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Phaong phap tfnh toan mat duong 
be tong xi mang he nhieu lop, cd xet anh huong 
cua chieu day lop each ly giCra cac lop 

I ThS. NCS. PHAM DUY LINH;TS. VU DUfC SY - TrUdng DaihocGiao thdng vdn tdi 
I GS. TS. PHAM CAO TH ANG - Hoc vien Ky thuat Qudn sir 

TOM T A T : Npi dung bai b io gidi thieu co sd ly 
thuyet tinh toan h$ nhieu Idp ket cau mSt duong 
cung, cho phep xet inh hudng cua chieu day Idp 
c ich ly den phan bd lai npi luc trong cac lop, lam 
CO sd lua chpn cau tao Idp each ly trong ket cau 
m5t dudng 6 to va san bay. 

TC/ K H 6 A : Mat dirong cdng bd tong xi mSng 
nhieu lop, lop each ly, dng suat keo uon trong tam 
be tong xi mang 

ABSTRACT- This paper presents the theoretical basis 
for calculating multi-layer system in rigid concrete 
pavements with considering the effect of the isolation 
layer thickness on internal force redistribution in layers, 
as a basis for selection of structure of the isolation 
layer in road and airport pavements 

KEYWORDS: Multi-layer rigid concrete pavennent, 
isolation layer, flexural stress in cement concrete 
pavement 

I.OATVAND^ 
Vile phi t tnen nhu elu van t i i hang hda tren he 

thdng giao thdng ngiy cing t ing dan d i n nhu eau t ing 
cudng dau tu xiy dung ket eau mi t dudng mdi. d iu tu 
n ing d p mi t dddng cu, trong do ed k i t cau mat dudng 
be tdng xi ming (BTXM) duoc Lfu tien lUa chpn cho cic 
tuyln dudng cao tde ed luu lupng trye xe luu thdng Idn, 
cic tuyln dudng cd nhi lu true xe nang luu hinh, eho mat 
dudng sin bay. Theo Quylt dinh sd 3230/QO-BGTVT, quy 
djnh vdi ket eiu mat dudng ed ILTU luong giao thdng Idn, 
b i t budc Idp mdng tren phi i dUpc l im td v i t lieu be tdng 
nghio, c i t - d i gia cd xi ming, tao ra Idp vat lieu cd do 
cdng Idn, cung tham gia chiu lUc vdi Idp mat. Khi dd, tinh 
k i t cau theo so do he hai ldp, chap nhin Idp mdng t r ln 
cung tham gia chiu keo udn vdi ldp mat. 

De Idp be tdng t r ln eo d in tu do vdi ldp mdng dudi 
khi d in nd nhilt, t r i | t t i lu lUc ma sit gida eic Idp, trong 
cac quy trinh th i l t k l cua cic nude deu quy dinh b i t 
budc phl i bo tri Idp cich ly giCfa eic ldp. Trong [1,6,8,9] 
deu quy dmh sCf dung Idp eieh ly td cle loai vat lieu de 
bien dang nhu 1 - 2 ldp giay dau, ldp bitum el t d iy khdng 
qu i 5 mm, ldp d l bitum day khdng qu i 1,5 em. Trong [4], 

do dieu ki ln khi h lu cua My khdng qu i ning ndng, n ln 
quy dinh cho ph ip sd dyng Idp cich ly td b l tdng nhua 
(BTN) ndng, d iy khdng qu i 2 inch (~5 cm). Trong [10] 
vdi d i lu k i ln khi hau tren h lu h i t l inh thd Trung Qu6e 
khdng qua n ing ndng n ln quy djnh sd dyng Idp cich ly 
tLT b l tdng nhua chat (BTNC) ed chieu day toi th i lu 4 cm. 
6 Vi l t Nam. tinh toan th i l t k l m i t dUdng cdng hai Idp 
theo Quylt dinh sd 3230/QD-BGTVT [2] tren cO sd tham 
khio quy trinh thiet ke eua Trung Qu6c [10], d l dua ra 
cie edng thdc tinh to ln , chilu d iy cic ldp cich ly quy 
djnh sd dung v i t lieu BTNC day khdng dUdi 3 cm. Khi d l 
SLf dung ldp elch ly gida c^c Idp b l tdng, nen trong tinh 
to in th i l t k i d l u chap nhin g i i thiet cie ldp b l tong l im 
viec hoin toan ddc l i p vdi nhau, tinh to in k i t eiu vdi h i 
hai Idp chju udn. Ldp BTNC chi ddng vai trd l i ldp cich ly, 
khdng x l t tham gia chju lUe vdi k i t c lu. 

Nhu viy, van d l d i t ra e in l im rd d d iy l i , trong 
d i lu k i ln khi h iu n ing ndng eua Viet Nam, n lu sildyng 
Idp cich ly b ing BTNC, khi d nhi l t dp eao, cudng dp s i 
bj suy g i lm, neu sd dyng Idp BTN ed chilu d ly Idn se 
g iy ra b i ln dang Idn. khi dd b i ln dang cua Idp cich ly 
cd g iy ra sU phin bd lai npi lUe trong cie ldp hay khdng. 
Trong b i i bao, t ie g i l trinh bay co sd ly thuyl t tinh to ln 
k i t c lu mat dudng BTXM nhieu ldp, l im eO sd tinh to in 
d inh g i i i nh hudng eCia Idp each ly d i n viec phin b6 
npi luc trong cac ldp, d l d inh g i i Inh hudng cua biln 
dang Idp cich ly den ndi lUe trong cic Idp, lam c in ed 
lua chpn chilu d iy va cudng do Idp each ly hpp ly, gdp 
phan n ing cao sdc chju t l i cCia k i t cau l o dudng, t ing 
tuoi thp mat dudng BTXM. 

2. CO sd TfNH T O A N H E N H I E U LCfP K^T cAU 
MATOUCfNG CUTNGOUflfNG 6 T 6 VA S A N BAY 

Trong thUc t l , k i t cau mat duong cdng nhi lu ldp cd 
t h i SLfdung gi l i phip cau tao l i ln k i t gida eic Idp: 

- Lien k i t eic ldp dang dinh chat (eie Idp trong k i t 
cau mat dUdng cung l im viee nhu mdt ldp); 

- Li ln k i t dang nda dinh (cac ldp trong ket cau 
mat dudng t i l p xuc trUc tiep, gida cle ldp khdng ed 
idp cich ly); 

- Lien k i t dang sd dung Idp eieh ly (giQa c ic idp 
trong k i t cau mi t dudng cd top ph in eieh, lue ma si t 
gida cle ldp nhd, cic Idp l i m viec ho ln to in ddc lap 
vdi nhau). 
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d nhiJng nude ed khi h iu ning ndng nhu d Viet 
Nam, d l g i lm thieu t i c ddng cua lUc ma sat giiJfa cie Idp 
l im t i ng dng suit k lo udn trong cic ldp BTXM do tam 
BTXM bl ein trd eo d in khi nhi l t dp thay doi, giai ph ip 
dupe lua chpn l i sddung 11 bd tri ldp cich ly giOa cic Idp. 

Khi gida cle ldp trong k i t eau mat dudng cd ldp 
elch ly, cic ldp se l im vi lc hoan toan ddc l i p vdi nhau, 
cCing chju udn dudi t ie dung eua t i i trong banh xe. Khi 
dd, theo ly thuyl t tam mdng, ta ed he phuong trinh vi 
phin h i nhtlu ldp, thi dy vdi h i hai ldp nhu sau [8]. 

DA r + 2 -
e.x'dv' 

oy 
.,) = 9Uv); 

C.,(vi' ' • : ) • 

Trong dd: 
W| Wj-Dp vdng eic ldp t r ln (ti'm BTXM) v i ldp dudi 

(Idp mdng tham gia ehiu keo uon) trong k i t cau mat 
dudng do t i i trpng g iy ra; 

q(x,y) - Ap lue binh xe t ie dpng len mat tarn t r ln ; 
D,, D j " Tuong Cfng l i dd cufng udn try ldp tren v i 

ldp dudi; 
C - He sd md-dun phin ldc nen tUOng duong (he sd 

n ln tuong dUong), tinh td Idp mdng n im dudi Idp mdng 
tr ln trd xudng v l Idp n ln tU nhi ln. 

C î- He sd CLfng cOa Idp cich ly, g i l th i l t tu in theo 
quy luit h i sd n ln , khi dd theo ly thuyet dan hdi ta ed: 

C r (2) 

Vdi: E |̂, , \^ - Lan luot l i md-dun dan hoi, he so 
poisson v i chieu day eua ldp cich ly. 

Md hinh n ln tinh theo md-dun phin lUc n ln 
hi&n dang dupe sCf dyng trong cac quy trinh th i l t ke 
dudng eua My (AASHTO 1998), quy trinh thiet ke sin 
bay cCia ICAO, quy trinh th i l t k l san bay cua Viet Nam 
(TCVN10907/2015). Mdt sd quy trinh sCf dyng md hinh 
n ln 11 b in khdng gian dan hoi, cUdng dp cua nen dupc 
die trung b ing mo-dun dan hoi Ê . GiCfa dai luang md-
dun d in hdi nen va he sd md-dun phan lUe nen, ed quan 
h i nhu sau: 

Theo AASHTO 1993: Ê , = 19,4.C„ (3) 
Vdf:C(j-He sd md-dun phin lUcnen(Pci); 
E„- Md-dun dan hdi nen, (Psi), 1 Psi = 0,007 MPa. 
Theo Cyc Hing khdng Liln bang My (FAA): 
£^„=26.c;^'^ (4) 
Vdi: 
E î̂ -̂ Md-dun d in hdi chung cua mdng va nen (MPa); 
^chm' ^^ ^° " ^ " tuong duang (MPa/em). 
Cin luu y I I trong eie quy trinh tinh toan mat dudng 

cdng h i ln nay d nude ta quy dinh, tinh ket cau mat dudng 
cOTig vdi t i c dyng tinh cua t i i trpng, nen eac dai lupng 
md-dun ph in lUc n ln (C) hole md-dun dan hdi eCia n ln 
(EQ) d Iu l ly l i md-dun phin lUc n ln tinh v i md-dun dan 
hdi tTnh eua n ln . 

He phuong trinh (1) ed hai phuong trinh, vdi hai an la 
dp vdng Idp t r ln v i ldp dudi trong ket cau mat dudng. Sau 
khi gi l i he phUong trinh (1), xic dinh dupe dp vdng cie ldp. 
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se tinh dupe md-men udn v i Cfng suat keo udn trong eie 
ldp b l tdng theo eic cdng thdc eua ly thuyet tam mdng: 

Ldp t r l n theo phuang x 

M'= 

, 6.U' 
Oi„ = — 

bJi-

Ldp dudi tuong tU: 

dy' 

M: -D. 

6.M: 
' b.h-

Vdi: b - Chieu rdng d i i tinh to ln lay b ing 1; h - Chieu 
d iy t i m BTXM; 

D,, Dj-Tuang ufng l i dp cufng udn tru cua cac ldp. 
Phuong trinh vi phin (1) la vi l t cho h i hai ldp, cung cd 

the vi l t tuong tuvdi he nhieu Idp eung chiu udn nhutren. 
Td phuong trinh (2) cho thay, sd dyng Idp cich ly 

cd chi lu day (h^) hoic ed eUdng do (Ê ,) khae nhau, khi 
gilt he phuong trinh (1) se nhin 6uac cic gia trj dd vdng 
cua cie Idp khac nhau, cd nghia l i g i i trj dai lUpng dng 
suat keo udn trong eic Idp cCing s i khie nhau. Ldp cich 
ly cd chilu d iy c ing idn, hole cd md-dun d in hdi c ing 
nhd, se lam g i lm dp Idn eua dai lupng he sd do cdng Ĉ ,, 
khi do se l im tang dp vdng cCia Idp t r ln trong k i t c lu 
mat dudng, lam tang ufng suit keo uon trong Idp nay. Vi 
viy. trong eic quy trinh thiet ke eua cac nude, deu dUa ra 
cic quy dinh chat che v l cau tao cua Idp each ly, thdng 
thudng sd dyng Idp cich ly b ing mot den hai Idp giay 
dau, mot ldp cat nhUa d iy 0,5 cm hoac bing ldp SAMl 
day trung binh 1,5 em hoac be tdng nhua hat min cd 
chi lu day khdng qua Idn. 

3. Û NG DUNG TfNH T O A N K I T CAU M A T D U O N G 
COfNGH^HAILdP 

Detim Idi giai he phuong trinh (1), trong bat b lo sd 
dyng phUOng phap sai phan hCfu han. Phuang phip sai 
phan hCfu han la phuong ph ip gan dung ve toan hoe, 
thay eac dai lupng vi phan bang cac dai luang sai phan, 
de tinh cac g i l tri dp vdng Idp tren va ldp dUdi eua k i t 
cau mat dUdng w,( dd vdng ldp tren - tam BTXM), w^ (dp 
vong ldp mdng tham gia ehiu keo udn cung tam BTXM) 
trong he phuong trinh (1), t d d d tinh toan xic dinh dng 
suit keo uon cija cac ldp theo cac cdng thCic (5), (6). 
Trong pham vi bai bao, t i c gia da xay dUng chUOng trinh 
tinh mat dudng b l tong hai ldp (Multi-Layer Concrete 
Pavement - MLCP), phan mIm sCf dyng ngdn ngCf l i p 
trinh Visual - Basle 6.0. 

Vi tn i| 
p(tXy) 

^ r i 2 
P(Lx:y) 
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(L, B • Kich thudc tam BTXM, chpn lay Idn han dudng kinh ehiu vong) 
a) - Mit cit dung hai ldp: b) - M$t bSng chia ludi Idp trin 

(trung vai Idp dudi) 
Hinh 3.1: SodS chia ludi sal phin Idp trin 

Ludi sai phan dupe ehia theo ludi 6 vudng, cd budc 
ludi Ax, Ay theo cic true x v l y. Sd lUong nut ludi ehia du 
Idn (de kieh thudc t im Idn hon dudng kinh chlu vong), 
sao cho thda m in d i lu ki^n bien: khi t i i trpng d i t tai 
t i m t im , thi tai vi tri g in canh tam, eic dp vdng cd g i i 
tri b ing 0, cd nghia l i d i lu k i ln l i ln k i t tai bien tam se 
khdng Inh hudng d in k i t qu i tinh. Op chinh xle cua k i t 
qu i tinh phy thupe khoing eieh budc ludi ehia, trong 
tfnh to ln d l d i m b io dd chinh xic, theo [3] khuyin nghi 
l iy budc ludi Ax, Ay xap xi b ing ehilu day tam BT. 

T^i cle vj tri d i t t l i , v l phl i cua phuang trinh (1) ed 
g i i trj b ing i p lUe q, cdn tai eie vi tri khic khdng cd t l i 
trpng, v l phi i cd gia tri b ing 0. 

Trln Hinh 3.1 t h i hi ln so do chia nut lUdi cho Idp 
tr^n, gdm m nut lUdi tren true x v i n nut ludt tren trung 
y. Ddi vdi Idp dudi, y lu c lu kholng cleh v i vi tri cic nut 
tuong tu nhu Idp t r ln . Dien tfch truyin t i i trong ludi sai 
ph in l ly l i hinh vudng cd cic canh Ax = Ay, song cd d i ln 
tfch b ing d i ln tich thyc t l cua banh xe t r ln mi t dUdng, 
l i hinh trdn cd dudng kinh D, ap lUc q. 

Nlu chia n nut lUdi theo trye y va m nut ludi theo 
true X, ta s i nhin duoc h i phuang trinh gdm 2(nxm) 
phuong trinh sai phan viet eho hai Idp, vdi 2(nxm) an sd 
I I cic dd vdng cua cic nut ludi cua Idp t r ln va Idp dUdi, 
Vj tri cac nut ludi tam tren v i tam dudi trung nhau, td do 
tinh dupc g i l trj do vdng tdng nut va Cfng suit keo udn 
tai cic nut ludi. 

Trong thf dy sd dyng Idp each ly cd ehilu day nhd, 
vdi so Itlu dau vao tinh to in nhu sau: 

-Ldp l:Tam BTXM l im mdi cd: 
Ej,, = 30.000 MPa; y = 0,15; R^= 4 Mpa; h = 20 cm. 
- Ldp each ly: 
E = 30 Mpa; p = 0,25; h^ = 0,3 cm, bing hai ldp giay 

d iu theo quy djnh TCVN 10907. 
- Ldp 2: Ldp mdng b l tdng ngheo: 
Ej = 25.000 MPa; p = 0,15; R̂^ =2,5 MPa; h = 20 em. 
- Trln Idp mdng dudi v l n ln cd: 
Ê ^ = 40 Mpa. 
-Tit trpng tinh to in : 
Tl i trong trye xe tinh to in 12T, t l i trong binh xe 6T, 

h i sd xung kich k= 1,2. 
Ap luc b inh xe: q - 0,6 Mpa. 
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Kit qua tinh to in t h i hien t r ln Bdng 3.1. Hinh 3.2 v l 
Hinh 3J dudi diy. 

Bing 3.1. Kit qui tinh toin 06 vdng vi ung suit cic ldp 
__ trong kit du m^t dUdng __ 

U c M p , Od vong tai t i m ffng su<t k*o u6n t f t , 
_ mat dudng ^ t l i trong, w (mm) t i m t i l trpng, o^ (Mp«) j 
Ldp tren 1.33 1.517 

0.775 Ldp duoi 

a) - Ldp trin 

Hinh 3.2: Bliu d§ d6 vdng ciia Idp trin vi Idp dudi 

Ctng suat keo uon a,„(MPa) 

Hinh 3.3- Bleu dp dng suit kio udn cua Idp trin vi Idp dudi 
Trong b i i b io eung trinh bay k i t qu i tinh to ln Ong 

suit k lo udn trong Idp b l tdng theo eic phuong phip 
tinh trong TCVN 10907/2015, theo quy trinh th i l t k l i o 
dudng cdng cCia Nga (BCH 197-91) v l theo ldi gi i i b in 
thyc nghiem eua Westergaad, vdi cung sd lieu d iu v io 
nhutr ln . Kit qu i the hien tren Bdng 3.2. 

Bing 3.2. So sinh kit qui tinh ung suat kio udn Idn nhit 
ai diy giOa tim BTXM bing cic phuong phip khie nhau 

Ungsuftkieu^n So sinh cic phiMtg 
ldp BTXM (Mpa) [ph ip vdt PPdfxuAj 

1.517 0.00% 
Ttieo TCVN 10907/2055 

Theo BCH 197-91 
-̂  

Nhdn xit: Trong tinh to in , sd dung Idp cich ly b ing 
Ic^ giay d iu cd ehilu d iy mdng, k i t qu i tinh to ln theo 
phuong phip tinh d l xuat tuong duong vdt cie phuong 
phip tinh hi ln cd trong cic quy trinh thiet k l hien nay, 
nen phuong phip tinh de xuit d i m b io dd tin ely. Khi 
SLf dung ldp cich ly bing Idp bitum ci t d ly 0,5 cm, vdi 
Idp SAMl day 1,5 em thi k i t qu i tinh dd vdng va dng suit 
k lo udn trong Idp BTXM eiJng tuong tu vdi trudng hpp 
sd dung Idp elch ly bing hai Idp gily d i u nhu Bdng 3,2, 



4. KHAO SAT ANH HUdNG CHI£U DAY LO? 
CACH LY L A M B A N G BTNC O £ N UTNG SUAT B I ^ N 
DANG TRONG T A M BTXM MATOUdNG 

Quylt djnh sd 3230/2012/QD-BGTVT quy djnh, t r ln 
mat tdp mdng t r ln b ing b l tdng nghIo hole b l tdng 
d im l ln phi i r i i mdt ldp cich ly d iy tdi th i lu 3,0 cm bing 
BTNC. Bii b lo trinh bay k i t qu i khio sit d inh g i l Inh 
hudng ciJa chilu d iy ldp cleh ly den phin bd ndi lUc 
trong cic ldp trong d i lu k i ln khi h iu cua Vil t Nam. 

Gii trj md-dun d i n hoi cua \dp BTN loai cdt l i lu 
nhdm A, phy thude nhilt dp trong pham vi tCr 10 den 
65''C, cd t h i duac xic dinh theo cdng thufc [9]: 

E^, = -6T+600, (7) 
Vdi: 
Eg^- Md-dun d in hdi BTN d nhil t dp tfnh to in, MPa; 
T-Nhi l t dp tfnh to in , "C. 
Vio mua h i , nhCfng ngiy n ing ndng, nhiet dd b l 

mi t Idp BTXM ed t h i dat tdi 65 - 67°C, vdi tam BTXM cd 
ehilu d ly trung binh 22 - 23em, khi dd nhiet dp tai d iy 
Idp BTXM chinh t i nhiet dp cCia ldp cleh ly, dupc xac dinh 
theo Quylt djnh so 3230/2012/QD-BGTVT: 

T„,, = T,„ - 0,86.A = 67 - 0.86,23 = 47,2" C (8) 
Khi dd, md-dun d in hdi BTN d 47,2°C tinh theo (7) 

bing 310-315 Mpa. 
Thay gia trj md-dun d i n hdi ldp BTNC bing 315 

Mpa v l tinh vdl vdi chilu d ly Idp cich ly td 3 - 6 cm, vao 
chuong trinh tfnh MLCP, vdi cie so lieu dau v io tinh to in 
tuang ty n lu tai myc 3, nh in duoc do vdng v i dng suit 
klo udn trong Idp BTXM thay doi theo ehilu d iy Idp BTN 
td 3 - 6 cm theo b ing sau: 

Bing 4 1. Kit quitlnli toin ldp BTXM 
I Chilu dly ldp 06 vong ldp CTng suit k^o uon 
I cich ly BTNC (cm) | BTXM (cm) | ldp BTXM (Mpa) 

3 0,133 1,510 

0,135 

0,136 
0,137 

1,552 
1,587 

1,615 

Nhdn xit: Qua sd lieu tfnh to in theo b ing t r ln cho 
thiy, d mCfc nhiet dp vung ning ndng, m i t t i m BTXM d 
65 - 67°C, g i l tn dp vdng va Cfng suit keo udn Idp t r ln 
khi chilu d iy Idp cleh ly t i ng tCr 3 em len 6 cm, mCfc dp 
t ing dd vdng t ing 3%, dng suit k lo udn tang 7,3%. Khi 
ldp cleh ly ed ehilu d ly nhd khdng qu i 3 cm, ket qua 
tinh dd vong v l Cfng suit keo udn trong Idp BTXM cd gia 
tri tucmg tu vdi ket qu i tinh cho trudng hop Idp cleh ly 
bing hai Idp giay d i u theo Bdng 3.1. 

5. K ^ LUAN VA KIEN NGH! 
- Phuong ph ip tinh d l xuat eho ph ip tinh to ln xie 

dinh duoc trang th i i Cfng suit - b i ln dang eua tdng Idp 
trong h i k i t elu mat dUdng eCfng nhi lu Idp. Kit qu i tinh 
to in d i m b lo dp tin ciy. 

- Phuong ph ip tinh d l xui t cho phep xet dupe anh 
h U ^ g chieu d ly v i cudng dd Idp cich ly den phin bd 
ndi luc trong cle ldp, lam ein eCf tua chpn c lu tao hpp ly 
cic ldp trong k i t cau mat dudng eCfng nhi lu ldp. 
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- TCf k i t qua t r l n eho thiy. trong d i lu k i ln khi h iu 
n ing ndng cua Vil t Nam, khi sd dung Idp cich ly b ing 
BTNC cd chilu d ly Idn han 3 cm thi b i ln dang eua Ic^ 
cleh ly cd i nh hudng d ing ke d i n dp vdng v i ufng suit 
k lo udn trong Idp BTXM. 

- Kiln nghj khi sCf dung Idp cich ly b ing BTNC trong 
k i t eau mat dUdng BTXM nhi lu ic^ trong dieu ki ln khi 
h lu n ing ndng cua Viet Nam, chieu d iy Idp BTNC chi n l n 
lay khdng day qu i 3 cm. 
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