudng do va kha
ning dam nén, kién nghi khong nén thay thé hon 25% c6t liéu cao su dbi v6i cip phdi da dim gia cb xi ming
néi trén. Tuy nhién, kha ning han ché co ngét ctia cip phdi da dim-cao su gia cb xi ming dugc cai thién, gép
phan ting do bén va kha ning khang niit do co ngét ctia cip phdi da dim gia cb xi ming.

Tir khod: vat lidu xi ming cao su; cip phdi da dim; cAp phdi dd dim-cao su gia c¢b xi ming; md dun dan hoi; co
ngo6t; niit do co ngot.

EFFECT OF RUBBER AGGREGATES ON ENGINEERING PROPERTIES OF RUBBERIZED CEMENT-
TREATED BASE MATERIALS

Abstract

Rubberized cement-based composites exhibited potential pavement materials for pavement constructions. This
paper presents experiments to determine engineering properties of cement-treated base aggregates (type
Dmax25, 4% in cement content), in which rubber aggregates were used to replace 0%, 10%, 25% and 50% of
granular composition from 0.425 mm to 9.5 mm. The modulus of elasticity test with few adjustments compared
to TCVN 9843: 2013 gives a consistent results with the ones from the models for elastic modulus estimation
of the control cement-treated aggregates. The experimental results showed a decrease in compressive and split-
ting tensile strengths, and modulus of elasticity when rubber aggregates were used. Therefore, as for required
strengths and compaction capacity, it is recommended that rubber aggregates content should be not exceeded
25% in the cement-treated base materials. However, low dry shrinkage of rubberized cement-treated base aggre-
gates was observed, contributing to improved durability and shrinkage cracking resistance of cement-stabilized
bases.

Keywords: rubberized cement-based materials; graded aggregates; rubberized cement-treated base aggregates;
modulus of elasticity; dry shrinkage; shrinkage cracking.
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1. Dat van dé

L6p méng cp phbi da dim (CPPD) gia ¢b xi ming phu hgp v6i dudng c6 luu lugng tai trong xe
16n va két cAu 4o dudng 1am viéc trong diéu kién ché do thiy nhiét bat Igi. Tuy nhién, do kha ning
khéng nit han ché cta vat lieu CPPD gia c6 xi ming, 16p méng nay thudng xuit hién niit do co ngét
sau khi thi cong. Sau d6, cac vét nit nay c6 thé phat trién va lan dan 1én cic 16p mit & phia trén, gy
ra hién tuong nit phan anh & mit dudng [1]. VAn dé nay di xay ra & méng dudng cao toc Pa Ning —
Quéng Ngii hoiic mot s6 dudng cai tao trong khu vuc noi thanh Pa Ning.

Viéc thay thé mot phan cbt lidu trong vat lidu xi ming bang cbt liéu cao su nghién tir 16p xe phé
thai dugc cho 12 ting kha ning khang niit cho vat liéu xi ming [1, 2]. Cbt liéu cao su nghién tit 16p xe
cili da dugc nghién ciiu st dung 1am 16p méng dudng d4 dim gia cb xi ming [3-6] hoic dét gia cb xi
ming [7]. Dbi véi da dim gia cd xi ming, viéc st dung cbt liéu cao su phé thai c6 tinh dan hdi cao
dugc nhin dinh 12 sé ting cudng kha ning chéng nit do co ngét [6, 8, 9] va han ché hién tuong nut
phén anh tir 16p méng gia ¢d xi ming 1én tAng miit ctia két ciu 40 dudng. Tuy nhién, hién c6 rit it cic
nghién citu khao sit anh hudng cia cot liéu cao su dén cac tinh chit co Iy cia CPPD gia cb xi ming
[4]. Farhan va cs. [4, 5] chi ra ring, viéc sit dung cdt liéu cao su trong CPPD gia cb xi ming sé& hiéu
qua hon so véi viéc st dung cdt liéu nay trong vat liéu bé tong nhua do chiéu day cia céc 16p vat lidu
c6 nhua thudng nhé va chi chi xiy dung 16p mit dudng nhua thudng cao hon nhiéu so véi 16p méng
gia cb xi ming. Hon nita, st dung cdt lidu cao su trong bé tong nhua c6 thé din dén 6 nhiém moi
trudng do cao su néng chdy khi dun néng hén hgp & nhiét do cao khi san xuét bé tong nhua. Cic tinh
chét co ly cia CPPD gia cb xi ming d6i sanh (khong st dung cdt liéu cao su) va cac hon hop vat lidu
tuong tu khac trong d6 thanh phan hat 6 mm dugc thay thé bang cbt liéu cao su vé6i cling kich thudc
v6i cac ham lugng khac nhau theo thé tich 15%, 30% va 45% da dugc Farhan va cs. [4, 5] khéo sét.
Céc hdn hop gia cb dudc thi nghiém c6 ham ludng xi ming va nudc dude cb dinh 1an ludt 1a 5% va
4,6%. Két qua thi nghiém cho thiy su suy gidm vé cudng do chiu udn va cudng do chiu kéo truc tiép
ctia CPPD gia cb xi ming c6 st dung cao su [4, 5]. Tuy nhién, kha ning chiu bién dang ctia vat liéu
d4 dim-cao su gia cb xi ming cao hon nhiéu so v6i cip phoi d6i sanh. Do dnh hudng ctia hAm lugng
cao su dén kha ning dam nén, Farhan va cs. [4] kién nghi khong nén st dung nhiéu cbt liéu cao su dé
d4am bdo cudng do ctia CPPD-cao su gia ¢ xi ming.

Nghién ctiu nay tip trung khdo sat thuc nghiém céc tinh chét co 1y cd ban cta vat liéu CPPD-cao
su gia cd xi ming, d4nh gia ki€ém tra su phit hop clia vat liéu nay 1am 16p méng trong két ciu mit
dudng. Dic biét budc dau khao sat tinh co ngét kho clia loai vat lidu niy va so sanh véi cip phdi khong
stt dung cao su. Pay 1 tién dé cho cdc nghién cifu xa hon nhu d6 bén, kha ning khang niit ctia vat lidu
CPDD-cao su gia cb xi ming trong tuong lai. D& tai cling gép phan thiic ddy st dung cbt liéu cao su
trong xay dung dudng, gép phan giam thiéu tic dong mdi trudng do 16p xe cao su phé thai giy ra.

2. Vat liéu va phuong phap thi nghiém
2.1. Vit liéu

CPDD loai 1 Dmax = 25 mm l4y tai tai mé Phd My Hoa, Pa Ning, c6 thanh phan hat thé hién &
Hinh 1, c¢6 khéi luong riéng yz = 2,7 g/em® va cic tinh chit khdc dam béo cdc yéu ciu ky thuat cia
cbt liéu st dung cho CPPD gia cb xi ming theo TCVN 8858:2011 [10]. Xi ming PCB40 Song Gianh
stt dung c6 cudng do chiu nén & 28 ngay > 44 MPa, thoi gian bat dau ninh két > 100 phit, thdi gian
két thiic ninh két < 360 phiit, khdi lugng riéng 3,02 g/cm?, lugng nudc tiéu chudn 31% phi hop véi
céc quy dinh tai TCVN 6260:2009 [11]. Cbt liéu cao cao su dugc nghién tif 16p xe phé thii, do cong
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ty Long Long Ruber Recycling cung cip, c6 kich 100 rrrT- — —
¢d hat 3-6 mm (Hinh 1), c6 khdi lugng riéng y, = ol oo
1,2 g/em® va do hit nu6c khong dang k& [12-14]. < e Cim duti /‘ /
% 60 [— ——Cétligu cao su V/
2.2. Thiét ké CPPD-cao su gia co xi mdng i 20
— /—‘ w7/
Ham lugng xi ming trong CPPD gia ¢b xi 20 ,D/ '%
ming khoang tit 4-6% (theo khdi lugng cbt lidu il /./ /
kho). Trong nghién ctiu nay, st dung 4% xi méang OO o1 o1 ’/l o 100
d€ gia c6 CPPD. Cac CPPD gia cb xi ming trong C& sang (mm)

d6 cbt liéu tr ¢d sang tir 0,425 mm dén 9,5 mm

PN o S Hinh 1. Thanh phan hat ctia CPPD va c6t liéu
dudc thay the bang cot li€u cao su theo phan tram P

> cao su
thé tich (0%, 10%, 25% va 50%). Trinh ty tinh
khdi lugng thanh phan CPPD gia cb xi ming nhu sau:
- Tinh khdi lugng cdt liéu cao su (m,):

e Be Xl (1)
Vd Yes My

Meg = pcs&md (2)
Yd

trong d6 p., 12 phan trim cao su thay thé theo thé tich (0%, 10%, 25% va 50%); Ves, Mes, Yes 140 1ot
1a thé tich, khéi lugng va dung trong ctia cao su; vy, my, y4 1an lugt 1a thé tich, khdi lugng va dung
trong d4 nam trong pham vi sang 0,425-9,5 mm trong CPPD ban dau (chua c6 cbt lidu cao su).

- Tinh khéi lugng d4 (m) & pham vi sang 0,425-9,5 mm trong CPPD-cao su gia cb xi ming:

m = (1 - pc)my (3)
T d6, thiét ké dudc 4 loai CPPD gia cb xi ming dé khio sat nhu Bang 1.

Béng 1. Thanh phén ciia cic loai cp phdi khéo sat (kg/m?)

Tén CP Pes (%) Xi mang (%) Mg m (0,425-9,5 mm) m (cG sang khac)

0CS 0 4 0 828,6 1012,7
10CS 10 4 36,8 745,7 1012,7
25CS 25 4 92,1 621,4 1012,7
50CS 50 4 184,1 414,3 1012,7

Ghi chu: 0, 10, 25, 50: Phan trim (%) c6t liéu trong pham vi ¢& sang tir 0,425 dén 9,5 mm dugc thay thé bang
cbt lidu cao su (CS).

2.3. Cdc phuong phdp thi nghiém
a. Thi nghiém dAm nén tiéu chuin

Thuc hién theo tiéu chuan 22TCN 333:2006: Quy trinh dAm nén dét, d4 didm trong phong thi
nghiém, st dung phuong phap dam nén cii tién — Phuong phap II-D [15]. Sau khi dAm nén tiéu
chuén, tién hanh hiéu chinh d€ tim dugc dung trong kho 16n nhit va do 4m tot nhét trong phong thi
nghiém.
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b. Ché bi miu cho cic thi nghiém

Céc chi tiéu co Iy nhu cudng do6 chiu nén, cudng do ép ché, mo dun dan hdi va tinh chét co ngét
clia mau sé dugc khdo sat. Mau st dung 1a mau tru ¢6 cic kich thuée 15 cm x 17,25 ¢cm cho thi
nghiém nén va mo6 dun dan hoi (ti 1 chiéu cao/dudng kinh miu: 1,15), mau 15 cm x 10 cm cho thi
nghiém ép ché va mau 15 cm x 30 cm cho thi nghiém co ngét kho. Do d6 sé dung khudn hinh tru cé
kich thuéc 15 cm x 30 cm d€ ché bi. MAu thi nghiém nén, ép ché va md dun dan hoi sé dudc cat ra tit
c4c mau tru.

Chudn bi va diic miu dé€ thi nghiém: Sau khi tinh todn va can khdi luong cac loai cdt lidu theo
thiét ké & trén, tién hanh cho vat liéu vao may tron 50 lit d€ tron cho dén khi hén hop dong déu. Chuin
bi khuén hinh tru kich thudc 15 cm x 30 cm va boi dau khuon. Tir dung trong t6t nhét, tinh dudc khbi
lugng can thiét cho mbi 16p ddm & cac mau (0%, 10%, 25% va 50%). Sau d6 cho khéi luong vat lidu
cho tiing 16p vao khuoén va tién hanh ddm nén st dung chay dam A6 (mdi 16p dim 56 chay). Xong
mbi 16p dam, luu ¥ x6i nhe bé mit d€ ddm bio do dinh két & cac 16p va tiép tuc cho khdi luong miu
dé dam cac 16p tiép theo cho dén khi hoan thanh ché bi mau (15 cm x 30 cm).

Bao dudng miu: Miu dugc bdo dudng 4m 7 ngay va tiép theo ngdm nudc 7 ngay. Riéng méu co
ngét chi bao dudng 4m 24h, sau d6 thao khudn va tién hanh do co ngét.

Cit va hoan thién miu: Miu dudng ho di 14 ngay tudi sé dugc cit dé cé kich thuée phu hop
(15 cm x 17,25 cm) cho thi nghiém cudng do chiu nén va md dun dan hdi. Phan con lai cit mau
(15 cm X 10 cm) d€ thi nghiém cuong do ép ché. DPbi véi mau c6 cao su thi cin cit véi tbe do cham
do cbt ligu cao su c6 tinh dan hoi va tao ma sét 16n dan dén kho cat. Ddi véi mau thi nghiém cudng
do nén va mo dun dan hoi can dudc capping bé mit dudc cat d€ dam bao luc nén phan bd dong déu
trén toan bd mit cat ngang ctia mau khi thi nghiém cudng do chiu nén va moé dun dan hoi.
c¢. Thi nghiém cudng d6 chiu nén va cudng do ép ché

Thi nghiém xdc dinh cudng do nén (f,) trén cac mau tru c6 kich thudc tru 15 cm x 17,25 cm
va thuc hién theo ASTM D1633-17 [2] (Hinh 2(a)) va cudng do ép ché (f;) thuc hién theo ASTM
C496/C496M-17 [16] (Hinh 2(b)). M4y nén st dung c6 kha ning nén 16n nhét 50 tin. Téc do gia tai
khi nén va ép ché mau 1an luot 12 1 mm/phiit va 0,7 MPa/phit. Miu dudc nén cho dén khi pha hoai
hoan toan. Mdi cip phéi tién hanh thi nghiém trén 3 mau va liy gi4 tri cudng do trung binh.

(a) Nén (b) Ep ché (c) Mb dun dan hdi

Hinh 2. Thi nghiém cudng do chiu nén, cudng do ép ché va md dun dan hoi
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d. Thi nghiém m6 dun dan hoi

Thi nghiém mo dun dan hdi thuc hién c6 su diéu chinh nhé so véi cac huéng din trong TCVN
9843:2013 [17] ciing nhu phuong phép thuc hién ctia Hing va cs. trén vt lidu xi thép-cat min gia cb
xi méing 1am 16p méng dudng 6 t6 [18]. Thi nghiém dugc thuc hién trén 2 miu c6 kich thude tuong tu
nhu mau thi nghiém cudng do chiu nén. Pau tién, dit mau vao dung cu do md dun dan hoi, cin chinh
mau va lap dit ddng hd vao vi tri trén bd ga dude dan dbi xing & mit bén ctia mau. Céach thuc hién
nay khac v6i TCVN 9843:2013 [17] khi tiéu chudn nay hudng din dit 2 dong hd do chuyén vi trén
tAm dém truyén tai. Pua mau 1én may va diéu chinh mdy sao cho mau dudc tiép xiic déu véi tim dém
truyén tai trong (Hinh 2(c)), khong c6 lién két nao giita miu thi nghiém va tAm truyén tai trong. Sau
do, gia tai cho miu dén 30% f. khoang 5-6 1an &€ miu 6n dinh céc chuyén vi va khit dudc cic bién
dang du. Tién hanh gia tai cho miu dén khoang 10% f,, diing lai doi gia tri trén 2 dong hd 6n dinh va
doc s6 lieu LY, L1, Tiép tuc gia tai miu dén khoéng 30%f., dgi on dinh va doc sb lidu trén 2 dong
hd dugc Lé, Lé’ . Tri s6 bién dang phuc hdi ctia miu & ddng hd 1 1a: L = Lé - L{ va & dong ho 2 la:
L" = L4 — L. Tri s6 bién dang phuc hdi trung binh ctia mu vat liéu 1a L = (L + L')/2.

So v6i TCVN 9843:2013 [17], phuong phép thi nghiém nay do bién dang truc ngay trén than ctia
mau do d6 tranh dudc céc sai sd trong qud trinh thi nghiém. St dung may nén c6 kha ning nén 50 tin
dé ép mau va gia tai cho mau dudgc thiét dit mot cach tu dong 1mm/phiit. Ngoai ra, chuyén vi & dong
hd do dudc doc tai thdi diém khi 4p luc nén ting dan tai 10%f, va tai 30% f.. Do d6 han ché dudc sai
s6 so Vi trudng hop gia tai va doc s6 liéu & 30% £, roi dd tai hoan toan va tiép tuc doc sb liéu nhu &
TCVN 9843:2013 [17].

Mb dun dan hoi Ez, (MPa) dudc xéc dinh theo cong thic (4) (CT. 4).

pH _4AAPH

E, =" =
=T T DL

“

trong d6 p la dp luc nén 1én mit mau (MPa); AP 1a tai trong nén mau t 10% f.. dén 30%f£. (N); H 1a
chiéu cao mau tinh tir ddy miu dén vi tri dit ddong hd do chuyén vi (mm); D 13 duong kinh mau (mm)
va L 12 bién dang phuc hdi (dan hdi) ctia mau (mm).

e. Thi nghiém co ng6t kho

¥

q
7;
|
|

(b)
Hinh 3. Thi nghiém xac dinh co ngét kho

Thi nghiém co ngét khd méi chi dude thuc hién trén cAp phoi gia cb khong cé cdt lidu cao su
(0CS) va loai ¢6 st dung 25% cbt liéu cao su (25CS). Mau thi nghiém co ngét kho (15 cm x 30 cm)
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dugc ché bi phuong phap nén miu. Trén co s& c6 dung trong kho 16n nhét, thé tich ctia khudn, tinh
toan khdi lugng cip phdi phit hop dé dic mau. Mau dudc nén 2 16p, sau khi nén xong 16p thi nhit
(day 15 cm), x6i bé miit va cho vat liéu vao tiép tuc nén dén khi dan chiéu cao ctia mau. Sau d6, thuc
hién bao dudng &m mau trong vong 24h. Tiép theo, tién hanh thdo khudn, cho miu vao dung cu thi
nghiém do co ngét; phii bé mit trén clia mau bang 1 16p silicon d€ chi cho nudc bay hoi theo bé miit
bén ctia mau. Dit mau vao trong budng khi hau (Hinh 3) va thiét bi dudc thiét dit & nhiét do 25 °C va
do &m > 95%. Su thay ddi chiéu dai mau dugc ghi lai cho dén 21 ngay tudi.

3. Két qua thi nghiém va ban luén
3.1. Tuong quan dung trong-do dm

Hinh 4 thé hién 4nh hudng ctia ham lugng cbt lidu cao su dén dung trong kho 16n nhét va do 4m
t6t nhit ctia CPPD-cao su gia cd xi ming. Viéc thay thé mot phan CPPD trong pham vi ¢d sang
0,425-9,5 mm bang cbt liéu cao su theo phan tram thé tich anh hudng 16n dén thanh phan cia cip
phbi. C6 thé thdy rang, khi ham luong cao su cang ting thi dung trong cang gidm, tuong quan giita
dd ting ham lugng cdt liéu cao su va d giam dung trong gin nhu tuyén tinh (Hinh 4(a)). Piéu nay c6
thé giai thich do khéi lugng riéng ctia cbt lidu cao su nhd hon so véi da dim. Ngoai ra, tinh dan hoi
clia cao su ciing phan nao dén kha niing dAm nén ctia cAp phdi, dic biét khi ham lugng cbt lidu cao su
thay thé ting tif 25% dén 50%. Bén canh d6, kha ning dinh bam ctia hd xi ming véi cao su khong tbt,
1am cho cép phdi c6 xu huéng rdng hon khi ting ham ludng cbt liéu cao su.

T 24 7.5
) , y =-0,1205x +2,4041 _
3 3 R2=0,9319 SRR
[S] =
2,2 - =
g > :
£ 2.1 8 6,5 1
% £
S 2,0 A o
k= ] R 6,0 - y =0,2992x + 5,8239
g’ 1,9 - | R2=0,8904
A ]
1,8 — 5,5 —_—
0 10 25 50 0 10 25 50
Ham lugng cao su (%) Ham lugng cao su (%)

(a) (b)

Hinh 4. Anh hudng ctia ham lugng cbt liéu cao su dén dung trong kho 16n nhit (a)
va do 4m tot nhat (b) cia CPPD-cao su gia c¢b xi ming

Trong khi dung trong kho 16n nhét gidm thi d6 4m tot nhit cia CPPD-cao su gia cb xi ming ting
1én khi ham lugng cét lidu cao su ting (Hinh 4(b)). Do 4m tdt nhét ting tir 6% dbi véi cAp phdi ddi
chiing (khdng c6 cao su) dén 6,62% (10CS), 6,67% (25CS) va 7% (50CS). Cbt liéu cao su 1a vat lidu
it thAm nudc [1], c6 hiéu ding hiit khi 1én bé mit c6t liéu cao su khi tiép xiic véi nuée [12]. Do vay, khi
c6 cbt liéu cao su trong cp phdi thi can lugng nudc nhiéu hon dé€ ddm bao xung quanh bé mit cao su
dd 4m, 1am gidm ma sit cta cdt liéu cao su véi cic thanh phan khéc, gitip hdn hop dé dudc 1en chit.
M:iit khac, cbt lidu cao su c6 tinh dan hdi (d6 ciing thap) [19], dAn dén CPPD-cao su gia c¢b khé dudc
dam nén chiit, dic biét khi ham lugng c6t lidu cao su ting. Hon nifa, luc dinh gitta c6t lidu cao su va
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hd xi ming kém [13]. Do d6, CPPD gia c¢b xi miing st dung cbt liéu cao su véi ham luong 16n sé c6
nhiéu 16 réng trong cip phdi va nudc sé nam trong cac khe hd nay, din dén d6 4m t6t nhét ting.

3.2. Cuong dé chiu nén va cuong do ép ché

Hinh 5(a) thé hién su suy gidm cudng do chiu nén khi st dung cbt liéu cao su thay thé mot phan
d4 dim trong CPPD gia c6 xi ming. Cudng do chiu nén 16n nhit gidm tir 6,51 MPa ddi vé6i cip phbi
ddi chiing (OCS) dén 4,45 MPa (10CS), 2,73 MPa (25CS) va 1,58 MPa (50CS). Su suy gidm cudng
dd chiu nén c6 thé gii thich nhu sau: (i) do cting ctia cbt liéu cao su thip hon nhiéu so v6i CPDPD; (ii)
luc dinh kém giita cdt lidu cao su v6i ving hd xi ming gia c6 khac xung quanh; (iii) 4nh huéng cong
tac dam nén dic biét khi ham luong cbt liéu cao su cao, cap phdi bi dan hdi ddn dén hdn hop khé dat
dugc do chit nhu cAp phdi gia ¢ khong c6 cbt lidu cao su.
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Hinh 5. Anh hudng ctia ham lugng c6t lidu cao su dén cudng do chiu nén (a)
va cudng dd ép ché (b) cia CPPD-cao su gia ¢b xi ming

Tuong tu cudng do chiu nén, cuong do ép ché (Hinh 5(b)) cling gidm nhanh khi ting ham lugng
cbt lidu cao su, gidm tir 0,74 MPa (0CS) dén 0,16 MPa (50CS). Cic nguyén nhan suy gidm cudng
dd chiu kéo c6 thé dudc giai thich tuong tu nhu cudng do chiu nén, trong d6 c6 thé luc dinh kém
gitta cbt liéu cao su va ving hon hop gia ¢b 1a yéu td anh hudng nhiéu nhat dén cudng do ép ché clia
CPDD-cao su gia c¢b xi ming.

Khi thiét k& két cAu 4o dudng theo 22TCN 211:2006 [20], dbi chiéu v6i TCVN 8859:2011 [10],
cudng do nén & 14 ngay tudi cia OCS va 10CS 16n hon 4 MPa théa min cudng dd yéu cau cho 16p
mong trén clia tAng mit bé tong nhua va bé tong xi ming clia dudng cao tdc, dudng cap I, I vi méng
trén trong cic trudng hop khac (chi yéu ciu cudng do chiu nén > 3 MPa). Céc cip phdi nhiéu cbt liéu
cao su hon (25CS va 50CS) ¢6 cuong d6 16n hon 1,5 MPa phu hgp v6i mong dudi trong moi trudng
hop. Pbi véi cudng dd ép ché & 14 ngay tudi, cp phdi 10CS cé cudng do 16n hon 0,35 MPa, dat
yéu cau cho 16p méng trén clia mit dudng cip cao Al, A2. Tuy nhién, tiéu chudn 22TCN 274:2001
[21] khong dé cap dén cudng dod ép ché yéu cau ctia CPPD gia cb xi ming, chi yéu cau vé cudng do
chiu nén (gia tri cudng do chiu nén gan gidng nhu 22TCN211:2006 [20]). Do vay, néu chi yéu cau vé
cudng do chiu nén thi cap phdi 0CS, 10CS théa man yéu cau lam 16p moéng trén cho moi loai tang
miit cho tit ¢4 cic cAp dudng va cip phdi 25CS va 50CS théa min yéu cau lam 16p méng dudi.
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3.3. M6 dun dan hoi

Két qua ctia thi nghiém mo dun dan hdi thé 10000
hién & Hinh 6 cho thiy ham luong cbt liéu cao -
su trong CPPD gia ¢ xi ming cang ting thi md 5l 8000 1
dun dan hdi cang giam. Pic biét, khi st dung 25% >
va 50% cbt lidu cao su thi mo dun giam dén 993 5 6000 A
MPa va 381 MPa, giam khoang 88,5% va 95,6% ;5
so v4i cAp phdi dbi chiing (khong st dung cbt lidu E 4000 1
cao su). C6t liéu cao su 1a vat lidu dan hdi, do vay g
khi stt dung trong CPPD gia ¢ xi ming s& lam 2000 1
mém héa cp phdi gia cb va CPPD-cao su gia cb ] |“_|
. v ~ p3 A N X A NP A 0 |
xi mang s€ tr6 nén dan hoéi hon. Pay la tinh chat
A PN P . 4 0 10 25 50
phan nao thé hién dudc kha nang chiu dugc bién X
e 2 L, 2 Ham luong cao su (%)
dang cao va kha nang chong ntit cua CPDD gia co
xi ming c6 st dung cbt liéu cao su. Hinh 6. Anh hudng ctia ham lugng cao su dén mo
Dé danh gia su phi hop, can so sanh két qui dun dan hoi CPPD-cao su gia c6 xi mang

thi nghiém v6i mot s6 mo hinh uéc tinh mo dun da
hdi da 6. Hién c6 4 md hinh uéc lugng mo dun dan hoi phit hop cho vat liéu CPPD gia ¢b xi ming:
M0 hinh Lim [22] (cOng thic (5)), mo6 hinh Balo [23] (cdng thic (6)), md hinh Molenaar [24] (cong
thic (7)) va m6 hinh tit phuong phap thiét ké mit dudng theo hudng co hoc thuc nghiém (MEPDG)
(cong thiic (8)). Chi tiét cic mo hinh nhu sau:

- M6 hinh Lim [22]:

E = 438y f075 (5)
- M6 hinh Balo [18]:
E = -5133 + 25491, — 61 f> (6)
- M6 hinh Molenaar [19]:
E = 1284f. (7)

- M6 hinh tit phuong phap MEPDG [25]:
E = 5700053 (8)

trong d6 E va f,. 1an lugt 1a md dun dan hodi va cudng do chiu nén (don vi MPa trong mo hinh Balo va
mo hinh Molenaar; don vi psi trong md hinh Lim va mo hinh ti phuong phap MEPDG) va vy la dung
trong kho (pcf).

Tur két qua tinh toan & Bang 2 cho thiy, dbi véi cAp phdi dbi chiing (khdng st dung cao su —
0CS), thi nghiém cho két qua kh4 tiém can véi két qua tir 3 mo hinh Balo, mo hinh Lim va md hinh
Molenaar. Két qué tit md hinh ctia MEPDG kha thip so véi két qua thi nghiém va cidc mo hinh con
lai. V6i cap phoi 10CS, két qua thi nghiém hoi thip hon so véi két qua tinh todn tif mo6 hinh Balo, mo
hinh Lim va m6 hinh Molenaaar. Tuy nhién, diéu d4ng luu y 12 khi ham lugng cao su ting 1én, thi
nghiém cho két qua mo dun dan hdi rit thip so v6i cic md hinh du bdo, dic biét 1a mo6 hinh Lim va
mo hinh Molenaar. C6t liéu cao su la vt lidu ¢ do ciing thip va c6 tinh dan hodi, dan dén CPPD-cao
su gia c6 xi ming sé c6 kha niing chiu bién dang cao hon so vé6i cAp phdi gia cb thong thudng. Céc
mo hinh du bdo da c¢6 (chi yéu 4p dung cho vit liéu c6 do ciing 16n) khong phit hop véi CPPD gia
cb st dung nhiéu cbt liéu cao su. Do vay, phuong phap thi nghiém mo dun dan hoi dé xuit (c6 hiéu
chinh so v6i TCVN 9843:2013 [17]) kha phu hgp.
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Bang 2. D6i sanh két qua thi nghiém mé dun dan hdi v6i mot sé6 md hinh uéc luong

Cép £ y M6 dun dan hoi E (MPa) tif cac md hinh

Phéi (MPa) (g/cm3) Theo thi nghiém Balo [23] Lim [22] Molenaar [24] MEPDG [25]
0CS 6,51 2,257 8610 8867 8597 8118 1002
10CS 4,45 2,177 4272 5002 6126 5554 829
25CS 2,73 2,096 993 1379 4015 3411 650
50CS 1,58 1,882 381 - 2268 1976 495

Ghi chii: £, (50CS) < 2,12 MPa nén khong thé 4p dung mo hinh Balo.

Tuy nhién, két qué thi nghiém mo dun dan hdi cling nhu gi4 tri tif cic md hinh du bdo 16n rét
nhiéu so véi tri s6 md dun dan hoi trong tiéu chuin thiét k& két cAu nén 4o dudng mém theo tiéu
chuén hién hanh 22TCN211:2006 [20]. Theo huéng din cho 16p méng gia cb xi ming ctia Hiép hoi
xi ming Portland (PCA-Portland Cement Association) [26], gid tri m6 dun dan hdi cla vat liéu gia
¢ xi ming ciing rt cao (4100-6900 MPa). Trong khi d6, m6 dun dan hoi ctia CPPD gia cb xi ming
theo 22TCN211:2006 [20] ndm & pham vi 600-800 MPa. Gia tri tham khao nay ciing kh4 tuong dong
theo két qua tit md hinh ctia MEPDG. Trong thuc té khai thac, CPDD gia ¢6 xi ming thudng phat sinh
cdc duong nit nén lam gidm kha niing phan b tii trong. Vi vay khi thiét ké két ciu 4o dudng thudng
chon gi4 tri mod dun dan hoi thip ctia CPPD gia cb xi ming. Mic di vay, ciing can c6 cc nghién cifu
sau hon dé€ xem xét anh hudng clia nit dén su suy giam mo dun dan hdi trong thuc té khai thac dé c6
su lua chon gia tri thiét ké cho phu hop.

3.4. Co ngot kho

Hinh 7 th€ hién sy khac nhau 6 miic do co ngét 430 1
400

kho ctia CPPD gia ¢b xi ming déi ching (loai iy

khong c6 cbt liéu cao su) va cap phdi 25CS si
dung 25% cbt liéu cao su trong thdi gian 21 ngay
bao dudng. O giai doan 18 ngay diu tién thi mic
dd co ngot ctia chp phdi 25CS it hon so cap phbi
0CS. Thoi gian con lai ctia thi nghiém, cip phbi
25CS c6 do co ngét 16n hon. Theo nhu két qua thi
nghiém dAm nén tiéu chudn, lugng nudc trong cip ¥ 000
phdi st dung cbt liéu cao su cao hon so véi cap 0 2 4 6 8 10 12 14 16 18 20 22
phdi dbi chiing (0CS). Do dé, thsi gian nuéc bay Thoi gian (ngay)

h?i clia 2,5CS ASé lﬁ u hon so véi OC S, laﬂm gjém mc Hinh 7. So sanh mic d6 co ngét kho cia CPDD
do co ngqt kho cua 25CS. Nigoal ra, cot liéu cao fu gia cb xi ming khong sit dung cbt liu cao su
khong tham nudc nén c6 thé ngin can sy thoat am (0CS) va loai st dung 25% cao su (25CS)

ra bén ngoai, gitip gidm ding ké dén su co ngét do

mét nu6c ctia cip phdi gia cb c6 st dung cao su. Tuy nhién, cip phdi gia cb st dung cao su c6 do rong
16n hon do luc dinh kém gitta c6t liéu cao su va phan vita gia cb, do kha ning dam nén khé va kém
chit. Do vay, sau thoi gian bdo dudng 18 ngay, lic d6 nudc trong céc 16 rdng nhd hodc 16 rong trong
cdc tinh thé gia cb xi ming s& bay hoi din dén su dén co ngét clia cAp phdi cao su ting manh. Ngoai
ra, do co ngét ctia cAp phdi gia cd dbi chiing c6 xu hudng gidm dan sau 14 ngay. Do vay, kién nghi
khi thi cong 16p mit thi phai bao dudng 16p mit dudng CPPD gia cb xi ming it nhat 14 ngay dau dé

Co ngot kho (107
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han ché co ngét kho, din dén nit do co ngét trong CPPD gia cb xi ming. Su gidm co ngét kho ciia
CPPD-cao su gia ¢ xi ming gidp han ché kha nit do co ngét. Do vy, cin c6 cic nghién cifu sau hon
dé ching minh tinh khang niit cia CPPD gia c¢b xi ming c6 st dung cbt lidu cao su.

4. Két luan

Bai bdo trinh bay két qua thi nghiém budc dau khio sat mot sb tinh chit co 1y co ban ctia CPPD
loai 1, Dmax = 25 gia cb xi ming (4%), trong d6 c6 mot phan cdt lidu trong pham vi ¢d sang tir
0,425 mm dén 9,5 mm dugc thay thé biang c6t liéu cao su kich thudc 3-6 mm theo phan trim thé tich.
Trén co s thi nghiém dAm nén tiéu chuin, cudng dd chiu nén, cudng do ép ché, mo dun dan hoi, thi
nghiém co ngét, mot s6 két luan chinh c6 thé dudc téng hop nhu sau:

- C6t liéu cao su 1am giam dung trong kho 16n nhit dong thdi ting d6 4m tot nhit cia CPPD gia
cb xi ming. C4c tinh chit nay c6 quan hé tuyén tinh v6i ham lugng cbt liéu cao su trong CPPD gia cb
xi mang.

- Cudng do chiu nén va ép ché ctia CPPD gia cb xi ming gidm khi sit dung cbt liéu cao su. Tuy
nhién, cip phoi gia cb véi 10% cbt liéu cao su théa min yéu cau cudng do dé 1am 16p mong trén clia
tht ca cac loai mit dudng.

- Phuong phép thi nghiém mo6 dun dan hoéi dé xuit (c6 diéu chinh so vdi tiéu chudn TCVN
9843:2013 [17]) cho két qua phu hop véi cdc mo hinh du dodn md dun dan hdi ctia CPPD gia cb
xi ming d6i chiing (trif md hinh tif phuong phap thiét ké két cAu mit dudng theo hudng co hoc thuc
nghiém MEPDG). Dbi v6i CPPD gia cb xi ming thong thudng, gia tri md dun dan hoi cao hon rit
nhiéu so véi céc gid tri tham khdo khi thiét ké két cAu mit dudng trong tiéu chudn 22TCN211-06 [20]
va gi4 tri tit MEPDG. Do d6, kién nghi can thi nghiém xac dinh mé dun dan hoéi CPPD gia cb xi ming
trong diéu kién thuc té (dnh hudng ctia niit do co ngét, nhiét do, tai trong lip, 4m, ...) dé c6 sb lidu
mo dun dan hoi hop 1y va tin cdy khi thiét ké két cAu nén 4o dudng.

- Mitic do co ngét kho ctia CPPD-cao su gia ¢d xi ming nhd hon cip phdi dbi chiing trong thoi
gian dau bdo dudng (14 ngay). Piéu nay cho thiy kha ning han ché co ngét cia CPDD gia cb xi ming
c6 st dung cbt ligu cao su, gép phan han ché nit do co ngét & méng dudng CPPD gia cb xi ming.
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