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Abstract. Asphalt pavement has the disadvantages of low thermal stability and high
deformation due to the effect of loads, cement concrete pavement has the disadvantages of
low smoothness, long traffic time, complex maintenance and repair. Semi-flexible pavement
solution can balance the performance of asphalt pavement and cement concrete pavement,
overcoming the disadvantages of these two types of pavement. The working principle of
semi-flexible pavement is to combine the performance of cement concrete and asphalt
concrete by filling the voids of the porous asphalt by modified cementitious mortar. This
paper presents experimental results of evaluation of compressive strength and tensile strength
of semi-flexible concrete using modified cement studied and producted to fill the air voids of
porous asphalt concrete. Experimental results show that, modified cement products used for
semi-flexible pavement have a water content of 38-43%. When the porous asphalt has equal
air voids, the type of aggregate (basalt and limestone) does not affect the compressive strength
and the flexural strength of the semi- flexible concrete. If the criteria of compressive strength
of semi- flexible concrete at 1 day is 5.0 MPa, compressive strength of test samples is 64%
higher, and if the criteria of flexural tensile strength at 7 days is 2.5 MPa, the flexural tensile
strength of the test samples is 67% higher.

Keywords: semi-flexible pavement, modified cement, semi-flexible concrete, tensile strength

© 2023 University of Transport and Communications

597


https://doi.org/10.47869/tcsj.74.5.4

Tap chi Khoa hoc Giao théng van tai, Tap 74, S6 5 (06/2023), 597-610

Tap chi Khoa hec Giao théng van tai

THU'C NGHIEM PANH GIA CUONG PQ CHIU NEN VA
CUONG PO CHIU KEO CUA BE TONG BAN MEM

Nguyén Ngoc Lan™, Pham Thi Thanh Thiy!, Lé Hoang Son?, Nguyén Long!
"Truong Pai hoc Giao thong vén tai, S6 3 Cau Gidy, Ha Noi, Viét Nam
ZUy Ban nhan dan Huyén Long Thanh, Tinh Déng Nai, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Céng trinh khoa hoc

Ngay nhan bai: 11/04/2023

Ngay nhan bai stra: 09/06/2023

Ngay chap nhan dang: 12/06/2023

Ngay xuat ban Online: 15/06/2023
https://doi.org/10.47869/tcs].74.5.4

* Tac gia lién hé:

Email: nguyenngoclan@utc.edu.vn; Tel: +84902119278

Tom tit. Mat duong bé tong nhua c6 nhuoc diém 1a tinh én dinh nhiét kém va bién dang lén
khi chiu tac dung cua tai trong, mit dudng bé tong xi mang co nhugc diém 14 tinh ém thuan
kém, thoi gian thong xe 1au, qué trinh bao tri, sta chira phuc tap. Giai phdp mat duong bé
t6ng ban mém c6 thé can bang dugc céac tinh ning cua mat duong bé tong nhua va mat duong
bé tong xi méng, khic phuc duoc cac nhuge diém cua hai loai mét duong nay. Nguyén Iy lam
viéc cua mat duong ban mém la két hop nhiing tinh ning cua bé tong xi mang va bé tong
nhya bang céach lap day cac 15 rdng cua bd khung bé tong nhya bang vira goc xi mang bién
tinh. Bai bao nay trinh bay két qua thuc nghiém danh gia cudng d6 chiu nén va cudng do chiu
kéo cua bé tong ban mém su dung xi mang bién tinh dugc nghién ciu ché tao dé lap day 15
rdng bé tdng nhya. Két qua thuc nghiém cho thay rang, san pham xi mang bién tinh sir dung
cho bé tong ban mém c6 ham luong nudc hop Iy tir 38-43 %. Khi bé tdng nhya rong c6 do
rdng du bang nhau, loai cot liéu (da bazan va da voi) khéng anh hudng dén cuong do chiu nén
va cudng d6 chiu kéo khi udn cua bé tdng ban mém. Néu lay giGi han cudng do chiu nén o 1
ngay tudi cua bé tdng ban mém 1a 5,0 MPa, thi cuong d6 chiu nén caa cac mau thi nghiém cao
hon trung binh 64 %, va néu Iy gigi han cuong d6 chiu kéo khi udn cua bé tdng ban mém & 7
ngay tudi 1a 2,5 MPa thi két qua thi nghiém caa cac mau thir cao hon trung binh 67 %.

Tir khéa: Mt duong ban mém, Xi mang bién tinh, B& tdng ban mém, cuong d6 chiu kéo
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1. PAT VAN PE

Theo quan diém thiét ké va muc dich st dung, mat duong duoc phan loai thanh mat duong
mém va mit duong cing. Do nhitng wu diém vé mat khai thac, bao tri, sira chita va kha ning
tai ché nén mat duong mém (bé tong nhua) duoc sir dung phd bién trong xay dung dudng 6 to
hién nay. Tuy nhién, trong qua trinh khai thdc mat duong bé tbng nhua luon ddi mat vai cac
dang hu hong nhu nét, 1Gn vét han banh xe, dic biét 1a véi mat duong thuong xuyén chiu tai
trong xe nang [1, 2]. Thay vao d6, mat duong ctng (bé tong xi ming) c¢é tinh on dinh nhiét va
kha ning chiu tai trong xe nang tét hon c6 thé duoc sir dung thay thé, nhung van dé thoi gian
khai thac sau khi thi cong xong va tinh ém thuan cling nhu kha nang bao tri va sua chira trong
quéa trinh van hanh 1a nhitng nhuoc diém cua loai két cau mat duong nay [3]. Dé khic phuc
nhirng han ché, nang cao hi¢u qua khai thac cua ca mat duong mém va mat dudng cimng, dan
dén yéu cau tim kiém cac giai phap mat duong dé c6 thé két hop dic tinh cudng do cao cua
vat liéu bé tong xi mang va tinh linh hoat caa vat lidu asphalt. Mot giai phap thay thé d6 chinh
la mat duong ban mém (semi-flexible pavement - SFP)[4, 5]. Mat dudong ban mém lan dau
tién duoc giGi thiéu ¢ Phap vao nam 1960 sau d6 da duoc st dung rong rai ¢ Chau Au trong
40 nam qua. Vao dau nhitng nim 1970, mat duong ban mém da dugc thir nghiém bai cong
binh luc quan Hoa Ky tai Trung tdm thi nghiém mit duong. Mat duong ban mém duoc goi
v6i nhiéu tén khac nhau & cac ving khac nhau, loai mat duong nay con dwoc goi la mat
duong nira cang, mat dudng composite, hon hop bé tdng nhua-xi mang Portland, mit duong
nhya cai tién hodc da dam rai vira (Grouted Macadam). Mic du ¢ nhirng tén goi khac nhau
nhung nguyén Iy 1am viéc van Ia két hop nhiing tinh nang cua mat duong bé tong xi mang va
mat duong bé tong nhua bang cach Iap day céc 15 rong cua khung bé tong nhya véi do rdng
25-35% bang vira xi mang cudng d cao [6, 7, 8, 9]. Do cac uu diém cua viéc thi céng khdng
c6 méi nédi, cu()’ng d¢ cao, khong thAm nudc, do bén cao va khang nhién liéu, nén mat duong
SFP c6 thé duoc &p dung dé xay dyng va cai tao cac khu vyuc c6 mat do giao thong cao, nhu
san cdng nghiép, bén xe buyt, khu vuc d6 xe, san ga va cac khu vuc khéc [9]. Do bé tong béan
mém 12 sy két hop ciia hai loai vat li¢u la bé tong nhua rong va ho composite gbc xi ming nén
tinh ndng cua bé tong nay phu thuoc nhiéu vao tinh chat caa bé tdng nhya rong va tinh chat
cua hd composite goc xi mang. Yang va Weng da nghién ctu anh husng cua cac yéu t6 khac
nhau nhu d6 réng du ciia hon hop bé tong nhua, ty Ié nudc/xi ming cua vira xi ming, vat liéu
l6p dudi va chiéu day cua SFP dén do bén caa SFP [11]. Két qua chi ra rang do rong du cua
hon hop bé tong nhya réng anh huong 16n nhat dén tinh nang co hoc cua SFP, va do rong du
bang 26% cua bé tdng nhwa rong duoc dé xuat cho SFP miat duong san bay. Tac gia Dinh va
cac cong su ciing da chi ra rang d6 rong cao s& dan dén hdn hop SFP ¢6 tinh 6n dinh nhiét cao
hon so véi hdn hop bé tdng nhya thong thuong [12]. Setyawan da tién hanh nghién cau vé
dic tinh chiu nén cia SFP khi xét dén cac yéu té nhu kich thudc cdt ligu, vira xi mang va loai
bitum [13]. Do tinh cong tac cao, nén do bén va kha nang tu tham 1a nhirng yéu cau rat quan
trong ddi voi vira xi ming, nén cac nghién ctu quan trong da dugc thuc hién trén cac thanh
phan, cong thirc va tinh chat vat ly cua vira xi mang. Tinh ning cia vira xi mang véi viéc bo
sung phu gia mudi si-lic, tro bay va cac loai phu gia siéu déo va phu gia trrong nd khac nhau
V6i céc lidu lugng khac nhau da dugc nghién ctu nhiéu trong nhiing nam gan day [14, 15, 16,
17]. Két qua da chi ra rang, tat ca cac vat liéu pozzolanic va phu gia héa hoc trong nghién cau
déu cai thién tinh cong tac, do bén va tinh chit co ngot cua vira xi mang. Ngoai ra, dé cai
thién tinh cdng tac tét hon, hd xi mang c6 thé duoc sir dung dé thay thé cho vira xi mang. Két
qua nghién ctu caa A. Setyawan [13], ciing da két luan rang cuong do chiu nén cua bé tong
ban mém phu thudc vao bo khung cau tric caa bé tong nhya rdng va tuong tac véi hd goc xi
mang. Trong nghién ciru ciia QJ Ding va cic cong su [12] ciing da tién hanh danh gia tinh
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nang cua bé tdng ban mém va két luan rang, do 6n dinh nhiét 46 cao va nhiét do thip cua bé
tdbng ban mém cao hon so véi bé tdng nhya thong thuong, va tinh nang cua bé tbng ban meém
tot hon khi d rong cua bé tong nhya rong tang l1én.

Bé tong ban mém da duoc nghién ctru tng dung ¢ Viét Nam trudc day [18, 19]. Trong cac
nghién ctru trén tat ca hd xi mang déu duoc tao ra bang cach sir dung Xi mang thuong hoac xi
mang hdn hop tron véi phu gia siéu déo va mot s6 phu gia khac dé dat duoc cac yéu cau ky
thuat cho bé tdng ban mém. Cong nghé nay c6 nhuoc diém la chat lwong caa hd composite va
cua bé tong ban mém kém 6n dinh do mirc d6 bién dong cua xi mang. Trong chuong trinh hop
tac gitta Truong Dai hoc Giao thong van tdi (UTC) véi Cong ty Sika hiru han Viét Nam
(Sika), nhém nghién ciru hai bén da tién hanh nghién ciu ché tao ra dugc mét loai bot tong
hop trén co s¢ xi mang portland va cac phu gia dang bot co tén thuong mai la Sika Grout —
301 SFP. Bai bao nay trinh bay céac két qua nghién cau thuc nghiém danh gia cac tinh chét
cua Sika Grout — 301 SFP va bé tdng ban mém.

2. VAT LIEU VA CHE TAO MAU BE TONG BAN MEM
2.1 Bé tong nhwa réng

Hdn hop bé tong nhya rdng BTNR 12,5 duoc ché tao boi da dam ¢6 Dmax bang 12,5 mm,
cat nghién c6 Dmax bang 4,75 mm, bt da voi va nhua duong loai 60/70. Céc chi tiéu ky thuat
cua nhya duong duoc trinh bay trong Bang 1.

Bang 1. C&c chi tiéu ky thuat cua bitum 60/70.

A pin s s, . Tiéu chuén thi
biéu kién Cac chi tiéu Ket qua

nghiém
Do kim lun 25 °C, 0.1 66 ASTM D 5
mm
Diém chdp chéy, °C 253 ASTM D 92
Khong héagia ~ Piém héa mém, °C 49.5 ASTM D 36
Do kéo dai ¢ 25 °C, cm >100 ASTM D 113
D6 nhot, Pa.s 0,385 AASHTO T316
G*/sind & 64 °C, kPa 1,15
va oid nod AASHTO T315
Hoa gia ngan han 0005 6 70 °C, kPa 2,62

(RTFO)

Hai ngudn cdt liéu da duoc sir dung cho nghién cau, mét nguon duoc lay & mo da Sunway

(Quoc Oai, Ha Noi) goc da bazan, nguon con lai dugc lay ¢ mo da Phong Dan (Phu Ly, Ha
Nam) nguon goc da voi. Bang 2 thé hién cac chi tiéu ky thuat caa hai nguon cot liéu nay.

Bang 2. Céc chi tiéu ky thuat caa cét liéu.

Chi tiéu Pa 10-16 ba 5-10 ba 0-5 Bot da
P4 ba ba L\ A ba Y XA
Bazan Vi Bazan ba Voi Bazan ba Voi
Ty trong khéi (Gsb) 2,818 2,687 2,846 2.705 2,849 2.702 2.712
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D6 hap phu, % 0,218 0,227 0,278
Ham lugng sét, % 0,23 0,35 0,45
Ham luong thoi det, % 12,56 11,26 10,05
M6 dun d6 16n - - -
Po hao mon LA, % 17,89 23.48 -

Heé sb duong luong cat - - -

Chi so déo - - -

0,365
0,67

8,41

0,416

0,517 -

3,48 -

73,9 -

- 1,09

Phuong phap Marshall duoc st dung dé thiét ké hdn hop bé tong nhua rong, ty 1é cac thanh
phan duoc xac dinh theo TCVN 8820: 2011. Céac nghién ciru trude day di cho thay rang, do
rdng du anh huong dang ké dén tinh ning cta bé tong ban mém, do vay do rong du cua
BTNR duoc lya chon tir 25% dén 35 % [20, 21, 22]. Hinh 1 thé hién thanh phan hat cua bé

téng nhya rong.

C4c chi tiéu caa BTNR tng v6i ham luong bitum téi wu dugc thé hién nhu ¢ Bang 3.

Bang 3. Céc chi tiéu k¥ thuat cia BTNR tng véi ham luong bitum téi wu.

Chi tiéu Két qua thi nghiém
rng voi cac nguon da
khéc nhau
Da bazan Pa voi
D6 6n dinh Marshall, kN 4,9 4,2
Do déo Marshall, mm 3,8 3,7
D6 rong du, % 25,5 25,8
Do rong lién théng, % 14,5 15,1
b6 chay nhua, % 0,00 0,00

Quy dinh

<10

QD 189/QD-
BGTVT

Tiéu chuan thi
nghiém

TCVN 8860-1:2011
TCVN 8860-1:2011
TCVN 8860-9:2011

Phu luc B: Qb
189/Qb-BGTVT

TCVN 8860-11:2011

Két qua thi nghiém céc chi tiéu ky thuat cia BTNR str dung hai ngudn cdt ligu déu dap ing
duogc yéu cau ky thuat theo Quyét dinh S6 189/Qb-BGTVT.

2.2 Xi méng bién tinh

Mot loai bot xi mang bién tinh duoc hop tac nghién ciru, ché tao bai Cong ty TNHH Sika
Viét Nam va Truong Dai hoc Giao théng van tai c6 ma Sika Grout -301 SFP VN phu hgp cho

cac dac tinh cua bé tong ban mém (Hinh 2).
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100
90 |--*-- Can dudi

80 - #—«eCantrén p !
70 |—#— Cép phéi hdn hop /1

Phén trim lwgng lot sang, %

0.075 0.75 7.5
Co sang, mm

Hinh 1. Thanh phan cip phdi hat cia BTNR.

Hinh 2. Chét két dinh Sika Grout — 301 SFP.

Sika Grout — 301 SFP c6 thanh phan bao gém xi mang portland thuong (PC), phu gia cai
thién do nhot, phu gia cai thién thoi gian dong ran va phu gia chéng co ngét. Céc chi tiéu ky
thuat cua Sika Grout — 301 SFP tng véi cac ham lugng nudc 37%, 39 %, 41 %, 43% va 45%
dugc thé hién nhu ¢ Bang 4.
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Bang 4. C4c chi tiéu ky thuat cua Sika Grout — 301 SFP.

Chi tiéu Gia tri két qua wng véi cac ham lwong nwéc  Tiéu chuin
thi nghiém
37% 39% 41%  43%  45%

Thai gian chay (3 phat), giay 15,2 144 1360 12,7 11,1 ASTM C939

Thai gian chay (30 phut), giay 14,9 141 1391 123 10,8 ASTM C939
Cudng do nén 1 ngay, MPa 17,7 158 14,85 13,19 12,94 EN12190
Cudng d6 nén 7 ngay, MPa 52,45 5176 50,90 50,12 4865 EN 12190
Cudng do nén 28 ngay, MPa 7214 7143 7024 6898 67,21 EN 12190
Cudng do6 kéo udn 7 ngay 6,21 579 512 503 4,89 A_,?\PSlHO'gO

2.3 Ché tao miu thi nghiém bé tdng ban mém

Cac mau bé tdng nhya rong dugc ché tao dé dam bao do rong du 25+0,5%, c6 duong kinh
bang 100 mm, chiéu cao bang 63+1,0 mm. Chat két dinh Sika Grout — 301 SFP duoc tron voi
nudc twong tNg VGi Cac ty 16 37%, 39%, 41%, 43% va 45%, sau d6 tién hanh rét vao cac mau
bé tong nhya rong nhu thé hién & Hinh 3a.

QL A

APPLICATION RESEARCH COOPERATION

Subject name:  SUSTAINABLE  SEMI
PAVEMENT. g P

Sponsor: Sika Vietnam
Research _ institation:  Faculty of Construction]
Engineering, The University of Transport and |
ommunication” =

(a) ROt ho chat két dinh vao mau BTNR (b) Mau bé téng ban mém & 1 ngay

Hinh 3. Ché tao mau bé téng ban mém.

Céc mau bé tdng nhwa rdng sau khi rét hd xi mang duoc bao dudng & nhiét do 27+2°C theo
cac ngay tuoi 1 ngay, 3 ngay va 7 ngay. Hinh 3b thé hién mau bé tdng ban mém & 1 ngay tuoi.
S6 mau thi nghiém cudng do chiu nén va cuong do chiu kéo khi uén cia mot té mau tuong
ng voi cac ham lugng nude khac nhau, loai cot lieu khac nhau va tudi bao dudng khac nhau
& 03 mau. Nhu vay, tong so mau thi nghiém cuong do chiu nén la 33 mau, tong s6 mau
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cudng do chiu kéo khi uon l1a 06 méau. Cac két qua thi nghiém cua cac t6 mau dugc dénh gia
dé loai bo gia tri ngoai lai theo tiéu chuan ASTM E178.

3. KET QUA THI NGHIEM VA PHAN TiCH PANH GIA

3.1. Anh hwéng cia ham lwong nwéce dén d9 nhét cia ho xi ming va cwong dd chiu nén
ciia bé tdng ban mém

Dé danh gia anh huong cua ham luong nudce dén d6 nhét va cudng do chiu nén cua bé tong
ban mém, cac ham lugng nude duoc lya chon lan luot 1a 37%, 39 %, 41 %, 43% va 45% theo
khoi luong cua bot Sika grout 301 SFP VN. Thi nghiém do d6 nhét dugc thuc hién theo tiéu
chuan ASTM - C939 thdng qua thai gian chay (Flow Time-FT) qua phéu tiéu chuan (Hinh 4),
thi nghiém xéc dinh cuong d6 chiu nén duoc thuc hién theo tiéu chuan EN 12190 nhu ¢ Hinh
5.

Hinh 5. Thi nghiém cuong do chiu nén.

Dé danh gia anh huong cua ham luong nude dén cuong do chiu nén caa bé tong ban mém,
nghién ciu sir dung cac mau bé tong asphat rong duoc ché tao tir ngudn cbt liéu da bazan.
Cac két qua thi nghiém d6 nhét cua ho Sika grout 301 SFP VN va cudng d6 chiu nén cua bé
tong ban mém dugc thé hién nhu ¢ Hinh 6 cho thiy rang, khi ting ham luong nudc tir 37%
l&n 45%, thoi gian hd Sika grout 301 SFP VN chay qua phéu tiéu chuan va cuong do chiu nén
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cua bé tong ban mém giam xudng.

—
[3¥]

22

—_
—_

12

20 B Thoi gian chay A Curong do chiu nén 10
o~
18 | E
= g
bl G =
5 £
= [*)
14 P
=N =
| o0
=
=]
=
@)

10

O o= ko o s A OV -1 o D

37 39 41 43 45
Ham lwong nwéce, %
Hinh 6. Tuong quan giita ham lwong nudc véi d6 nhét ho xi méing
va cudng do chiu nén cua bé tong ban mém.
Néu lay gié tri quy dinh thoi gian chay cua hd xi ming qua phéu tiéu chuan tir 10-14 giay
va cuong do chiu nén caa bé tdng ban mém tdi thiéu sau 1 ngay 1a 5,0 MPa theo QD 198/QD-
GTVT thi ham lugng nudc hop ly 1a 38-43%.

3.2. Anh hwéng cita nguon cét ligu dén cwong dd chiu nén caa bé tdng ban mém

Trén co s& ham luong nudc hop ly cua Sika grout 301 SFP VN xéc dinh duoc tir 38 % dén
43 %, nghién ctu lya chon ham luong nuéc 1a 39% dé danh gia anh huong cua loai ¢t ligu
dén cudng d6 chiu nén cua bé tdng ban mém. Hai loai cét lidu goc da voi & Pha Ly, Ha Nam
va da bazan & Qudc Oai, Ha Noi da dugc lya chon danh gia. Cuong do chiu nén duoc xac
dinh ¢ 1 ngay, 3 ngay va 7 ngay tudi. Két qua duoc thé hién nhu & Hinh 7.

14.00
1200 | @ba vbi
EDPa Bazan
&
= 10.00
g
= 8.00 |
2
G
. 600 F
L=
s0
=
g 4.00
&}
200
0.00

1 3 7
Thei gian bao duéng, ngay

Hinh 7. Anh huéng cua loai cét lidu dén cuong do chiu nén cua bé tong ban mém.
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Phan tich danh gia phuong sai ANOVA thé hién nhu & Bang 5 cho thay ring, loai cot ligu
khong anh hudng dén cuong do chiu nén cua bé tong ban mém (p>0.05) nhung thoi gian bao
dudng c6 anh huong dén cuong do chiu nén (p<0.05).

Bang 5. Két qua phan tich ANOVA vdi cac gia tri cudng do chiu nén.

Yéu t6 anh hwéng Béc tw do XAc suit
Loai cét lieu 1 0,3040
Thoi gian bao dudng 2 0.000
Loai cét liéu x Thoi 2 0,594

gian bao dudng

Giita cudng do chiu nén cua cadc mau bé tdng ban mém sir dung hai ngudn cét liéu khéac
nhau ma khdng c6 su khéac biét thong ké c6 thé do toan bd céc hat cot liéu da duoc bao boc
boi bitum va cudng d6 chiu nén cua bé tdng ban mém thap hon rat nhiéu so véi cudong do chiu
nén caa cdt liéu va da xi mang. Cudng do chiu nén khi d6 phy thudc vao dinh bam giita ho xi
ming v6i bé tong nhua, thé tich hd xi ming va cudng d6 cua da xi mang.

Ngoai ra, két qua thuc nghiém con cho thy rang, cuong do chiu nén sau 1 ngay tudi cua
bé tong ban meém sir dung hai nguon cot liéu cao hon trung binh 64% so véi ngudng toi thicu
14 5,0 MPa theo khuyén cao cua Qb 189/Qb-BGTVT.

3.3 Anh hwéng cia loai cét liéu dén cwong dd chiu kéo khi udn

Cuong do chiu kéo khi udn va bién dang tai thoi diém mau pha hoai thé hién kha ning
khéng nat ciia bé tong ban mém. Thi nghiém xac dinh hai théng s6 nay duoc xac dinh trén
mau thir ang véi ham luong nude tron véi bot xi mang 1a 39%, cac mau duoc bao dudng & 7
ngay tudi. Hinh 8 thé hién mé hinh thi nghiém dé xac dinh cuong d6 chiu kéo khi uén va miu
sau khi thi nghiém uén.

(@) M0 hinh thi nghiém (b) Mau sau khi thi nghiém
Hinh 8. Thi nghiém kéo khi udn.
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(b) : Ngudn cét liéu d4 bazan

Hinh 9. Két qua dudng cong luc — chuyén vi.

Tir két qua duong cong luc va chuyén vi dugc thé hién nhu ¢ Hinh 9, nghién ciu tién hanh
tinh toén cuong do chiu kéo khi uon va bién dang tai thoi diém phé hoai. Két qua tinh toan
duoc thé hién nhu ¢ Bang 6 va Bang 7.

Bang 6. Két qua tinh toan cuong do chiu kéo khi uén va bién dang

khi pha hiy miu bé tdng ban mém sir dung ngudn cét liéu Da Véi.

Cuong do Bién dang tai

H B L, chiukéo  thoi diém miu
STT mm) (mm) mm N &M khi uén bi ph4 hoai,
(MPa) mm/mm
SFP-ba voi-1 73,0 51,0 120,0 6592,5 0,664 437 0,0202
SFP-Da vo6i-2 74,0 52,0 120,0 6317,3 0,550 3.09 0,0170
SFP-Da v6i-3 73,0 52,0 120,0 6569,6 0,742 427 0,0226
B ] 121 0,0199
Bang 7. Két qua tinh toan cuong do chiu kéo khi udn va bién dang
khi phé hiy mau bé téng ban mém sir dung nguon cdt liéu Da Bazan.
Cuwong dd  Bién dang tai
H B L, PN & mm chiukéo  thoi diém mau
STT (mm) (mm) mm ’ ’ khi uon bi pha hoai,
(MPa) mm/mm
SFP-Da bazan-1 72,0 50,0 120,0 5963,2 0,540 414 0,0162
SFP-ba bazan-2 73,0 50,0 120,0 6348,5 0,550 429 0,0167
SFP-ba bazan-3 72,0 51,0 120,0 58394 0,590 308 0,0177
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B ) 414 0,0169

Tir két qua thi nghiém ¢ Bang 6 va Bang 7, phan tich danh gi4 phuong sai mot chiéu thé
hién nhu ¢ Bang 8 cho thay rang, loai cot liéu khong anh huong dén cuong d6 chiu kéo khi
uon va bién dang toi thiéu ung véi thoi diém mau pha hay (p> 0,05).

Bang 8. Két qua phan tich ANOVA cuong d6 chiu kéo khi uén

va bién dang tai thoi diém mau bi pha huy.

Yéu té anh hwéng  Béc tw do Théng sb Xac suit (p)
o, 1 Cuong do chiu kéo 0,639
Loai cot liéu o,
Khi uon
1 Bién dang tai thoi 0,142

Loai cot ligu L
diém mau pha huay

Néu lay gioi han cudng do chiu kéo khi udn tbi thiéu 1a 2,5 MPa thi ca hai loai bé tdng ban
mém sir dung nguon cot lidu 1a da voi va da bazan déu dap ung dugc muc yéu Cau tbi thiéu.
Tuong ty nhu vay, V6i ngudng gisi han bién dang téi thiéu ung vai thoi diém mau pha hay la
3x10°® mm/mm thi ca hai loai bé tng ban mém ciing déu dap tmg dugc yéu cau ki thuat.

4. KET LUAN VA KIEN NGHI

Tu két qua nghién ctu thyc nghiém dénh gia cuong d6 chiu nén va cuong do chiu kéo khi
uon cua bé téng ban meém sir dung Sika grout 301 SFP VN, mét so ket luan va kién nghi sau
duoc duara :

Két luan:

- San pham Sika grout 301 SFP VN duoc nghién cau phat trién boi nhém nghién ciu
thuoc Cong ty Sika hiru han Viét Nam va nhom nghién ctru Truong Pai hoc GTVT cd
céc chi tiéu k¥ thuat déu dap tmg duoc cho bé tong ban mém theo QP 198/QD-GTVT
cua Bo GTVT.

Panh gia anh huong cua loai ¢t liéu dén cudong do chiu nén cua bé tdng ban mém & cac
ngay tudi khac nhau cho thay rang, khong cé su khéc biét vé két qua cuong do chiu
nén cua c4c mau bé téng ban mém st dung ngudn cét liéu da voi va da bazan.

Cudng d6 chiu nén sau 1 ngay tudi cua bé tong ban mém sir dung hai ngudn cdt liéu cao
hon trung binh 64% so v&i ngudng toi thiéu l1a 5,0 MPa theo khuyén cao cua Qb
189/Qb-BGTVT.

Tuong tu nhu cuong do chiu nén cua bé tdng ban mém, loai cbt liéu ciing khong anh
huong dén cudong d6 chiu kéo khi uén va gidi han bién dang ti thiéu ung vai thoi
diém mau phé haty cia bé tdng ban mém, va hai thdng sé nay ciing déu dap tmg duoc
y&u cau gidi han theo QD 189/QD-BGTVT.
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Kién nghi:

Bé tdng ban mém 1a mot loai vat liéu méi, cd nhiéu vu diém hon so bé téng nhya va bé
tong xi mang, dé tai mai chi ding lai nghién ciu bude dau trong phong thi nghiém danh gia
tinh ning cua bé tdng ban mém trén co s groun bién tinh ché tao duoc, dé co thé ang dung
cong nghé nay trong xay dung duong ¢ Viét Nam thoi gian toi, can ¢ thém nhitng nghién
cuu sau:

- Can c6 thém céc nghién ctiru danh gia do bén cua bé téng ban mém phong thi nghiém
véi s6 lugng mau du lon.

- Thi cong danh gia thi diém hién truong cua cong nghé.

- Xay dung dinh muc kinh té va quy trinh chi dan k§ thuat ciing can thuc hién dé c6 thé
ung dung dugc cong nghé nay trong xay dung duong 0 to6 ¢ Viét Nam.
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