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Abstract. Recently, plastic wastes including nylon bag have been becoming a critical issue in
many countries worldwide as well as Vietnam. Towards a substainable development, the
trend of recycling types of plastic waste is a target of many nations. In transportation field, the
use of nylon waste as a binder for asphalt concrete (AC) has been sucessfully applied in some
countries. In Vietnam, there have been some studies regarding this topic. Aiming to use nylon
waste for AC, this study evaluates the effects of nylon waste on AC elastic moduli including
static elastic modulus, dynamic elastic modulus and complex elastic modulus. The results
showed that the nylon waste helps to increase the elastic modulus of AC.
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Tém tat. Hién nay, phé thai nhua trong d6 c6 tli nylon dang 1a mot van dé ndi com ciia nhiéu
nude trén thé gidi cling nhu Viét Nam. Xu thé tai sir dung phé thai nhya huéng dén phat trién
bén ving la muc tiéu cua nhiéu quéc gia. Trong linh vuc giao thdng, viéc sir dung phé thai
nylon nhu mot loai phy gia trong hon hop bé tdng nhya (BTN) di duoc ap dung thanh cong ¢
nhiéu nudc trén thé gisi. Tai Viét Nam, da c6 nhiing nghién ciru budc dau vé van dé nay. Deé
hudng t6i muc tiéu nghién ctru sir dung nylon phé thai trong BTN, nghién ciu ndy danh gia
anh hudng cua phu gia nylon ¢&én mé dun dan hdéi (MPPH) ciia BTN bao gdom MPDH tinh
(Ean), MPDH dong (Mr) va MPDH phire (JE*|). Két qua nghién ctru cho thay phu gia nylon
phé thai c6 thé lam ting MDDH ciia hdn hop BTN.

Tir khéa: nylon phé thai, bé tong nhwa, m6 dun dan hdi tinh, md dun dan hoi dong, mo-dun
dan hoi phirc

© 2020 Truong Pai hoc Giao théng Van tdi

1. PAT VAN PE

Phat trién bén vimng la muyc tiéu cta cac nudc trén thé gisi ndi chung va Viét Nam noi
riéng. Hién nay, theo B tai nguyén va moi truong [1], binh quan, mdi ho gia dinh sir dung
khoang 1 kg tai nylon/thdng. Riéng Ha Noi va TP. Ho Chi Minh trung binh mdi ngay thai ra
mai trudng khoang 80 tin nhya va nilon. Dé cac chat thai tir nhyra va nylon phan huy hét, phai
mat hang tram, thAm chi hang nghin nim. Piéu ndy gy anh huong truc tiép dén sirc khoe con
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ngudi, de doa cac hé sinh thai va sy phat trién bén viing cia mdi quoc gia. Vi vay, viéc nghién
clru tai sir dung chat thai nhwa trong d6 c6 tai nylon Ia hét stc can thiét, c6 ¥ nghia thuc té,
g6p phan giam 6 nhidm mdi trudng va tiét kiém tai nguyén.

Trong linh vuc giao thdng, cac nudc trén thé giéi dang c6 xu huong tai st dung nhua phé
thai nhu mot loai phu gia cho hdn hop bé tong nhya (BTN) [2]. Trén thé gidi c6 nhiéu nghién
ctru str dung céc loai phé thai nhua cho hdn hop BTN va anh huéng cua n6 dén chit luong
mit duong BTN [3,4,5,6]. Két qua cua cac nghién ciru ndy chi ra rang, viéc sir dung nhya phé
thai trong hén hop BTN c6 thé cdi thién tinh chit co Iy cta nd (vi du nhu d¢ 6n dinh
Marshall, 6 6n dinh nudc va kha ning chéng nut truyén). Mot s6 nghién ctru danh gié viéc
str dung phé thai nhwra nhu chat cai thién chat két dinh asphalt dé ting cuong hiéu qua cua né.
Hinislioglua va Agar [7] da s dung phé thai nhya v6i ham luong 4%, 6% va 8% theo trong
lwong két dinh t6i uu. Két qua nghién ciru thuc nghiém cho thdy tron véi chat thai nhua 4%
mang lai hiéu d6 on dinh Marshall cao nhat va hdn hop ciing ¢6 kha ning chdng d6 lUn vét
han banh xe. Humeidawi [8] da danh gi4 viéc sir dung chat thai nhwa dé tang cudng cac tinh
chat co Iy cuia hdn hop BTN. Két qua cho thay viéc tron phé thai nhwra vao hon hop mang lai
d6 6n dinh Marshall cao hon va d6 bén kéo gian tiép cao hon mét hdn hop thong thuong. Tai
Viét Nam, Nguyen Quang Phuc va cac cong su [9] nghién ctru str dung phé thai nhya (manh
nylon va nap chai PP) lam phy gia theo phuong phap tron kho. Két qua ciia nhom nghién ctru
ching minh rang khi diing phé thai nhya thi ¢6 6n dinh Marshall ting déng ké so véi mau déi
ching dung nhya 60/70. Nghién ciru ciing cho thay sir dung manh nylon cho do 6n dinh
Marshall cao hon so vagi khi sit dung nhdm hat nhya dun. Trong mot nghién ciu Khéc,
Nguyén Hong Quan va cac cong sy [10] chi ra rang, ty 1& phu gia nylon thich hop nhét dé cai
thién c4c chi tiéu co hoc nhu d6 6n dinh Marshall va cuong do chiu kéo gian tiép ciia BTN la
8% (theo khéi lugng nhya).

Mic du da cd nhitng két qua nghién ctru nhét dinh vé st dung phé thai nhya tai Viét Nam
[9, 10], viéc tiép tuc danh gia anh huong cua phé thai nhua dén céc tinh chat co ly cia BTN 4
can thiét. Trong d6, md dun dan hdi (MPDH) tinh 13 mot trong nhung chi tiéu quan trong
trong viéc danh gia chét lugng ciing nhu ding dé tinh toan két cdu 40 ~duong mém theo tiéu
chuan 22TCN 211 — 06 [11] va la thong sé co ban nhat dé thiét ké két cau mat duong theo
phuong phap co hoc-thuc nghiém (MPDH phtrc cua BTN). Bén canh do, MDDH dong (Mr)
va hé sb ai cia BTN dugc dung dé tinh toan két ciu mit dudng theo AASHTO93 (22TCN
274-01) [12]. Vi vay, muc tiéu cua bai bao nay la danh gia anh hudng ciia phé thai nhya, cu
thé 1a nylon phé thai dén cac loai MPDH ctia hdn hop BTN.

2. THIET KE THi NGHIEM

Trong bai bao nay, trude hét, anh hudng caa nylon phé thai dén mon dun dan hoi tinh
(Edh) dugc xac dinh theo 22TCN 211 — 06 [11]. Tuy nhién, m0 hinh thi nghi¢m tinh chua mo6
phong dung m6 hinh co hoc chiu lyc cta vat liéu BTN trong két cau mat duong. Ngoai ra, voi
co ché gia tai tinh ciing hoan toan khong mé phong dugc dleu kién chiu tai trong xe chay cua
mat duong, khi ma thoi gian tac dung cua tai trong rat ngan phu thudc vao tbc do cua xe
chay. Vi vay, bén canh MPPH tinh, bai béo ciing danh gia anh huong cua nylon phé thai dén
MPDBH dong (Mr), MPPH phirc (E*) ciia BTN. Phé thai nhua str dung trong bai bao nay 1a
tdi bao go6i nylon ¢ géc LDPE c¢6 mau trong (chwa duogc tai ché) 1y tir rac thai khu vuc Ha
Noi. Tai nylon duoc rira loai bo chit ban, say khd va cit nho véi kich c& lot sang 2.36mm.
C4c chi tiéu k¥ thuat cta vat lidu nylon phé thai duoc trinh bay trén Bang 1. Cach thirc tron va
ché bi mau ¢ phy gia tuan theo trinh ty nhu d4 duoc trinh bay trong nghién ciru ciia Nguyén
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Hdng Quan va cac cong sy [0].
Bang 1. Yéu cau vé céc chi tiéu k¥ thuat cua vat liéu nylon phé thai.

TT Chi tiéu Quy dinh Phwong phap thi nghiém
1 |Loai phu gia dang manh hodc LDPE, HDPE: Loai khéng bi tai | Panh gia bang mat ky
dang hat st dung nhi€u lan, mau den hiéu nhya
2 | Thanh phan hat Lot qua sang 2.36 va sot trén sang | TCVN 7572-2: 2006
0.6mm
3 |Ham lugng chung bui bun sét, % |< 1.00 TCVN 7572-8: 2006
4 | Chi sé chay MFI, g/10 phut LDPE tr 0.14-58 ASTM D1238 — 13

HDPE tu 0.02-9

5 | Ty 1é phu gia 6% - 8% khdi lwong nhya dudng

2.1. Thi nghiém m6 dun dan héi tinh (Edh)

Thi nghiém xac dinh MPPH ctia miu BTN & cac diéu kién nhiét do 15°C; 30°C; 60°C
theo 22TCN 211 — 06 [11]. Thi nghiém duoc thuc hién véi BTNC12.5 ¢ day du 3 nhiét do
néu trén. Ngoai ra, dé so sanh tong thé hiéu qua ciia phu gia nylon, nhém nghién ciu thi
nghiém thém vi BTNC19 & nhiét do 15°C. Ham lugng nylon sir dung 1a 8% theo khéi luong
nhya, dya trén két qua nghién ctru cia Nguyén Hong Quan va céc cong sy [0]. Miu ddi chimg
la BTNC12.5 str dung nhya 60/70 thong thuong. Thi nghiém theo mé hinh nén doc truc nd
hong ty do, tdi trong tinh theo 22TCN 211 — 06 [11]. Thi nghiém duoc thyc hi¢n trong tu khi
hau diéu chinh dugc nhiét d6. CAc blen dau vao cua thiét ké thuc nghiém gém hai bién ¢ ‘phu
gia” va “nhi¢t do”. Bién phu gia gom KPG (Khong phy gia) va CPG (C6 8% nylon). Bién
nhiét do gom 3 mirc 15°C; 30°C va 60°C. Tong sd thi nghiém 1a 2 Phy gia x 3 Nhiét do x 6
mau/td mau = 36 thi nghiém. Thi nghiém dugc thuc hién tai Phong thi nghiém trong diém
UTC-Cienco4, Truong Pai hoc GTVT.

b) Khung thiét bi

¢) Khung ga mau

, Khung g4 mau thi nghiém xac dinh MDBH bang md
a) B thiét bi thi nghiém Cooper hinh kéo gidn tiép tai trong 1ap
Hinh 1. Thiét bi thi nghiém Cooper — Trudong Dai hoc GTVT.
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2.2. Thi nghiém mé dun dan hdi dong (M)

Thi nghiém kéo gian tlep tai trong 1ap Ia mo hinh thi nghiém the hién duoc dic diém vat
lidu khi chiu tai trong thuc té, do mau vét lidu trong thi nghiém gan twong ty nhu vat liéu
BTN lam 16p mat duong la chiu keo Xuét phat tr tai trong nén. Trang thai pha hoai do ing
suit kéo ciing 1a trang thai pha hoai thuong thdy dbi véi 16p BTN mit duong nhu 13 nit do
moi va nut do ung suat kéo trong diéu kién nhiét d6 thap. Tai trong lp tac dung trong thoi
gian ngin cho phép mé phong duogc diéu kién tac dung cua tai trong xe chay trén dudng. Thi
nghiém dugc thuc hién tai Phong thi nghiém vat liéu xay dung, truong Pai hoc GTVT trén
may Cooper (hinh 1), tiéu chuan thi nghiém ASTM D4123 [13], BS EN 12697-26:2004 [14]
(phu luc C) va 22TCN 274 - 01 [12]. Nhiét do thi nghiém |a 20°C dé phu hop véi quy dinh
ctia phuong phap thiét ké dudng theo hudng dan AASHTO 93. Thi nghiém duoc tién hanh
do~1 v6i BTNC12.5 8% nylon c¢6 ddi ching véi BTNC12.5 60/70 thong thuong (mdi loai 4
mau).

2.3. Thi nghiém m6 dun dan hdi phirc ciia BTN

Hién nay, theo cac tiéu chuan cua Hoa Ky, ¢6 3 tiéu chuan khac nhau dung dé xac dinh
gia tri MDDH cia BTN: AASHTO TP 79-13; AASHTO T342-11; AASHTO TP 62 [15].
Thiét bi ctia Truong Pai hoc Giao théng van tai phu hop dé thuc hién thi nghiém theo tiéu
chuan AASHTO TP62, do vay tiéu chuin AASHTO TP-62 dugc 4p dung dé thuc hién thi
nghiém MPDH phtic (|[E*|) clia cac mau BTN.

Theo tiéu chudn AASHTO TP-62 [15], dé thi nghiém |E*| can x4c dinh cac thong s nhu
tan s tic dung cua tai trong, nhiét do thi nghiém... Do dic thu thiét bi thi nghiém CRT-
UTM-NU cta Truong DPHGTVT cai dét cac gia tri mac dinh san voi tan sb tai trong tac dung
c¢d dinh la 0.1Hz, 0.5Hz, 1Hz, 5Hz 10Hz va 25Hz nén céc tan sd nay sé& dugc sir dung trong
thi nghiém |E*| cia BTN. V& nhiét d6, cac gid tri nhiét o thi nghiém [E*| s& gdm cac nhiét do
tir thap t6i cao, di dé két hop voi pham vi tan s tic dung cia tai trong dé xdy dung duoc cac
duong cong chu cuia MPDH dong cua cac hon hop BTNC khac nhau dat do chinh xac phu
hop. Trén nguyén tic ndy, cac nhiét do st dung trong thi nghiém |E*| gom c0 10°C, 25°C,

40°C, va 55°C va viéc thi nghiém duoc tién hanh theo thi tur tir nhiét do thap nhat t6i nhiét do
cao nhat, va tai mdi nhiét do s& tién hanh thi nghiém theo thir ty tur tan s6 16n nhat téi tan sd
nhé nhét.
Bang 2. Cac mirc d6 ing suat dong tiy theo nhiét d¢ thi nghiém dién hinh [15].

Nhiét do thi nghiém Pham vi &ng suit
(°C) (°F) (kPa) (Psi)
-10 14 1400 -2800 200-400
4 40 700-1400 100-200
21 70 350-700 50-100
37 100 140-250 20-50
54 130 35-70 5-10

Cac murc do ng suat dong tac dung vao mau phu thudc vao do cing ctia mau, tiy theo
cac gia tri cua nhiét d6 trong thi nghiém mau ma murc do ing suét tac dung vao mau thay doi
v6i nguyén tic nhiét do cang thp thi gia tri ing suit str dung trong thi nghiém cang 16n va
nguoc lai, gia tri img suit tac dung vao mau can diéu chinh sao cho muc d6 bién dang doc
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truc trong khoang 50 téi 150 microstrain. Bang 2 dua ra cac muc tng suat dong dién hinh tiy
theo cac gia trj ctia nhiét d6 thi nghiém khac nhau. C4c gié tri tng suat duoc noi suy tir bang 2
ung véi nhiét d6 thi nghiém 10°C, 25°C, 40°C, va 55°C.

Sb chu ky tac dung cua tai trong tiy thudc vao cac gia tri tan sb st dung trong thi nghiém,
tan s6 bé thi s6 chu ky tac dung ciing nho, bang 3 tom tit sb chu ky tac dung cua tai trong tiy
theo cac gia trj tan s6 khac nhau.

Bang 3. S6 cac chu ky thi nghiém tuy theo cac gia tri clia tan s6 khac nhau [15].

Tan s6 (Hz) 0.1 0.5 1 5 10 25
S6 chu ky 15 15 20 100 200 200

Céc gia tri cua |E*| ¢ cac tan s6 va nhiét dd khac néu can biét, s& duoc xac dinh béng viéc
xay dung duong cac cong chu (master curve) cua |E*| cia cac loai BTNC tuong ung.

Tém tat phwong phép thi nghiém

Sau khi cdng tac chudn bi mau da xong, cac mau BTN dugc gia cong hai ddu mau dé dam
bao cac diu maiu c6 mat phéng tiép xtc tot vai bo phan gia tai, han ché céc sai sb lién quan toi
bé mit mau. Cac mau sau d6 dugc cho vao ti kiém soat nhiét 4o véi thoi gian duy tri nhiét do
nhu bang 4. Sau khi cac mau BTNC da duy tri di thoi gian cho timg mirc nhiét d6 khac nhau
& trén, cac mau s& dugc tién hanh thi nghiém bang viée tac dung mot tai trong hinh sin v6i do
16n va chu ky tac dung tuy theo muirc nhiét d6 va tan s6 nhu cac bang 2 va bang 3. Céac bo
phan cam bién s& ghi lai két qua ctia bién dang phuc hoi doc truc ciia miu va xuit két qua qua
may tinh. Gia tri MDDH phtic (E*) va MPDH dong cia BTNC (|E*|) s€ duogc xac dinh theo
cbng thuc (1) va (2).

Bang 4. Thoi gian duy tri mau thi nghiém & cac nhiét do khac nhau.

Nhiét do mau Thoi gian véi mau chua qua thi nghiém | Thai gian mau da dugce kiém tra
(°C) (nhiét d§ phong la 250C), (h) & mirc nhiét do trwdc do (h)
10 Qua dém 4h hodc qua dém
25 1 3
40 2 2
55 3 1
c,e” _
E*= £ i(at-5) - E1 + lEz (1)
E'l= [(%coss) + (Zsing) = )
|IEX| = (gcos ) +(;sm ) =

Trong do: oo 1a ing suét tac dung doc truc 16n nhit (maximum stress), psi (kPa); o la
bien dang phuc hoi doc tryc 16n nhat (maximum strain), in/in (m/m); J 1a goc pha (d9), w la
van toc goc, va t |a thoi gian, (s).

Xay dung dwong cong chu (master curve)

Viéc xay dung duong cong chu (master curve) cua |[E*| dé c6 thé xac dinh duoc gia tri
|E*| tai nhiét d6 hay tan so bat ky. Puong cong chu master curve dugc xay dung tir quy tac
tuong quan tan so - nhiét do. Hinh 2 minh hoa nguyén 1y xay dung duong cong chu cua [E*|.
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Xay dung duong cong chii cua [E*| ¢6 y nghia kinh té-k§ thuat vi khong can lam thi nghiém
|E*| nhiéu nhung van c6 thé xac dinh duoc cac gia tri |E*| tai bat ky mirc nhiét d6/tan s6 mong
mudn. Phuong trinh dudng cong cha cta [E*| 1a mot ham hinh sin va do thi logarit cac hé sd
dich chuyén (shift factors) cua [E*| theo nhiét d6 dugc thé hién cong thire (3).

10,000,000 10,000,000 T T I I I
Gidi han m6 dun lon nhat/Limiting
maximum modulus 14°F
14F LW We—) -7 R i R (R P |
1,000,000 T 1,000,000 40°F | _u]
| Jo 7 ~
o 8 X A )
40°F e y . 70°F Puong cong chu
£ *x |70°F a
i 2 N
100,000
100000 > < 100 °F
100 °F
¢ A 130 °F
LAl Mxx‘
—t- 130 °F
100 AL e 10,000 —
0.000001 0.000001 0.0001 0.01 o 100 10,000 1,000,000 0000001 0000001 00001 0.01 o 100 10,000 1,000,000
Tan s6 twong duong/Reduced frequency, Hz Tan so trong dwong/Reduced frequency, Hz

Hinh 2. Nguyén ly xay dung dudng cong chi caa |E*| va duong cong chu cua |[E*|.

. (44
log | E" -8+ — s 3)
loga(T)=aT+bT +¢

Trong dé: |E*|1a MDPH dong (kpsi); 8, a, B, y va a, b, ¢ 12 7 thong s6 phu hop mé hinh;
t 12 thoi gian tac dung twong dwong tai nhiét do tham chiéu Tr (°F) () (duwoc Xac dinh theo
cong thirc 4); a(T) 1a hé sb dich chuyén tai nhiét d thi nghiém T (°F); t 1a thoi gian tac dung
clia tai trong & nhiét do thi nghiém (s); f 12 tan s6 tac dung cia tai trong tai nhiét do thi nghiém
(H2).

logtr = logt — (aT? + bT + c) 4)
Quy hoach thi nghiém

Céc bién dau vao cua thiét ké thyc nghiém bao gdm 4 bién: (1) Loai BTN gom 2 loai
(BTNC19 va BTNC12.5); (2) Phu gia c6 2 loai (KPG (dbi chimg) va CPG (8% nylon)); (3)
Nhiét d6 c6 4 mire (10 °C; 25 °C; 40 °C; 55 °C): (5) Tan s c¢6 6 mirc (0.1; 0.5; 1.0; 5.0; 10.0;
25.0 Hz). Téng sb thi nghiém 122 x 2 x 4 x 6 x 3 miu/td mau = 288 thi nghiém.

3. KET QUA THI NGHIEM VA THAO LUAN
3.1. M6 dun dan héi tinh (Edh)

Nhém nghién ciru da phan tich ANOVA dé xac dinh mirc ¢ anh hudng cua loai BTN va
phu gia dén MPDH tinh. Két qua cho thdy p-value cua cic bién nhé hon 0.05, hé s6 Lack-of-
Fit > 0.05 va hé s6 xac dinh diéu chinh R%. = 75.30% nén mo hinh c¢6 ¥ nghia thong ké. Hinh
3a) thé hién cac yéu td chinh anh huong dén Ean. Két qua cho thdy BTNC19 c6 MPPH cao
hon BTNC12.5. Két qua nay hoan toan phu hop véi 22TCN 211 — 06 [11], nghia 12 loai BTN
¢6 nhidu d4 dam hon s& ¢6 Eqn tinh cao hon. Ngoai ra, hinh 3a) ciing cho thiy, phu gia c6 anh
huéng rat 16n dén Eqn (thé hién bang do doc ciia dudng thang). Khi sir dung phu gia nylon ¢6
hiéu qua 16 rét dén MPDH tinh ctia BTN. Hinh 3b) so sanh gia tri Ean & khoang tin cdy (CI —
confident interval) 95%. C6 thé nhan thiy sir dung phu gia lam ting rd rét MDDH tinh ciia
BTN. Cac két qua thi nghiém cling dadm bao dé chum.
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Biéu d& anh hudng cac yéu té chinh dén E dh (MPa) Biéu dd E dh & 150C (MPa)
95% Cl gié tri trung binh
Loai BTN Phu gia
1000
£=0 914.632
= 800 787.693
< soo _
ﬁ g 600 Esgs.az
E 750 <
a w400
o
5
= 700 200
650 Phu gia KPG CPG KPG CPG
BTNCI9 BTNCI12.5 KPG CPG Loai BTN BTNC19 BTNCI2.5
a) Bic¢u do anh hudng cac yeu to chinh b) Biéu do tong hop Ean tinh

Hinh 3. Két qua so sénh Eg, tinh & nhiét d6 15 °C.

3.2. Mé dun dan hdi dong (Mr)

Két qua thi nghiém MPPH dong Mr dugc thé hién trén hinh 4. C6 thé thay, BTNC12.5
str dung 8% phu gia cO0 MDBDbH dong (Mr = 8207MPa) cao gap 1.422 lan so voi BTN doi

chimg (Mr = 5772MPa). B¢ phan tan cua két qua thi nghiém Mr khi st dung phu gia cting
thap hon so voi mau ddi ching. Véi két qua thi nghiém Mr, nhém nghién ctru kién nghi hé sd
khi thiét ké theo AASHTO93 ai=0.44 v6i BTNC12.5 phu gia va a=0.4 d6i véi BTN ddi

chung.

Bi€u d6 mé dun dan hdi déng Mr
95% Cl gia tri trung binh

— 8207
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Hinh 4. Két qua thi nghiém Mr BTNC12.5.

Biéu do: E*-BTNC19
95% Cl gia tri trung binh

Hinh 5. Két qua thi nghiém |E*| cia BTNC19.
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Biéu d6: E*-BTNC12.5
95% Cl gia tri trung binh

Soringwn Soringw Soriow Corinown

CPG
P

Hinh 6. Két qua thi nghiém |E*| cua BTNC12.5.

3.3. M6 dun phirc cia BTN

Hinh 5 va 6 tong hop |E*| cua BTNC19 va BINCI12.5 ¢ tat ca cac diéu kién nghién ciru
va bang 5 tap hop cac thong sd ‘duong cong chu xac 1ap duge. Két qua phan tich mé hinh
ANOVA (sau khi da loai cac bién khong co ¥ nghia thong ké&) c6 p-value cua cac bién nho
hon 0.05, hé s6 Lack-of-Fit > 0.05 c6 R%:c=95.90%. M hinh phan tich ANOVA cho thay loai
BTN, phu gia, nhiét do, tin s c6 anh hudng téi MPDH phirc ciia BTN.

Bang 5. Céc thdng sé caa duong cong chu.

TT Loai BTN ) a B Y a b c

1 | BTNC19-KPG 4526 | 1616 | 1.086 | 0.362 | -3.38E-04 | -0.032 | 9.942
2 | BTNC19-CPG 4544 | 1630 | 1.082 | 0.355 | -2.35E-04 | -0.038 | 9.943
3 | BTNC12.5-KPG 4678 | 1340 | 1.266 | 0.458 | -2.32E-04 | -0.043 | 9.876
4 | BTNC12.5-CPG 4704 | 1395 | 1.244 | 0377 | -3.15E-04 | -0.024 | 9.854

Hinh 7 thé hién cAc yéu t6 anh hudng dén |E*|. Phan tich tir hinh 7, nhém nghién ctru c6
mot $6 két luan nhu sau. (1) Loai BTN: BTNC12.5 ¢6 |[E*| cao hon BTNC19, tuy nhién su sai
khac khong nhiéu thé hién bang d6 dbc dudng thang. (2) Loai phu gia: BTN st dung 8% phu
gia nylon ¢6 [E*| cao hon so voi BTN déi ching khong phu gia. BTN st dung phu gia c0 [E*|
cao hon trung binh khoang 1.2 1an khi khong str dung phu gia ¢ tat ca cac diéu kién nhiét do
va tan s6. Dleu nay ching t6 hiéu qua cua phu gia trong hén hop BTN. (3) biéu kién nhiét do
anh huong rat 16n dén |[E*|, khi nhiét d6 tang 1én thi [E*| giam di rat nhanh. (4) Tan s cang
16n thi thoi gian tac dung cang nho dan dén [E*| cia BTN cang 16n. Trong cac yéu té chinh thi
nhiét do thi nghiém c6 anh huong 16n nhat dén MPDH phirc, diéu nay giai thich tinh dan nhét
ciia BTN. Anh hudng twong tac ciia cac yéu té co ban 1a nhu nhau.

4. KET LUAN, KIEN NGHI VA HUONG NGHIEN CUU TIEP TUC

Trén co so cac két qua thi nghiém duoc phan tich théng ké dam bao mirc d tin cay 95%,
nhom dua ra cac két luan, kién nghi nhu sau:

Két qua thi nghiém dbi véi MDDH finh (Ean) cho thiy BTNC19 ¢6 MPPH cao hon
BTNC12.5. Két qua nay hoan toan phu hgp vai tiéu chuan hién hanh 22TCN 211 — 06 (loai
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BTN c6 nhiéu da dam hon s& co MPDH tinh cao hon). Hon nita, két qua thi nghiém ciing
ching minh viéc sir dung phu gia nylon lam tang ro rét MPDH tinh cia BTN.
Céc yéu t6 chinh anh hudéng E*

Fitted Means

Loai BTN Phu gia Nhiét do Tan s6
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a) Biéu d0 anh hudng cac yéu té chinh

Anh hudng tudng téc cac yéu t6 dén E*

Fitted Means
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b) Biéu d6 anh hudng twong tac

Hinh 7. Phan tich cac yéu té anh huong [E*|.

Trong bai b&o nay, khi thi nghiém véi MDDH dong (Mr) thi thay rang BTNC12.5, khi st
dung 8% phu gia, BTN c6 MPDH dong cao gap 1.422 lan so voi BTN ddi chimg. Ngoai ra,
v6i két qua thi nghiém Mr, nhém nghién ciru kién nghi hé sé khi thiét ké theo AASHTO93
ai=0.44 v6i BTNC12.5 phuy gia va ai=0.4 d6i v6i BTN d6i chimg.

Dbi v6i MPPH phirc, két qua cho thdy BTNC12.5 ¢d [E*| cao hon BTNC19, tuy nhién
su sai khac khong nhiéu. BTN st dung 8% phu gia nylon c6 |E*| cao hon so voi BTN dbi
chimg khong phu gia (trung binh khoang 1.2 lan khi khong sir dung phu gia 0 tat ca cac dicu
kién nhiét do va tan sd). Piéu nay chung t6 hiu qua cua phy gia trong hon hop BTN. Cung
v6i @6, didu kién nhiét do anh hudng rat 1on dén |E*|. Khi nhiét d6 ting 1én thi |E*| giam di rat
nhanh. Tan s6 cang 16n thi thoi gian tac dung cang nho din dén [E*| cuia BTN cang 16n. Trong
cac yéu to chinh thi nhiét do thi nghiém cé anh huéng 16n nhat dén MPPH phuc, diéu nay
giai thich tinh dan nhét cua BTN.

Céc két qua nay cho thdy, viéc sir dung phu gia phé thai nylon c6 thé cai thién cac chi tiéu
co ly ctiia hon hop BTN, cu thé 1a c4c loai MPDH caa BTN. Tuy nhién, & ap dung duoc vao
trong thuc tién xay dyng mat dudng & Viét Nam, trong tuong lai nhdm nghién ctru sé tiép tuc
tap trung vao mot s6 van dé sau: (1) Nghién ciru tac dung ciia phu gia phé thai nylon dén kha
ning chéng han lun vét banh xe, chdng nit moéi cia BTN; (2) Nghién ciru d6i véi nhiéu
loai/gdc d4 khac nhau; (3) Trién khai nghién ciru thyc nghiém hién truong.
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