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Phuong phap tinh todn mat duong
bé tong xi mang hé nhiéu 16p, c6 xét anh hudng
clia chiéu day I6p céch ly gilra cac 16p
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TOM TAT: Noi dung bar bao giér thiéu co s& Iy
thuyét tinh toan hé nhiéu 16p két cdu mat dueng
cing, cho phép xét dnh hudéng cua chiéu day lop
cach ly dén phan bé lar ndi luc trong cac lop, lam
co s lua chon cdu tao lop cach ly trong két cau
mat dudng & 16 va sén bay.

TU KHOA: Mat dudng cung bé 1ong xi mang
nhiéu 10p, lop cach ly, Ung suit kéo udn trong tim
bé téng x mang

ABSTRACT: This paper presents the theoretical basis
for calculatng mulh-layer system in ngid concrete
pavements with considenng the effect of the isolation
layer thickness on infernal force redistribution in layers,
as a basis for selection of structure of the isolation
layer in road and airport pavements

KEYWORDS: Multi-layer ngid concrete pavement,
1solation layer, flexural stress in cement concrete
pavement

1. OAT VAN DE

Viéc phat tnén nhu cdu vén tai hang hoéa trén hé
théng giao thong ngay cang tang dan dén nhu cau ting
cudng Jau tu xdy dung két cdu mat dudng mdi, dau
nang cap mat dudng ci, trong @6 c6 két cdu mat dusng
bé tong xi mang (BTXM) duoc uu tién lya chon cho cac
tuyén duang cao té¢ ¢6 luu ugng truc xe tuu thong lan,
cc tuyén Audng c6 nhiéu truc xe nang luu hanh, cho mat
dudng san bay. Theo Quyét dinh s6 3230/QD-8GTVT, quy
dinh vai két cdu mat duding <o luu luong giao thong 16n,
bat budc lop mong trén phai dugc lam t vat liéu bé tong
nghéo, cat - d4 gia ¢4 xi mang, tao ra |op vat liéu ¢o do
<unglon, cing tham gia ¢hiu luc vai lop mat. Khi d6, tinh
két cau theo s 46 hé hai lop, chdp nhan 1op méng trén
cung tham gia chiu kéo udn vai I6p mat.

Dé 16p bé téng trén co din ty do van lap méng dudi
khi dan nd nhiét, triét tiéu Iuc ma sat gida cac lap, trong
cac quy trinh thiét ké cua cac nudc déu quy dinh bat
buéc phadi bé tri lap cach ly gita céc 18p. Trong [1,6,8,9)
deu quy dinh st dung 16p cach ly ty cac loai vat ligu dé
bién dang nhu 1 - 216p gidy dau, Idp bitum cat day khang
qué 5 mm, lop da bitum day khong qua 1,5 cm. Trong [4),
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do diéu kién khi hau cua My khdng qua ndng néng, nén
quy dinh cho phép st dung I6p cach ly tis bé tong nhya
(BTN) néng, day khong qud 2 inch (~5 ¢m). Trong [10]
vdi diéu kién khi hau trén hau hét 1anh thé Trung Quéc
khong qua ndng ndng nén quy dinh st dyng 16p cach ly
tlt bé tong nhya chat (BTNC) ¢é chiéu day téi thiéu 4 cm,
& Viet Nam, tinh toan thiét ké mat dudng cung hai lép
theo Quyét dinh s6 3230/QD-BGTVT [2] trén ¢a s& tham
khao quy trinh thiét ké cua Trung Quéc [10), da dua ra
cac cong thuc tinh todn, chiéu day cac lgp cach ly quy
dinh sur dung vat lieu BTNC day khdng dudi 3 em. Khi da
sir dung (0p cach ly gilfa cac ldp bé téng, nén trong tinh
toan thiét ké éu chap nhan gid thiét ca¢ 16p bé tong 1am
viéc hoan toan doc 1ap véi nhau, tinh todn két cdu véi hé
hai 16p chiu udn. LAp BTNC chi d6ng vai trd 13 18p cachly,
khang xét tham gia chiu luc véi két cau.

Nhu vay, van dé dat ra can lam 16 & day 13, trong
diéu kién khi hau ndng néng cda Viét Nam, néu st dung
16p cach ly bang BTNC, khi & nhiét do cao, cuding do s&
bi suy gidm, néu s dung lp BTN c6 chiéu day 16n sé
gay ra bién dang I6n, khi a6 bién dang ca 16p cach ly
€6 gay ra sy phan bd lai noi luc trong cac 16p hay khong.
Trong bai bao, tac gid trinh bay <o s& Iy thuyét tinh todn
két cdu mat dudng BTXM nhiéu lap, lam co sé tinh toén
danh gi& dnh hudng clia 16p cach ly dén viec phan b
ndi luc trong cac 1dp, A& danh gia dnh hudng cla bién
dang lop céch ly dén noi Iyc trong cée 16p, lam can ¢
lyya chon chiéu day va cudng 4o 1op cach ly hop Iy, gép
phan nang cao suc chiu tai cia két cdu 4o duang, ting
tudi tho mat dueing BTXM.

2. CO SU TINH TOAN HE NHIEU LGP KET CAU
MAT DUONG CUNG DUONG O TO VA SAN BAY

Trong thuc té, két cdu mat duang ciing nhiéu 14p co
thé sif dung gidi phap cdu tao lién két giva cac lop:

- Lién két céc 1op dang dinh chjt {cac 16p trang két
c3u mat dudng cing 1am viéc nhu mat 14p);

- Lién két dang nura dinh {cdc lap trong két cdu
mat duang tiép xuc truc tiép, gida cac lop khang c6
1dp cach ly);

- Lién két dang s dung lop céch ly (quua cac l6p
trong két cdu mat dusng <6 16p phan cich, luc ma sat
gida cac lop nhd, céc 1p lam viéc hoan toan dac lap
vai nhau).



3 nhiing nudc c6 khi hau néng néng nhu & Viét
Nam, dé gidm thiéu téc dong cua luc ma st gida cac lop
1am tang (ng suat kéo udn trong céc 1dp BTXM do tam
BTXM bi can trés co dan khi nhiét d6 thay d4i, giai phap
duoc lva chon 13 sirdung 13 bo trildp cach ly gita cac 1dp.

Khi gilra cac lop trong két cdu mat Buéng co 1op
cach ly, cdc 19p sé lam viéc hoan toan 8dc lap véi nhau,
cung chiu uén dudi tdc dung cda tai trong banh xe. Khi
a6, theo ly thuyét tdm mong, ta ¢6 hé phuang trinh vi
phén hé nhiéu 19p, thi du vdi hé hai lop nhu sau [8).
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Trong dé:

w, w, - D9 vdng cac I6p trén (tam BTXM) va lap dudi
(l6p mbng tham gia chiu kéo udn) trong két cdu mat
dudng do tdi trong gay ra;

q(xy) - Ap Iufc banh xe tc dong lén mat tim trén;

D,. D, - Tuong Ung 13 d6 cing udn try 16p trén va
16p dudi;

C - Hé 58 ma-dun phan luc nén tuong duong (hé sé
nén twong duong), tinh tir Idp mong ndm dudi l6p méng
trén trd xudng va 18p nén tu nhién.

C,,- Hé s6 cung cla 16p cach ly, gid thiét tuan theo
quy luat hé s6 nén, khi d6 theo ly thuyét dan héita cé:

¢ aEdi=ni) 2
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VG E,, . h, - Lan luot 13 md-dun dan hdi, hé s6
poisson va chiéu day cua lop cach ly.

Mé hinh nén tinh theo mé-dun phan lyc nén
hién dang dugc s¢ dung trong cac quy trinh thiét ké
dudng cua My (AASHTO 1998), quy trinh thiét ké san
bay clia ICAO, quy trinh thiét ké san bay cua Viét Nam
(TCYN10907/2015). M6t s6 quy trinh st dung mo hinh
nén |a ban khong gian dan héi, cudng dé cva nén dugc
dac trung bAng mo-dun dan héi E, Gida dai luong mo-
dun d@an héi nén va hé s6 mo-dun phan luc nén, ¢6 quan
hé nhu sau:

Theo AASHTO 1993:E, = 19,4.C, E)

Véi: C,- Hé s6 mo-dun phan lyc nén (Pci);

E,-Mo-dun dan héi nén, (Psi), 1 Psi = 0,007 MPa.

Theo Cuc Hang khong Lién bang My (FAA):

E,.=26C" (4)

Vii:

E,, .- MO-dun dan hdichung cia mong va nén (MPa);

" - He 56 nén tuang duang (MPa/cm).

Can luu y |a trong cac quy trinh tinh toan mat dudmg
cung hién nay & nudc ta quy dinh, tinh két cdu mat dudng
ciing vdi tac dung tinh cla tai trong, nén cac dai lugng
mé-dun phan Iy¢ nén (C) hoac moé-dun dan héi cua nén
(E,) déu Jay 13 mo-dun phan lyc nén tinh va mo-dun dan
héi tinh ca nén.

Hé phuong trinh (1) ¢6 hai phuong trinh, val hai an la
a6 véng l6p trén va l6p dudi trong két cdu mat dudng, Sau
khi gidi hé phuong trinh (1), xac dinh duoc d6 vong céc Iop,
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sé tinh Sugc mé-men udn va ung suat kéo udn trong cac
1Gp bé tong theo cdc cong thuc cda ly thuyét tam mdng:
Lép trén theo phuang x

M :—D,{ g
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Vi: b - Chiéu rong daitinh toan 1ay bdng 1; h - Chiéu
day tam BTXM;

D,.D,- Tuong Ung la d6 cing udn tru clia cac 16p.

Phuong trinh vi phan (1) 1a viét cho hé hailép, cing ¢6
thé viét tuang ty véi hé nhiéu Idp cung chiu udn nhu trén.

Tu phuong trinh (2) cho thay, st dung 16p céch ly
€6 chiéu day (h,) hoac 6 cudng do (E,) khac nhau, khi
gidi hé phuang trinh (1) sé nhan dugc cac gia tri dd vong
cUa cac lap khac nhau, c6 nghia 1a gié tri dai lugng Ung
suat kéo udn trong cac 1op cing sé khac nhau. Lop cach
ly ¢6 chiéu day cang ldn, hodc c6 ma-dun dan héi cang
nho, sé lam gidm a6 lon ca dai lugng hé s6 do cing C,
khi d¢ sé lam tang do vong cua Idp trén trong két cdu
méat dudng, 1am tang ung sudt kéo uén trong I6p nay. Vi
vay, trong cac quy trinh thiét ké cba cac nudc, déu duara
cac quy dinh chat ché vé c3u tao cua Idp cach ly, thdng
thuding st dung 16p cach ly béng mot dén hai lép gidy
dau, mot 1dp cat nhua day 0,5 cm hodc bang I6p SAMI
day trung binh 1,5 ¢cm hodc bé téong nhua hat min ¢é
chiéu day khong qua lgn.

3. NG DUNG TINH TOAN KET CAU MAT DUONG
CUNG HE HAILOP

DéE tim 1di gidi hé phuong trinh (1), trong bai bao su
dung phuang phap sai phan hiu han, Phuong phap sai
phan hu han 13 phuong phap gan dlng vé todn hoc,
thay cdc @ai lugng vi phan bsng cac dai luong sai phan,
dé tinh cac gia tri d6 vong lop trén va |op dudi cia két
cdu mat duong w,(d6 vong lop trén - tam BTXM), w, (46
vong l6p méng tham gia chiu kéo udn cling tam BTXM)
trong hé phuong trinh (1), tU do tinh todn xac dinh Ung
sudt kéo udn cba cac I8p theo cac cong thic (5), (6).
Trong pham vi bai bao, tac gia da xay dung chuong teinh
tinh mat dudng bé tong hai lop (Multi-Layer Concrete
Pavement - MLCP), phdn mém sif dung ngon ngd lap
trinh Visual - Basic 6.0.

Vit 1] Vin2
ptxy) B(txTy)
1yt whrves

(e mxn) ;

= OxAx
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I
(L. B - Kich thude 18m BTXM, chon I3y Ion hon duong kinh chdu vong)
a) - M&1 cd1 dung har ip: b) - M&1 bAng chia lud 10p trén
{1rung van ldp dutr)

Hinh 3.1: S0 d6 chia i sai phan 16p trén

Ludi sai phan duoc chia theo UG 6 vudng, c6 budc
U1 Ax, Ay theo cac truc x va y. S6 luong nut Iuai chia a0
I6n (dé kich thudc tam tén han dudng kinh chau véng),
sa30 cho théa man diéu kién bién: khi tai trong dat tai
tam tam, thi tai vi tri gan canh tdm, cac 46 vong co gia
tri bang 0, ¢6 nghia 1a diéu kién lién két tai bién tim sé
khang dnh hudng dén két qud tinh. D3 chinh xac clia két
qua tinh phu thugc khodng cach budc tuéi chia, trong
tinh todn dé 8dm bao dé chinh xa¢, theo (3) khuyén nghi
13y budc Iudi ax, By x3p i bdng chidu ddy tam BT.

Tai cac vi tri dat tai, vé phai cda phuong trinh (1) ¢6
gi tri bdng 4p luc q, cdn tai cac vi tri khac khong c6 tai
trong, vé phai ¢4 gia tri bang 0.

Trén Hinh 3.1 thé hién sa d3 chia ndt UGi cho lap
trén, gém m nut fudn trén truc x va n nut ludi trén trung
y. D&i véi 16p dudi, yéu cdu khodng cach va vi tri cac nit
tuang tu nhu IGp trén. Dién tich truyén ta trong 1udi sai
phan dy 13 hinh vudng c6 cac canh Ax = Ay, song cé dién
tich bang dién tich thue té clia banh xe trén mat dudng,
13 hinh tron ¢6 duéing kinh D, ap luc q.

Néu chia n nat luér theo truc y va m nut ludi theo
truc x, ta sé nhan duoc hé phuong trinh gém 2(nxm)
phuonag trinh sai phan viét cho hai 1dp, vdi 2(nxm) an 56
13 cd¢ 86 vong cua cac nut Iudi cda 18p trén va Idp dudi,
Vi tri 3¢ Nt (Ui t3m trén va tam dudi tring nhau, t¥ dé
tinh dugc gia tri 6 vang ting nut va Ung sudt kéo udn
tai cac nut luai.

Trong thi dy si dung 10p cach ly <6 chiéu day nhd,
vai 56 lidu dadu vao tinh toan nhu sau:

-L8p 1:Tam BTXM lam méi ¢o:

E, = 30.000 MPa; 1 =015:R, =4 Mpa;h =20 cm,

-Lap cachly:

E=30Mpa: p=0,25:h, = 0,3 cm, bdng hai lop gidy
déu theo quy dinh TCVN 10907.

- Ldp 2: Lop mong bé tong nghéo:

€,=25.000 MPa; 1 =0,15; R =2,5MPa; h =20cm.

- Trén 16p mong dudi va nén ¢6:

E, =40Mpa.

- Tai trong tinh to4n:

Tai trong truc xe tnh todn 12T, tai trong banh xe 6T,
hé s xung kichk=1,2

Ap luc banh xe: q = 0.6 Mpa.
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N

Két qUa tinh todn thé hién trén Bdng 3.1, Hinh 3.2va
Hinh 3.3 dudi day.
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Hinh 3.3" Bigu 0) tng sudt kéo ubn cua 16p rén v 16p dudt
Trong bai bao cang trinh bay két qué tinh todn dng
sudt kéo udn trong 16p bé tong theo cac phuong phap
tinh trong TCVN 10907/2015, theo quy trinh thiét ké 4o
dudng cung cla Nga (BCH 197-91) va theo 16i gidi ban
thuc nghiém cUa Westergaad, vdi cung s6 ligu dau vao
nhu trén. Két qua thé hién trén Bdng 3.2.
Bing 3.2. So s&nh két qua tinh Ung sudt kéo udhn I6n nhét

t3i d3y gia tam BTXM bing cé¢ c phuong phip khic nhau

[ tng sust ko uén | 50 s4nh che phusamg |

PPUnh | 1dpBTXM (Mpa) | phapvet pp déxus |
“ppaéxuit 000%
%
H197:91 132%
 Theowestergad _ T20%

Nhgn xét: Trong tinh toan, sif dung 16p cich ly bang
16p gidy ddu c6 chiéu ddy mdng, k€l qua tinh toan theo
phuong phap tinh dé xuat tuong duong véi cic phuong
phap tinh hién c6 trong cac quy trinh thiét k& hién nay,
nén phuong phép tinh dé xuat dam bic 66 tin cdy. Khi
sU dung 16p cach ly bang lop bitum cét day 0,5 om, véi
16p SAMI day 1,5 cm thi két qué tinh do véng va Ung sust
kéo udn trong 16p BTXM cing tuang tu véi truang hop
sirdung I6p cach ly bing hai 16p gidy dsu nhu Bong 3.5,



4. KHAO SAT ANH HUONG CHIEU DAY LOP
CACH LY LAM BANG BTNC DEN UNG SUAT BIEN
DANG TRONG TAM BTXM MAT DUGNG

Quyét dinh $4 3230/2012/QD-BGTVT quy dinh, trén
mat |ép méng trén bang bé tong ngheo hoac bé tong
dam |3n phai rdi mét Idp cach ly day ti thiéu 3.0 cm bang
BTNC. Bai bao trinh bay két qud khao sat danh gid anh
hudng cta chiéu day Iop cach ly @én phan bé néi luc
trong cac [dp trong diéu kién khi hau cla Viét Nam.

Gia tri mé-dun dan héi cda 16p BTN loai ¢ot liéu
nhom A, phy thudc nhiét do trong pham vi tir 10 dén
65°C, ¢o thé duoc xac dinh theo cong thuc [9):

Eqpy = -6T+600, )

Voi:

Ep.- M6-dun dan héi BYN & nhiét do tinh toén, MPa;

T - Nhiét do tinh toan, °C.

Vao mua he, nhiing ngdy ndng néng, nhiét 46 bé
mat i&p BTXM c6 thé dat 16i 65 - 67°C, véi tAm BTXM c6
chiéu day trung binh 22 - 23¢m, khi d0 nhiét @6 tai day
16p BTXM chinh 13 nhiét d6 cua 16p cach ly, duoc xac dinh
theo Quyét dinh s6 3230/2012/QD-BGTVT:

To =T, = 0865 = 67-086.23= 472" C (8)

Khi @6, mé-Aun dan hér BTN ¢ 47,2°C tinh theo (7)
bang 310- 315 Mpa.

Thay gia tn mo-dun 83n héi lép BTNC bang 315
Mpa va tinh vdi vai chiéu day 10p cach fy tu 3 - 6 cm, vao
chuong trinh tinh MLCP, véi céc 56 liéu ddu vao tinh todn
tuong ty néu tai muc 3, nhan duac d6 vong va Ung suat
kéo udn trong dp BTXM thay ddi theo chiéu day 5p BTN
ti 3-6 cm theo bang sau:

B8dng4 1. K{ t qui tinh todn lép BTXH
Chidudaylép | B6vanglop | Ung sudt kéo udn
| cachly BTNC (cm) | BTXM(cm) | 16p BTXM (Mpa)

3 o133 1,510
4 0135 | 1552
s o016 | 1587
6 0137 | 615

Nhdn xét: Qua 6 liéu tinh toan theo bang trén cho
thdy, & muc nhiét do ving ndng néng, mat tadm BTXM &
65 - 67°C, gi& tri A6 vong va ung suat kéo udn lgp trén
khi chiéu day l9p cdch ly tang tir 3 ¢cm 1én 6 cm, muc do
tang @0 vang tang 3%, Ung suat kéo udn tang 7,3%. Khi
16p céch ly cé chiéu day nhé khong qua 3 cm, két qua
tinh A9 vong va ung suat kéo udn trong I6p BTXM ¢6 gia
tri tuong ty voi két gua tinh cho trudng hop Iop cach ly
bang hai lap gidy dau theo 8dng 3.1.

5. KET LUAN VA KIEN NGHI

- Phuong phép tinh @é xuat cho phép tinh todn xac
dinh duoc trang thai ung suat - bién dang cla tung lop
trong hé két cdu mat dudng ciing nhiéu ldp. Két qua tinh
todn dam bdo do tin cay.

- Phuang phap tinh dé xuat cho phép xét dugc anh
hudng chiéu day va cudng d6 1dp cach ly dén phan bé
ndi luc trong cac lop, 1am can cu lya chon cau tao hop ly
c4c 13p trong két cau mat dudng cing nhiéu lgp.
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- T két qua trén cho thay, trong diéu kién khi hau
ndng ndng cua Viet Nam, khi sir dyng |6p céch ly bdng
BTNC c6 chiéu day lon hon 3 cm thi bién dang cba lop
cach ly 6 anh hudng dang ké dén do vang va Ung suat
kéo un trong IGp BTXM.

- Kién nghi khi s dung 16p cach ly bang BTNC trong
két cdu mat dudng BTXM nhiéu 16p trong diéu kién khi
hau ndng nong cua Viét Nam, chiéu day lop BTNC chinén
13y khong day qua 3 ¢cm.
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