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Tém tit

Viéc tinh todn két cAu 4o dudng mém theo tiéu chuidn 22TCN 211-06 dua trén bai toan hé dan hodi nhiéu 16p
trén nén khong gian ban vo han dan hdi. Trong dé, toan dd Kogan 1a cong cu mang lai sy tién 1oi va don gian
trong thiét k&. Tuy nhién viéc st dung todn do cling c6 nhiing han ché trong viéc tu dong héa thiét ké va giai
cac bai toan ngoai pham vi cho phép ciia toan do. Bai bdo gidi thiéu mot sd cong thifc giai tich nham sit dung
thay thé cho todn dd Kogan 1ap sin trong tiéu chuan thiét ké 40 dudng mém 22TCN 211-06. Sai s6 khi st dung
cdc cong thiic giai tich so vdi viéc tra thii cong trén toan dd dudc so sanh nham chon ra cong thic gidi tich c6
két qua tuong duong nhét véi toan do. Két qua cho thiy cong thiic giai tich theo phuong phap ctia Odemark cho
két qua rét sat véi todn dd véi do 1éch trung binh khodng 2,2%.

Tir khod: két chu 4o dudng; hé nhiéu 16p; toan dd Kogan; cong thiic giai tich; thiét ké 4o dudng.

USING THE ANALYTICAL FORMULA INSTEAD OF THE KOGAN DIAGRAM FOR THE FLEXIBLE
PAVEMENT DESIGN ACCORDING TO THE STANDARD 22TCN 211-06

Abstract

The 22TCN 211-06 standard considers the flexible pavement as a multi-layered structure over a semi-infinite
subgrade. The Kogan diagram used in the standard is a simple and convenient tool for the pavement design.
However, using this diagram is difficult in the auto design programs and in the cases where the pavement
thickness is out of limit of the diagram. This paper presents some analytical formulas which are considered to
be used in the flexible pavement design standard 22TCN 211-06 instead of the Kogan diagram. The difference
between the obtained results from the analytical formulas and the Kogan diagram are evaluated in order to
choose an optimal formula which has the smallest error in comparison with the Kogan diagram method. It was
shown that the obtained results using Odemark analytical formula and the Kogan diagram method are very
similar with an average difference of 2,2%.
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1. Pit van dé
Tiéu chuén thiét ké két ciu 4o duong mém 22TCN 211-06 [1] dugc xdy dung dua trén cd s& ly

thuyét 14 giai bai toan hé dan hdi nhiéu 16p chiu tai trong phan b trén mot hodic hai vong tron c6 dién
tich tuong duong dién tich tiép xudc ctia banh xe 1én mit dudng. Tiéu chuin nay dudc phat trién va
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ké thira tif tiéu chudn thiét k& mit dudng mém ctia Lién X6 cii va da trai qua cdc giai doan chinh sira
dé phut hop v6i cac diéu kién st dung thyc té. Hién nay, phan 16n cic tinh toan két ciu 4o dudng van
gia thiét cac 16p vat liéu 1a dan hoi. Tuy nhién, cdc phuong phép tinh toan da cii tién, nhu mo hinh
ctia Burmister [2], cho phép tinh todn hé ddng thdi nhiéu 16p, khong cin quy d6i nhu trong 22TCN
211-06. Cac phﬁn mém tinh todn két ciu 4o dudng tién tién (Bisar, Alize, Viscoroute, 3D Move, ...)
ciing déu c6 thé tinh toan truc tiép hé nhiéu 16p. Hon thé nita, rit nhiéu cdc nghién ctiu ciing da dugc
thuc hién dé€ xét dén céc yéu t6 tdi trong, su dinh bam céc 16p, ting xi phiic tap ctia vat liéu ... khi
tinh todn két cdu 4o duong [3-5]. Ngoai viéc xem xét cac 16p 1a vat liéu dan hoi thi anh hudng dng xir
dan nhét ctia vat liéu bé tong nhua [6, 7] dén su 1am viéc ctia két cAu ciing da dudc nghién ciu [8].
O Viét Nam, ciing ¢6 mot s6 cic nghién citu khi tinh todn két ciu do duding c6 xét dén tinh dan nhét
clia vat liéu bé tong nhua [9, 10]. Tuy nhién & Viét Nam, viéc tinh todn két ciu 4o dudng theo 22TCN
211-06 van dang dugc 4p dung rong rai.

Theo tiéu chudn 22TCN 211-06, ciu tao két ciu 4o dudng mém sau khi dugc dé nghi sé dudgc
ki€m todn theo 3 trang thdi gidi han: d6 vong dan hoi trén bé mit két cAu 4o dudng lién quan dén mo
dun dan hdi chung ciia toan két ciu; ing suét kéo khi ubn 16n nhat xuét hién & ddy cia vat liéu lién
khdi va ting sut cit truct 16n nhit xuit hién trong nén dat hoiic trong 16p vat liéu rdi rac, kém dinh.
Trong d6, d€ xac dinh mo dun dan hoi chung ctia hé két ciu nhiéu 16p, tiéu chuin huéng dan quy ddi
dan hé nhiéu 16p dan hoi vé thanh mot 16p 4o dudng tuong duong va st dung toan do 1ap sin dé xac
dinh mo dun dan hdi chung trén bé mit ctia két ciu.

Phuong phép st dung toan do 1ap sin thay thé cho viéc tinh todn phifc tap nhiam xéc dinh trang
thai ting suat bién dang trong hé két ciu nhiéu 16p da mang lai su don gian va nhiéu tién ich cho ngudi
thiét ké. Todn do c6 cAu tao dé hiéu, phuong phap dé thuc hién, cho két qué sét véi thuc té, cai thién
tinh chinh xdc va tiét kiém thdi gian tinh todn. Tuy nhién trong qua trinh st dung, todn dd 1ap sin
ciing boc 16 nhiéu nhude diém nhu sai s6 & mot s6 ving trén todn dd va sai s6 do tra tay con 16n, tiéu
chuén hién ciing chua d& xuit dugc cong thiic kiém tra két qua tra. Dic biét, viéc tra todn do sé& kho tu
ddong hoéa trong cic chudng trinh tinh toan két ciu do dudng. Cac chuong trinh kiém toan tu dong két
cAu 4o duong hién nay & Viét Nam thudng giai quyét vin dé nay bing cach quét toan dd, tao ra bang
dit liéu dé ndi suy tu dong. Viéc st dung toan dd ciing han ché d6i véi cac két cAu c6 chiéu day 16n
(H/D > 2) nam ngoai khoang ndi suy ctia toan dd.

Bai bdo nay nham muc dich gidi thiéu nghién ctiu dé xuit st dung cong thiic giai tich thay thé
va kiém tra do tin cdy khi tra todn d6 Kogan 14p sin trong tiéu chuin 22TCN 211-06. Trudc hét, viéc
tra thii cong sé& dugc khio sat dua trén 15 ngudi sit dung khac nhau dé danh gid sai sb khi tra toan do
bing tay. Sau d6, bén cong thic giai tich sé dugc sit dung d€ danh gid miic do khac biét clia gia tri
tinh so vé6i gia tri tra dugc tli todn d6. Dua vao sai s6 nhan dudc tién hanh d4nh gid cong thiic nao cho
gid tri gan v6i cac gid tri trén toan do nhat.

2. Toan d6 Kogan trong tiéu chuén 22TCN 211-06

To4n dd Kogan 12 18i giai cho hé hai 16p dan hdi dudc dua thanh dang todn do dé tra rit tién dung
dugc st dung trong tiéu chuin 22TCN 211-06. Véi phuong phap niy, hé nhiéu 16p dan hoi duge dé
nghi di dan tir hai 16p sang mot 16p theo nguyén ly md dun dan hoi tucng duong véi chidu day 1a
tdng chiéu day cac 16p. Két qua tra todn dd 12 mo dun dan hoi chung trén bé miit ctia két cAu 4o dudng
dic trung cho kha ning chéng lai bién dang dan hoi ctia toan bo két cAu trén nén-mit dudng.

Viéc chuyén d6i dudc thuc hién bing cach d6i din hai 16p mot tit dudi 1én trén theo mo hinh
chuyén d6i dugc thé hién trong Hinh 1. M6 dun dan hdi tuong duong clia 16p 4o dudng sau khi quy
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3
-

trong d6 Ejop1, Ejop2 12 mo dun dan héi cta hai 16p két ciu do dudng dudc quy ddi; hy, hy 12 chiéu day
ctia hai 16p két cau 4o dudng dudc quy ddi; Eo 1a mod dun dan hoi ctia nén dit; E;, 1a md dun dan hoi
tuong duong ctia 16p 4o dudng sau khi quy d6i; H 1a chiéu day cia 16p 4o dudng sau khi quy ddi.

ddi sé dudgc tinh toan theo cong thiic (1) [1].
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Hinh 1. So db d6i hé 3 16p vé& hé 2 16p [1]

Toan do Kogan dugc thiét 14p dua trén mbi quan hé giita cac ty sb E.u/E, v6i H/D va Eog/E,
(Hinh 2), trong d6 E,;, 12 m6 dun dan hoi chung trén bé miit ctia két cdu 4o dudng thiét ké; E| 1a mo
dun dan hdi tuong duong ctia 16p 4o dudng dudc quy ddi tir hé nhiéu 16p két ciu do dudng, c6 chiéu
day 1a tdng chiéu day cta tit ca cac 16p; H 1a chiéu day tdng cong ctia tit ca cac 16p két cAu 4o dudng;
D 1a vong tron c6 dién tich tuong duong dién tich tiép xiic ctia banh xe 1én mit dudng; Eg 12 mo dun
dan hoi cla nén dat.
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Hinh 2. Todn d6 Kogan d€ xic dinh mo dun dan hdi chung ctia hé hai 16p theo tiéu chuin 22TCN 211-06
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3. Pé xuét cong thirc gidi tich

Trén thé gidi c6 kha nhiéu phuong phap tinh todn hé dan hoi hai 16p. C6 nhiing phuong phap st
dung todn dd nhu phuong phap ctia Burmister [11], phuong phép trong 22TCN 211-06. Trong gi6i
han ctia bai bdo, tic gia tip trung vao 4 phuong phap c6 15i giai bang cong thifc giai tich: phuong phap
Odemark, phuong phap Palmer-Barber, cong thiic theo tiéu chuin ctia Nga (1972) va theo 22TCN211-
06. Ngoai ra, con mdt sd phuong phip khac nhu cong thiic dé xuit trong [12], phuong phdp clia
Boussinesq [11] ...

3.1. Cong thiic theo phuwong phdp Odemark l l lpl l l
| I

Theo phuong phap ctia Odemark [11], hé két 2a
chu gdm mot 16p c6 mo dun dan hoi E, hé s6
Poisson vy, chiéu diy h dit trén mot nén ban vo
han c¢6 mo dun dan hoéi EO, hé sb Poisson vq khi
chiu mot tai trong phan b6 déu 1a p trén mot vong - ¥
N L . - . AN b V22222
tron ban kinh 1a @ (Hinh 3), do vong W trén bé mat

két cAu s& dugc tinh theo cong thiic sau:

E, v h

E, v,

hE Hinh 3. Hé két cAu mot 16p dit trén nén ban vo
1

W = WoF|-, — (2) han dan hoi
a’ EO

. a . .~ A LA L x, A LA A N x: N A
trong d6 Wy = 2(1 — v(z))g— 1a do vong trén bé mat nén ban vo6 han ¢c6 mo6 dun dan hoi Ey; ham s6 F

dudc tinh theo cdng thiic sau (khi coi vg = v; = 0,5):

F(ﬁ,ﬂ)z 1- ! Eo , ! (3)
a Ey

\1+(0.9%) \/1 +(0.9%)(£)

Viéc quy d6i md dun dan hdi chung ctia hé 2 16p sit dung toan d6 Kogan trong 22TCN 211-06
thuc chit 1a quy d6i tuong duong vé d6 vong. Nghia 13, do vong tai tAm tai trong tiéu chuin dbi véi
két cAu quy ddi thanh nén ban vo han (md dun 13 E,;,) tuong duong v6i do vong ctia hé 2 16p (Ey va
E)) chua quy ddi. Tu d6, cong thuc tinh E.;,/E; theo phuong phap clia Odemark sé dugc xac dinh
theo phuong trinh (4):

Eo___ 1 Eo
E,| E (ﬁ’ 5) E
a EO

“4)

3.2. Cong thiic theo phuwong phdp Palmer-Barber

Palmer - Barber [11] dd d& xuit cong thiic tinh dd vong trén bé mit hé gdm mot 16p dan hdi dit
trén nén dit ban vo han theo dang cong thifc (2) v6i ham s F dudc xac dinh nhu sau (khi coi vg = v =

0,5):
) sl-5)
1+ (g)

Ty s6 E.;/E; theo phuong phdp ctia Balmer-Barber dudgc xic dinh tuong tu theo cong thic (4)

v6i ham F theo cong thic (5). Cac ki hiéu ctia cong thifc xem giai thich trong phan 3.1.
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3.3. Céng thiic theo tiéu chudn Nga (1972)

Ty s6 E.;,/E; theo cong thic tiéu chuin Nga (1972) [13] dugc x4c dinh tuong tu theo cong thiic
(4) v6i ham F theo cong thiic (6). Cac ki hiéu clia cong thiic xem giai thich trong phan 3.1.

h E 2 1 |E h
F(—,—l)zl——x 1- — |xarctan| %/=L x — (6)
a Ey T (Q)IA Ey 2a
Ey

3.4. Cong thiic theo tiéu chudn 22TCN 211-06

Tiéu chuin 22TCN 211-06 dé xuét st dung cong thiic (7) d€ tinh md dun dan hdi chung E.;, clia
hé ban khong gian dan hoi 2 16p trong trudng hop két cAu 4o dudng c6 chiéu day 16n (h/2a > 2). Céac
ki hiéu ctia cong thifc xem giai thich trong phan 3.1.

E 1,05 E
2 = : x = @)
E] 1+E—? Eo E1
W \2( E 0,67 E]
(]

4. Khao sat sai sb tra thi cong bang tay

Nham xdc dinh sai s6 khi tra tay thii cong toan d6 Kogan trong tiéu chuin 22TCN 211-06, 15
ngudi da dudc khio sat tra toan dd v6i 9 vi tri diém tra cho trude. Vi tri cdc diém tra va két qua khio
sét tra tay cia 15 ngudi dudc thé hién trén Bang 1 va Hinh 4. Két qua tra cho thiy do léch chuan tuong
dbi trung binh ctia 15 ngudi tra cho tit ca cac diém 1a khoang 2,7% va do 1éch chuan 16n nhit nam tai
cac vi tri diém 1 (12,15%), diém 4 (4,47%), diém 7 (2,01%) tuong ting véi ving c6 ty s6 Ey/E| nam
trong khoang 0 + 0,1 12 ndi cdc dudng clia toan dd kha sit nhau va kho noi suy.

Bang 1. Vi tri 9 diém khao st tra tay trén todn do Kogan

Diém tra h/D Eo/E, S
1 0,12 0,08
2 0,14 0,47
3 0,17 0,83 N
4 0,92 0,07 \\\
5 0,96 0,53 S
6 0,98 0,78
7 1,83 0,12
8 1,86 0.36 Hinh 4. Vi tri 9 diém tra va két qua
9 1,89 0,64 khéo sit tra tay trén toan do

5. So sanh cong thirc giai tich va toan d6 Kogan

Nhu da trinh bay trong phan trén ctia bai béo, viéc tra tay todn dd Kogan trong tiéu chuan 22TCN
211-06 doi hoi su ti mi d€ c6 dudc két qua chinh xac. Do vy, viéc x4c dinh mot cong thifc gidi tich
cho két qua gan diing nhét so v6i bang tra 1ap san nham kiém tra két qua tra tay 1a hét stic hitu ich ddi
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v6i ngudi thiét ké. Ngoai ra st dung cong thifc sé hitu hiéu trong cic chuong trinh tinh tu dong va tinh
toan cdc khoang kho tra hoic bén ngoai todn d6. Nhiam kiém chiing su gan diing ctia két qua tinh béi
4 cong thiic giai tich da dudc dé xuét trong muc 3 ctia bai bdo, gid tri tai tit ca cac mat ludi trén toan
dd (diém giao ctia Eq/E; va H/D) sé dudc tra tay va tinh theo 4 cong thiic rdi tién hanh so sanh. Gid
tri H/D sé chay tu 0,1 dén 1,9 véi bude 12 0,1; gid tri Eo/E; s€ chay tu 0,05 dén 0,85 véi budc 12 0,05.
Téng cong c6 tit ca 294 diém dugc d6i ching so sanh. Gi4 tri dudc so sanh 1a sai s6 gitta két qua tra
tay va két qua tinh theo cc cong thiic gidi tich.

Hinh 5 dén Hinh 7 thé hién sai s6 ctia gia tri ty s E.,/E; khi tra thi cong tai cac mat 1udi trén
todn dd Kogan va gid tri E.;,/E| tai vi tri tuong dng khi tinh theo c4c cong thic theo phuong phép clia
Odemark, Palmer-Barber va cong thiic theo tiéu chuin Nga (1972).

.8

0
0.0
Hinh 5. Sai s6 clia ty sb E;/E; khi tinh theo cong thiic Odemark so véi két qua tra tay trén toan d6 Kogan

Khi st dung cong thiic theo phuong phap Odemark, sai sd trung binh cta tit cic cac diém dbi
chung 1a 2,19%, v6i sai s6 16n nhit 1a 13,61%. Cac sai sb 16n nhit nam trong vung c6 H/D < 0,2 hodc
Ey/E; < 0,1 (Hinh 5). Tuy nhién, theo két qua khdo sat tra tay nhu da trinh bay trong muc 4, viéc tra
thii cong todn dd thudng gip sai s6 16n trong viing ¢6 0 < Eg/E; < 0,1. Vi vy, nham han ché b6t anh
hudng ctia sai s6 do tra thii cong trong viing ¢6 0 < Eg/E; < 0,1 dén két qua so sdnh, tic gia thuc hién
trudng hop so sanh thi 2 dbi véi cac diém dbi chitng nam trong ving ¢6 Eg/E; > 0,1. Trong trudng
hop nay, khi loai bét cic diém nam trong viing kho tra, sai s6 trung binh nhan dugc 1a 1,66% véi sai
s0 16n nhit 1a 7,22%.

Khi st dung cong thiic theo phuong phdp ctia Palmer-Barber, sai s trung binh cia tit cdc céc
diém ddi ching 1a 14,56%, véi sai s6 16n nhét 1a 55,64%. Céc sai s6 16n nhit nam trong ving c6
Ey/E; <0,1 (Hinh 6). Khi loai b6t cac diém nam trong viing kho tra c6 Eg/E; < 0,1 sai sb trung binh
nhan dugc 12 10,10% véi sai s6 16n nhét 1a 33,92%.

Tuong tu, sai s6 trung binh clia tit cic cac diém dbi ching khi st dung cong thiic theo tiéu chuin
Nga (1972) 12 6,96%, sai s6 16n nhét 1a 21,63% véi cac sai s6 16n nht nim trong ving ¢6 H/D > 1,5
va Eo/E; < 0,2 (Hinh 7). Khi loai b6t cac diém nam trong vung kho tra c6 Ey/E; < 0,1 sai s6 trung
binh nhén dudc 13 6,70% Vi sai s6 16n nhit 1a 21,52%.

Cong thiic theo tiéu chuin 22TCN 211-06 (7) sé dudc 4p dung d€ tinh gid tri ty s6 E.,/E; v6i
H/D =2 va so sanh véi cic diém ddi ching tuong dng. H/D = 2 chinh 1a vi tri bién tiép gidp gilia
mién khuyén cdo 4p dung cong thiic theo tiéu chudn 22TCN 211-06 va todn d. Tong cong c6 14 diém
dbi chiing tai cidc mat ludi dudc so sanh. Bang 2 gidi thiéu ty s6 E.,/E; tra theo todn dd Kogan va
tinh theo cong thiic giai tich trong tiéu chudn 22TCN 211-06 véi H/D = 2 va sai sb gitta hai phuong
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Sai 50 (%)

Sai 56 (%)
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Hinh 7. Sai s6 ctia ty s6 E,;/E) khi tinh theo cong thiic clia tiéu chudn Nga (1972)
so véi két qua tra tay trén todn dd Kogan

phép. Nhu vay khi st dung cong thic giai tich theo tiéu chuén 22TCN 211-06 véi H/D = 2, sai sb
trung binh ctia 14 diém ddi ching 1a 14,72% va sai s6 16n nhit 12 24,09%.

Bang 3 tong hop cic sai s6 trung binh va sai s6 16n nhat khi st dung cic cong thiic giai tich da
dé xut so vSi két qua tra tay trén todn do véi cac trudng hop: (i) tat ci cac diém dbi chiing (cic diém
mat 1uéi trén toan dd véi H/D tit 0,1 dén 1,9 véi bude 0,1 va Eg/E; tit 0,05 dén 0,85 véi budc 0,05);
(i) trudng hop Eg/E; > 0,1 va (iii) trudng hop H/D = 2 dbi v6i cong thiic theo tiéu chuin 22TCN
211-06. Nhu vay cic sai s6 khi st dung cong thic theo phuong phip ctia Odemark 12 nhd nhit va
tuong duong vdi céc sai s6 khi tra thii cong nhu két qua khio sat da trinh bay trong muc 4. Cu thé, do
1&ch trung binh 1a khoang hon 2% (2,2% theo phucdng phap ciia Odemark va 2,7% khi tra thd cong).
Gia tri 1éch 16n nhét ctia ca 2 phuong phdp tra todn do va ctia Odemark 12 khoang 12 - 14%. Khi st
dung cong thiic dudgc dé xut trong tiéu chuin 22TCN 211-06 dp dung cho trudng hop H/D = 2, cic
sai sb trung binh va 16n nhit 12 tuong dbi 16n so véi két qua tra thii cong trén todn do.
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Bang 2. Ty sd E,;,/E; tra theo todn d6 Kogan va tinh theo cong thiic gidi tich
trong tiéu chuan 22TCN 211-06 véi H/D =2

Ecn/E\ )
STT Ey/E; - Sai so
Tra toan do Cong thuc giai tich

1 0,00 0,000 0,000 0,00%
2 0,05 0,380 0,360 5,26%
3 0,10 0,470 0,464 1,29%
4 0,15 0,580 0,523 9,77%
5 0,20 0,640 0,563 12,06%
6 0,25 0,690 0,591 14,32%
7 0,30 0,730 0,613 16,08%
8 0,35 0,760 0,629 17,18%
9 0,40 0,790 0,643 18,61%
10 0,45 0,820 0,654 20,24%
11 0,50 0,845 0,663 21,52%
12 0,55 0,865 0,671 22,43%
13 0,60 0,883 0,678 23,27%
14 0,65 0,900 0,683 24,09%

Bang 3. Bang tong hop cdc sai s6 khi tinh theo 4 cong thiic giai tich so v6i két qua tra thi cong trén todn dd

Sai sb (%)
Phuong phap ~ Tht cé cdc di€m dbi chiing Eo/E; > 0,1 H/D=2
Trung binh Lén nhat Trung binh  Lénnhit  Trung binh  Lén nhét
Odemark 2,19 13,61 1,66 7,22
Palmer-Barber 14,56 55,64 10,10 33,92
TC Nga 1972 6,96 21,63 6,70 21,52
22TCN 211-06 14,72 24,09

6. Két luan

Bai bdo da gidi thiéu 4 cong thiic gidi tich d€ tinh gid tri ctia ty s6 E;,/E;. Cac sai sb khi tién hanh
tra thii cong trén toan do Kogan trong tiéu chuan 22TCN 211-06 va sai s6 khi st dung céc cong thiic
giai tich so v6i két qua tra thi cong da dudc khio sat va tinh todn. Két qui ctia bai bdo c6 thé dudgc
tom ludc lai trong cac y chinh sau:

- Két qua khio sit tra thi cong todn d6 Kogan trong tiéu chuin 22TCN 211-06 ctia 15 ngudi thuc
hién v6i 9 vi tri diém tra cho tru6c cho do 1éch chuén trung binh khoang 2,7% va do 1éch 16n nhét
nam tai cac vi tri diém cé ty sé Eq/E;| nam trong khoang 0 = 0,1 14 noi cac dudng clia toan dd kha sit
nhau va kho noi suy.
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- Khi st dung 4 cong thiic giai tich theo phuong phap cua Odermark, Palmer-Barber, cong thiic

theo tiéu chuén Nga (1972) va 22TCN 211-06, cic sai sb clia cong thiic Odermark so véi két qué tra
thi cong 13 nho nhit véi sai sb trung binh 13 2,19% va sai sb 16n nhit 13 13,61% (v6i tit ca cic diém
ddi chiing) va gan véi sai s6 khao sat tra thi cong nhit.

Do vay, st dung cong thic theo phuong phap Odermark c6 thé thay thé hodc ki€m tra do tin cy

khi tra toan dd Kogan 14p sin trong tiéu chuian 22TCN 211-06.
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