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LOI GIOI THIEU

Chdlt luong khai thdc duomg 616 hién dai ngay cing doi héi duoc ning cav mét cdch
dong bj cd vé chdt lugng cong trinh nén mat duong va ¢d vé chdr luong cdc véu 16 hinh
hoc ciia duong. Mdr duomg cang t6t, cang bdng phdng, trong khi tuyén duong thiét ké
phoi hop khong gian khong 16t thi dé lai la mét yéu 16 tiém dn gdy ra tai nan giao
théng. Chinh vi vy & cdc nudce phdt trién ldu nay di dwa ra cde tiéu chudn va phuong
phdp thiét ké tuyén duong, trong dé ¢6 phuong phdp thiét k€ myvén clothoid, nhdm bdo
diam cho tuyén duong khdng nhitng phi hop voi diéu kién chuvén déng ciia 616 vé mat
dong luc hoc ma con tao diéu kién cho ngudi ldi xe bot mét méi, bot cing thing va dé
phdn dodn ding doi véi dogn dudmg phia trudc thong qua cdc thu nhin vé thi gidc va
cam gide cia chinh minh,

Tuyén clothoid ld tuvén duimg 616 duge cdm bing cde dudng cong tron va duimg
cong clothoid ndi 1iép nhau (khéng ¢6 doan thing chém hodc doan thdng chém rdt ngdn
khong dang ké). Cdce doun tuyén clothoid & ddy khdng con la mot yéu t& phu ciia tuyén
ma trd thanh yeu 18 chinh ¢6 vai tro ngang voi cdc doan cong tron khdc. Viée sit dung
duong cong clothoid nhu la mot yéu t6 tuyén ddc 1ap, thdm chi vige cdm tuyén clothoid
roan b trén cd binh d6 va trde doc dwong 616 la mot gidi phdp dé bdo dam dén mute 10
da d¢ déu din va ré rang vé quang hoc ciia tuyén dudmg va cé dé bdao dam thich hop vé
mdt déng luc hoc 616, tix dé tao thudn loi 161 da cho ngudi ldi xe ddnh gid va hanh xit
khi diéu khién phuong tién, gop phin gidm thiéu tai nan giao théng va tdng chdt luong
khai thdc cua duong.

Vi suy nght nhit trén, chiing t6i rdt vui long dugc gidi thidu cubn sdch "Phitong
phdp thiét ké tuyén clothoid cho duong 616" ciia PGS. TS. Nguvén Xuén Vinh do Nha
xudt bin Xav dung dn hanh vdi cde ban doc, ma trude hét 1a voi nhitng ngudi lam cong
tdc thiet k& duomg. Va cho rang, day 1o mot phuong phdp thiét ké tuyén duimg 616 nén
dugc xem xét dp dung & nutde ta khi ddt nudc dang tién budc trén con duiomg phdt trién

céng nghiép hod va hién dai hod hién nay.

Ha Noi, ngay 13 thdang 5 ndam 2006
GS.TS. Duong Hoc Hii



LOI NOI PAU

Phitong phdp thiét k& tuyén clothoid, trong Ao duing cong clothoid dugc coi la mbt
véu 16 doc lgp nhu d6T vii cdc yéu 16 dudmg thing v dudong cong tron, dugc si dung dé
thidt ké, 1o nén mot tuyén duong 616 mém mai, bing phdng vé mdt quang hoc, déu ddn
trong khong gian, thod mén cdc yéu cdu vé thu cdm thi gide ciia ldi xe va phit hgp vdi
diéu kién dia hinh, phong cdnh xung quanh theo cdc nguyén tdc thiét k& khong gian va
canh guan dudmg 615, sé tao diéu kién thudn lgi cho xe chay an toan vii tdc dé cao. P6
{& muc dich va néi dung duoc dé cdp trong cudn sdch nay.

Noi dung ciia cudn sdch bao gom bdy chutong :

Tir chuomg 1 dén chuong 5 trinh bay 1y thuyét vé dudmg cong clothoid 1 vi tri dugc sit
dung 1d véu 16 phyu véi vai tro la duong cong chuyén 1iép ndi duong thdang véi dudng
cong tron nhu cde dang dudng cong todn hoc khdc (duong hoa thi Lemniscat, duimg
Parabol béc ba ..) di dugc sit dung thanh mot yéu 16 déc idp voi nhitng nghién cuu kv
Iuing vé cdce thong s6 cing nhitng nguyén tdc k&t hop giita ching voi nhau va gidta
ching voi cde véu 16 dudng thdng, duong cong tron tao nén mdot phuong phdp vach
wyén méi — phuong phdp thiét ké tuyén clothoid, dugc dp dung dé thiét ké binh dé cho
cde tuvén duong 616, ddc biét doi vai duong 616 cdp cao, dudng caov tdc.

Nhitng nghién ciu gan ddy nhdt cita nhiéu nudc trén thé gisi vé an todn giao thong
di dé ra cdc tiéu chudn an toan nhdm danh gid chdt luong cia mdt do dn thiét ké xdy
dung hay cdi tao tuyén duimg da dugc ching i luu tdm va cdp nhdt trong ndi dung clia
chuong 6.

P& ban doc dé dang ndm bdt duoe nhitng vdn dé Iy thuyét da trinh bay, chitng 10i
danh hdn mét chuong cudi cing (chuong 7) dua ra mét vi du khd chi tiét thiét ké tuyén
clothoid cho mét doan duing cao 1dc cu thé (duomg cao téc Lien Khuong - Pa Lat) dugc
xav dung tai mét dia phuong & trong nude kém theo nhilng tinh todn ddnh gid chat
luong thidt ké tuyén nay théng qua cdc tiéu chudn vé an toan giao thong.

Vii nhitng ndi dung trén, chiing tdi tin rdng cudn "Philong phdp thiét ké tuyén
clothoid cho duong 616" sé la 1ai lidu tham khdo rdt hitu ich cho nhiing k¥ su dudng bé,
ddc bigt la nhitng k¥ su dd va dang tham gia thi€t k&, xdy dung cdc duomg 6t6 cao téc &
nude ta hién nay.

Tdc gid xin chdn trong cdm on rhitng khich ¢ quy bdu cia GS.TS. Duong Hoc Hai
va su gidp dé kip thoi ciia Nha xudt ban Xady dung cang cde dong nghiép dé cubn sdch
néay dugc ra mdt ban doc.

Vi trinh do va kink nghiém cd han, chiing 18i mong dugc sy chi bdo cia cdc chuyén
gia ciing nhu nhitng gép ¥ ciia ban doc xa gan.

Téc gia



Chirong 1
PUGNG CONG CHUYEN TIEP TREN PUONG OTO

Nghién ctiu thit k& cde duting cong tai nhitng vi tri ddi hudng ctia tuyén duting bao
gdm: Iya chon ban kinh dudng cong (ron, chiéu dai va thdng sd cia cdc duting cong
chuyén 1i€p clothoid, sy phdi hdp giita cdc dudng cong k& lién va méi quan hé gilta
cic y&u 18 clia tuyén dudng 1a nhitng van dé cin thiét dé€ ning cao chat lugng clia dd
dn thi¢t ke,

Phai hgp 10t va hop 1Y cdce yéu td khi thiét k& tuy€n sé mang lai hiéu qui kinh t€ -
k¥ thudt trong dau tr xdy dung cling nhu qud trinh khai thic twy&n duding, bio ddm cho

xe chay an 10an, thuin Igi vdi tée dd cao cho phép.

1.1. SU CHUYEN BONG CUA OTO TREN BUGNG CONG

Trén binh dd, mdt tuyén duding 6o théng thudng duge thiét k&€ bdi tip hgp cic
duding cong tron; dé chuyén tir doan thing sang dudng cong ¢é bdan kinh nhé ¢in phai
ba tri doun ndi siéu cao dé chuyén (r tric ngang hai mai sang triic ngang mdt mai <o
d6 dde biing d6 ddc siéu cao (i) nghiéng vé phia bung dudng cong.

Viéc bd (ri doan ning sicu cao duge dp dung cho cdc duding cong tron ¢6 ban kinh
nho ¢d siéu cao. PO1 véi cdc duding 06 ¢ap thdp ¢d tde dO xe chay thi€t k& khong cao
thi d€ chuyén 6i€p giita dudng thing va duding cong chi cin doan néi siéu cao ta dgd.
Nhung ddi vdi cic dudng 6td cap cao hon c6 t8c dd tinh todn 1én hon thi ngodi vige
phiii ¢ dd doan ndi siéu cao ¢don phdi bd tri dudng cong chuyén ti€p dé ndi tuyén
doan thing vio dudng trdn ¢o bin, va dudng cong chuyén tiép ndy phai thuc hién cd
nhiém vy ctia doan niing si¢u cao néu nhu bdn kinh duding cong thi€t k& co tri 8 nhd
guy dinh dng v4i moi cip duding.

Theo tiéu chuin thiét k& dudng 6t0 cda Viét Nam hi€n hanh (TCVN 4054-05) thi
dudng 010 duge thi€t k& vdi 8¢ d6 Vi < 60kn/h khong ¢in lam duding cong chuyén
ti€p ma chi ¢in bS tri doan ndi sidu cao.

C0 thé xidc dinh ¢hiéu dai doan ndi siéu cao theo cdng thifc tinh todn thdng thudng:
(B,

nse

L ,m (1.1

1
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iy - d0 ddc siéu cao phu thudc vao ban kinh thiét ké;
Inse - 40 d6c doc phu (d6 ddc ning sidu cao):
inse = 0,5% d6i vai dudng c6 Vi = 60km/h;
e = 1% d61 v6i dudng c¢é Vi = 20 va 40 km/h;
B - chiéu rong phan xe chay (m);
A - d6 md rong phin xe chay (m).
Hinh 1.1 14 sd dd bd tri doan ndi siéu cao.
Truding hgp doan ndi siéu cao Ly, nim trén doan dudng c¢6 d6 ddc doc tai tim
dudng 12 ig thi dd ddc ning siéu cao iy, dudc xdc dinh tir cong thiic:

T =g+ Bi, (khi d6 md rong mit dudng A = 0); (1.2)
Y
=g+ %@J—“—(khi dd md réng mit dudng A = 0); (1.3)

nsc

Khi thiét k€, tinh todn chiéu dai doan ndi siéu cao theo cic cong thiic 1.1 dén 1.3,
ban doc can ddi chi€u vdi cdc tri s& chiéu dai doan ndi siéu cao t6i thiéu phdi phu
thudc vao toc dd thi€t k& (Vy), ban kinh dudng cong (R) va tri s0 dd ddc siéu cao (i)
dwdgc néu trong guy trinh TCVN 4054-05 (bang 13 va bang 14).

Theo tiéu chuin thi€t dudng 6td cia
Viét Nam (TCVN 4054-05) thi: Khi
dudng 616 dugc thi€t k&€ véi 8¢ dod
Vi 2 60 km/h bit budc phdi thiét k€
dudng cong chuyén ti&p cho céc dudng
cong ¢4 ban kinh R < 500 m (trudng
hgp Vi = 60 km/h) via R < 1000 m
(trudng hop Vi = 80 km/h).

Con theo AASHTO thi chi thiét k&
duding cong chuyén tiép khi dudng 610
duge thi€t k€ vdi toc dd Vi = 50 km/h

Viéc lua chon bin kinh ¢dc dudng

cong lién quan chit ché dén an todn va

1oc do xe chay trén dudng, ddng thdi Hinh 1.1
lién quan dén chiéu dai va thong sO

cla dudng cong chuyén ti€p dude Iva chon khi thiét ke,



S6 tat nan giao thong gidm khi ting ban kinh dudng cong nam. Nghia 13 dutng
cong niim ¢ang ¢é ban kinh Ién thi an toin giao thong cang cao. Sy phu thude cia s&
tai nan giao thdéng vao ban kinh dwing cong wrén binh dd da dudc cic tic gid & nhidu
nudc nghién cifu. Biéu dd thé hién trén hinh 1.2 13 duding cong lap duge sau khi di xi 1y
tip hgp cdc k€t qua nghién ciiu cda Coburn (Anh), F.Bitzl (Cong hoa lién bang Piic),
Balogh (Hungary), Edamura (Nhit), ... M.Raft(M$), A P.Vaxiliev va V.F_.Babcﬁv (Nga)
cho thi'y hé s& gidm tai nan giao thdng phu thude vio mic d ting bin kinh dudng cong
nam. Cédc s0 liéu nghién citu duge phin bd khd chit ché va ¢6 dang gan véi duding
cong Hyperbolic.

Theo V.F.Babcdv (Nga) thi tai nan giao thong ;
tai dudng cong ¢6 ban kinh 100 - 150m cao gip
4 - 5 1an tai duding cong ¢ ban kinh 150 - 300 m. \
N&u bdn kinh duting cong tif 300 - 500 m thi tai

nan giao thong gidm xuéng 7 - 9 lan.

Nghién cifu cla F. Bilzl cho thdy sO tai nan
rén 1 triéu xe - km ¢ CHLB Bic tai cac duding
cong ¢6 ban kinh nho (R < 125m) 1a 12,12 thi tai
duting cong ¢6 bin Kinh tir 750 - 1000 m sO tai 2
nan gidm mt cich ding k€, chi con 1,96 vu/l \
triéu xe - km. Tuong t tai Nga A P.Vaxiliev da -\-\"\__

nghién citu trén cdc dudng 616 vitng mii cao cling 0

54 tai nan tuong ddi

o e .o N . L 1000 2000 3000 4000
cho ta thily s0 tai nan giam dan khi ting ban kinh B4n kinh trén binh d6, R, m

duding cong trén binh dd. Cu thé nhu sau: Hinh 1.2

Ban kinl ¥ :
an kinh d:lmg cong R, 50 100 250 500 1000

S4 tai n: 1 trid -
O tal nan, vu/l tridu xc 32 23 0.9 0.8 0.4

km

RG rang ting bdn kinh dudng cong tiY 50m lén gip 5 Ian (R = 250m) thi s§ tai nan
gidm xudng x4p xi 4 lan.

SG tai nan giao thong thudng xay ra nhiéu tai cdc dudng cong ¢ ban kinh nhé dat §
cudi doan thing dai do sy thay déi dot ngdt tir doan thing ¢6 ban kinh R = o chuyén
ngay sang duding cong ¢ ban kinh nhd khién 14i xe hodic chii quan hodc xit Iy gidm t0c
dd khong kip. Nguge lai, néu ting s6 lugng cdc duding cong dii ¢6 bin kinh nhd, tic 1a
ting tin s& b iri dudng cong wén lkin dudng lai khdng lam ting sO tai nan giao
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théng, vi trén doan dudng ¢6 nhi€u dudng cong lién tuc s& lam cho ldi xe chi ¥ va
thin trong hon khi diéu khién xe di trén cdc doan duting khé khiin va phyc tap.

Chdng ta cin thiy rd riing, trong diéu kién dia hinh phiic tap cin thiét phdi bo tri
nhi¢u dudng cong thi khéng nén xem xét thiét ké titng dudng cong vdi cdc ban kinh
riéng biét ma phdi nghién citu c¢d mot t8 hdp cdc duding cong dé€ thigt k& cho hop 1y.
Khong nén bd tri dudng cong ¢é bdn kinh 16n gifta hai duding cong ¢6 bdn kinh nhd &
gin nhau, vi 1di xe khong thé di véi t6c dd thip & duding cong ¢6 bdn kinh nhd thif nhat
kip tang t0c di vao dudng cong bdn kinh Idn rdi ngay lap tic lai phdi gidm toc dé vao
duding cong bdn kinh nhd thi hai. Mat khdc, cang nguy hai hon néu ching ta dit
duting cong bdn kinh nhé nim gilta hai dudng cong bdn kinh 1dn, trudng hop nay
thuting hay xdy ra tai nan do 1di xe dang di v6i 8¢ do cao phai dot ngdt gidm (Gc mi
khong duge chudn bi trude khi di tir dudng cong ¢6 bdn kinh 16n vio dudng cong ¢b
ban kinh nhé. Do vdy, mt nguyén tic khi lya chon bdn kinh cia hai duding cong ké
bén 1a sao cho tdc d6 xe chay trén hai dudng cong chénh léch nhau khéng qui 1015
km/h, dong thdi phéi bd tri duding cong chuyén ti&p vdi chiéu dai phit hop véi dia hinh
va di¢u kién xe chay.

D€ thiy rd vai trd clta dudng cong chuyén tiép ta cin phai khio sat chuyén dong
cta OO trén dudng cong véi cic luc tdc dung 18n 6t khi xe chay trén dudng cong ¢6
bin kinh khong d6i.

Trude tién, ta gid thi€t xe di trén dudng cong tron khong bd tf siéu cao va ¢6 mat
¢il ngang 2 mdi (xem hinh 1.3). khi d6 xe c6 thé di & bung duding cong hoic lung
duding cong. Lue Iy tAim C xuft hién hudng ra ngoai dudng cong va vudng goc voi
hudng xe chay.

R
L Gsina -:C'msa Gsing 6Lﬂ3ng cong tron

Hinh 1.3

Khi xe chay v6i t5¢ dd khong d6i v trén duding cong bdn kinh R thi lue ly tim C
duge xdce dinh biing:

10



_ G.v?
R
Trong do: R - ban kinh dudng cong, m;

Hay C

(1.4)

m, G - khdi lugng (kg) va trong lugng (kG) cha 6td;
g - gia tic trong trudng (g = 9,81 m/s?);
v - tdc dO xe chay, m/s.

Luyc ly tAm nay xuit hién khi 6td di 1r duding thing vio dudng cong. Xe chay véi
téc dd cang cao, bin kinh duting cong cang nhd thi luc ly tim xudt hién cang 16n va dé
gy mat dn dinh khi xe chay, 6t6 ¢6 thé bi trugt ngang. Luc ly tim gy ra hién tuong di
chuyén vi tri trong tim clia xe, phin phdi lai trong lugng 1én banh xe 1am banh xe bi
1&ch sang mép do tdc dung cua hyc ngang Y (xem hinh 1.3) bing:

- Y =C.coso £ Gsina (1.5)

Trong d6: o - géc nghiéng ctia phin xe chay.

Thanh phan thi 2 cia (1.5) mang diu (+) khi xe chay phia ngoai (phia bén trdi)
duding cong va mang diu (-) khi xe chay phia bén trong (bén phai) dudng cong.

Luc ngang Y 1a tong hgp cdc lyc gay ra hién tgng trugt clia 6t6. Sy bi€n dang cia
16p xe gdy kho khin cho viéc didu khién 616 clia 14i xe va hién tugng phan bé lai tai
trong khi€n bdnh xe & phia bén trong dudng cong chiu tai it hon banh xe & phia ngoai.
Néu tri $6 lute ngang dd 1dn 1am cho lue kéo ciia banh xe phia trong 16n hon lyc bim
(do lue badm ngang ¢, gidm) s& lam cho banh xe quay tai chd va ¢6 thé xe bi trut.

Mot trong nhitng bién phdp dé gidm luc ngang tai cdc dudng cong ¢6 ban kinh nhd
la ciu tao tric ngang mot mdi tao thinh siéu cao ngiéng vé phia bung dudng cong dé
tri $& luc ngang gidm bt mdt tri s& Gsina.

Bién phap 1am gidm lyc ngang 1a 1am gidm lyc ly tim bidng cdch ting ban kinh
duding cong trong moi trudng hdp cé thé phu thudc vao dia hinh, dia chat va cip hang
cla dudng.

Hé s& lite ngang chinh 14 e ngang don vi va bing:

pzxz—\iii (1.6)
G gR

Thong qua hé s& e ngang u ma xdc dinh duge diéu kién thuin lgi cho hanh khéch di
trén xe. Bing thuc nghiém cho thdy khi p = 0,10 hanh khdch khdng cidm thay ¢o tac
ddng cia e ngang, khi u = 0,15 hanh khiach ¢6 cdm gidc dang di trén dudng cong,
nghia 1 tac dong clia luc ngang con chita ddng k€ va khi 1 = 0,30 thi hanh khic thuc sy
bi x& dily dat ra phia ngoai dudng cong. Do vdy, quyét dinh ban kinh t6i thiéu cda duding

cong nim duge tinh véi tri s& gidi han u = 0,15; vdi ban kinh nay phai bd uf siéu cao:
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V2

Tu: Re—Fm—— (1.7
g.(nxi)
Ta xdc dinh ban kinh &1 thi€u dudng cong nim tng véi do déc siéu cao 16n nhat
bing:

v2
R, = _ (1.7a)
g.(0.15+i™)
V?
Hay R i m (1.7b)

127(015+im)
Trong d6:V - tdc do thiét k€, kmv/h;

i, -dd doc sidu cao kdn nhit chon theo cip dudng, %.

iNEX

D0 doe siGu cao 16n nhat (15) duge Iva chon phu thude vao tdc do xe chay. Tiéu
chuin thi€t ké dudng 6t6 cda Viét Nam (TCVN 4054-05) quy dinh d6 doc siéu cao 1dn
nhit i = 8% ing vdi toc do thidt k€ Vi = 60 + 120 kmvh; i™ = 7% tng véi
Vi = 60km/h va 10" = 6% tdng vdi Vi < 40 kivh. Tri s8 i = 6% dude quy dinh tong
tng vdi hé s6 bdm ngang ¢, = 0,18 vi gid thi€t dd dbc siéu cao tiép nhin 1/4 luc
ngang. Quy trinh thi€t k&€ dudng 6t6 clia My (AASHTO) quy dinh dd doc 57 da clia
siéu cao c¢on phu thude vao loai duding va ciing chon 10" = 6% cho tdt cd cdc cip

dugsng do thi, cu thé€ nhu sau:

Té¢ do thistké V, km/h 20 30 40 60 80 100 | 110 | 120
Puiing dd thi
P& doce siéu cao tdn nhat, 6 6 6 6 ) 6 6 6
i (%) Puting ngoai do thi
6 6 6 7 8 9 9 9

Pé bio dadm 610 6n dinh chdng dude it ngang (dich ngang theo bé mit phin xe
chay) thi tif di€u kién: tong luc chdng trugt bao gdm luc ngang va luc kéo (hay luc
hiim) phai nhd hon hodc bing lyc bam ngang Gy.¢: (G, tdi trong bim ciia binh xe
xudng mit dudng, va ¢; 1a hé sd bam ngang) ta xdc dinh dudc hé s& luc ngang p
khong dudc vudt qua hé s& bam ngang (xem hinh 1.3). Tifc 13 chon ¢, = p. Bdn kinh
dudng cong duge xdc dinh qua hé s& bim ngang ¢; nhy sau:

V2

R=— " (1.8)
g-(p, i)

12



Trong cong thite (1.8) tri s& ¢, duge chon biing 0,15+ 0,20 Wng vdi tinh trang mat
dudng Am va sach.

Trén tiing doan dudng hé s bim ¢ ¢6 mot tri s& xdc dinh va: -

¢ =or +¢5 (1.9)

Bdi vdy, can phdi bdo ddm mdi tiong quan hgp P68 Av.-gy
Iy gitta hé s0 bam doc @; va hé s6 bam ngang @,.
Khi tinh todn né€u chon ¢; cing 1én thi ¢, cing
gidm va cang ¢6 khd ndng mat an toan xe chay do
bi trugt ngang, nhit la khi xe leo dc.

FANNNT NN

& mdi nudc khi tinh todn da chon tri s§ hé s
bam ngang ¢ khdc nhau. CHLB Btc chon
@2 = 0,12 v6i gid thi€t cho ring 1/3 hic ngang dudc
nhén bdi siCu cao va 2/3 luc ngang dude nhin bdi dd

NN NN NN

NN

N

AVAY

bim ctia bdnh xe vdi mit dudng. Achentina xéc

dinh hé s& bam ngang phu thudc vao téc dd nhu sau:

1
= (1.10
2 243V )
. L Hinh 1.4
Trong d6: V - tdc d§ thiét ké, km/h

e} MY, bdn kinh 161 thi€u clia dudng cong trdn dude xic dinh theo cong thife (1.8) va
hé s6 bim ngang dudgc chon phu thude vio tdc dd xe chay. Cu thé 1a:

Toe do xe chay V, km/h | 40 50 60 70 80 90 100 | 110 | 120
Hé s& bim ngang, ¢, 017 1 6,16 | 0,15 | 0,14 | 0,14 | 0,13 | 0,12 | 0,11 | 0,09

1.2. THIET LAP PHUONG TRINH CUA PUONG CONG CHUYEN TIEP

Nhifng nghién cttu vé dn dinh va an toan xe chay trén dudng cong dude néu & trén
cho thay su xudt hién “dot ngdt” cha luc ly tim C, mdt thanh phin ¢d bin cia luc
ngang gdy nguy hi€m cho xe di trén cic dudng cong ban kinh nhd, cling nhu nhitng s8
ligu thong k& & nhiév nude khdc nhav vé tai nan giao thdng xay ra trén cic duting
ving gilip ta tim ra gidi phdp thiét k& khi Iwa chon tdc¢ do tinh todn va quyét dinh cdc
tri s& bdn kinh cong, ddng thifi thay 1d sy ¢dn thiét phai nghién citu xay dung mot doan
duting cong chuyén tiép c¢é bén kinh gidm din dé cho 6t6 khi di tir duing thing ¢6 ban
kinh bing v4 cing vai lue ly tim C = 0 din din ti€p nhin mdt luc ly tim ciing ting tiY

Gv?

tr d&n mot trj 86 xéde dinh C =

tai dudng cong ¢0 bdn kinh R.
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Ta thé hién dé€ thay rd diéu ndy trén hinh 1.5, N&u chi k&t hdp trifc tiép giita dudng
thing va duding cong tron thi lyc ly tim C xuat hién dot bi€n va ¢ tri s& khong déi khi
xe chay trén duding cong tron, 6td vita ra khdi dudng cong lap tic Iuc ly tAm c6 tri s&
biing O (hinh 1.5a). N&u bd tri duding cong chuyén ti€p & hai diu duding cong tron thi
luc ly tAm C s& ting din va chi ¢ tri 58 khong d6i khi xe chay trén dudng tron, sau dé
giam din khi xe ra khéi dudng cong (hinh 1.5b). Trong gidi han cda dudng cong
chuyén ti€p dd cong va tdc do xe chay duge thay ddi. Hinh 1.5¢ 12 so db ndi duding

cong chuyén tiép gitta dudng thing va duding cong trdn cd ban.

a o

Hinh 1.5:
1- Buting cong tron; 2- Pudng thing;
3- Sy thay d&i cha hte ly tim; 4- PuSng cong chuyén tiép

P

Hinh 1.6
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B¢ tim ra mdt dang dudng cong diing lam dudng cong chuyén ti€p trude hét ta khio
sdt cdc diéu kién xe chay trén doan cong chuyén ti€p nay.

Trén hinh (1.6) bi€u thi géc quay o clia 6tH ng v6i bdan kinh quay R. Khi vao
dutting cong 0t thue hién hai chuyén dong déc 1ap bao gdm: chuyén déng tinh ti€n véi
toc d6 v (m/s) va chuyén dong quay véi t8c do goc o (1/s). Néu goi S 1a chidu dai
dudng cong chuyén tiép va o Ia gdc ngoat clia banh xe trude thi van e v va e do6
g0c¢ o xdc dinh theo cdc cdng thife:

ds
v — 1.11
i (1.11)
da
ow=— 1.12
m (1.12)
Tu hinh (1.6) ta ¢6:
{
too = — (1.13)
& R

Trong d6: [ - chiéu dai clia khung gim 0t9;
R - bédn kinh dutng quay.
Do bdn kinh duting cong rit 16n so vdi chiéu dai khung gdm xe nén géc quay

O'.n*vi. Tir do:

P
2
do =-—dp (1.14)
p
2
va o=_1_dp (1.15)
p2 ds
Thay cdc cong thite (1.11), (1.12), vao (1.15) ta duge:
ds:_l.v.dzp (1.16)
o.p

Khi xe chay va » dutng cong vdi t6c dd géc khong ddi o = wg = const. Tich phan
phutdng trinh (1.16 s& dudc:

o Ve (1.17)
Oy -p -

Xdc dinh hiing + ¥ tich phdn C theo diéu kién ting vdi diu dudng cong chuyén ti€p
thi s =0, bdn kinh p = %0 nén € =0, vi phuong trinh (1.17) ¢6 darg:
Lv

@y-p

5=

(1.18)
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Trong trudng hop cu thé tdc dé v va téc dd goc oy cling nhur chidu dai gam xe /12
e s o 3 iv . . . . 2
cdc tri s0 khoéng d61 nén ta dat C =—, khi do phuong trinh cda dudng cong chuyén

1i€p s& 1a:
S=— (1.19)

G cudi duting cong chuyén ti€p co chiéu dai 1a L va bdn kinh p =R nén tit (1.19) ta
duge:

C
L=— 1.20
R (1.20)
Vi thdng s cla dudng cong chuyén ti€p duge bi€u thi bang:
C=R.L (1.21)

Nhu viy: bé tri duting cong chuyén ti€p ¢6 dang (1.19) theo toa dd cyc s& bdo ddm
cho gia toc 1y tam tang tir tif lam cho gdc ngodt cia béinh 14i cling ting tr wr khi€n cho
xe di tif dudsng thing vao duting cong mdt cich thuin ldi.

Tuy nhién, quan sit thuc nghiém cho thay chi khi 6td di vio dudng cong ban kinh
16n thi qu¥ dao cha xe mSi khdng khic nhi€u véi quy dao cda duding cong trdn va sai
léch gitta dudng cong chuyén ti€p dugc tinh theo 1y thuyét so vdi thuce t€ khodng
30 - 40 cm. Do vay, vdi cdc dudng cip thip ¢ tdc d6 xe chay nhé ciing khong cin
phai bd tri dudng cong chuyén ti€p ma chi cin xiy dung doan ndi sidu cao dé chuyén
tric ngang tr hai mai sang tric ngang mdt mai 1a da.

1.3. XAC PINH CHIEU DAI CUA PUGNG CONG CHUYEN TIFP VA CAC PIRU
KIEN AP DUNG

Mot yéu cdu cd ban khi xdc dinh chiéu dai ca dudmg cong chuyén tiép 1a phai thod
miin diéu kién sao cho huc ly tim tdng tir tir, khong giy cdm gidc khé chin cho hinh
khach ngdi trén xe. Nghia 13, trén chidu dai cda dudng cong chuyén ti€p do ting cla
gia téc ly tim [ khéng duge vugt qud trj s& cho phép khi&n ngudi di xe ¢6 cdm gide
khé chiv. Diéu kién nay ta cho I3 diéu kién diu tién.

Diéu kién tiép theo (diéu kién thit hai) 13, rén chidu dai dudng cong chuyén tiép
phii thuc hién viéc chuyén tit tric ngang 2 mdi trén dudng thing dan dan thanh tric
ngang mdt mai khi di vao dudng cong cd ban kinh nhd phéi bé trf siéu cao vdi do doc
iy. Trén hinh (1.7) trinh bay so d& doan duding cong chuyén ti€p thuc hién ¢d chic
ning ndi siéu cao. Theo diu kién ndy thi tai nhitng dudng cong chuyén ti€p chi€u daj
dudng cong chuyén ti€p dutge lra chon khéng nhd hon chi€u dai doan ndi sicu cao tinh
theo cong thite (1.1). (L = Lage)
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Ngoai hai di€u kién trén, d3i véi dudng 6td cdp hang cao v dudng cao tic
(freeway, expressway) c6 toc do thiét k& cao thi chiéu dai dudng cong chuyén ti€p
phdi duge Iya chon sao cho tuyén dugc hai hoa, ém thuin va déu din trong khdng
gian, dat duge d6 bing phiing vé mit quang hoc. Pay 1a diéu kién thit ba - diéu kién
nay giip cho ldi xe yén tim git vitng t6c do khi cho xe chay trén duding cong chuyén
ti€p va lam cho hanh khach ¢6 cdm gidc dé chiju. Theo diéu kién nay thi chiéu dai
dudng cong chuyén tiép thudng c6 tri s6 16n hon chidu dai x4c dinh theo diéu kién bdo
ddm cho gia t6c ly thm ting tiY tir.
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Dudi day ta xdc dinh chiéu dai t6i thifu cda duding cong chuyén tiép thod man didu
kién thit nhit nhu sau:
Theo nguyén tic gia toc ly tAm ting tf tlf, né thay déi tif tri 58 bing O trén dudng
2
thing dén tri s6 16n nhat khi vao dudng cong tron biing =

D0 tang cla gia tdc ly tim duge xdc dinh biing cong thirc:

[=—- (1.22)

. . . TN L . e
Thoi gian xe di rén doan duting cong chuyén tiép dai L bing t = = Thay tri s0 t
v

vao cong thifc (1.22) ta dugc:

A"
I=
R
Vv
Ha I= v m/s> (1.222)
y - .

Tir (1.22a) ta xdc dinh dude chi€u dai duding cong chuyén tiép L biing:
3

W
L= Ri’ m (1.23)
Trong d6: v - (8¢ d) xe chay khong d8i trén dudng cong chuyén tiép, m/s;
R - ban kinh duting cong trdn, m.
Néu V tinh biing km/h va L tinh biing mét, thi:
_ 4_‘}’;_1 m (1.24)

G céc nudce khdc nhau di nghién cifu va dua ra cic tri s& gidi han khic nhau vé do
ting cla gia t6¢ Iy tAm L. Nghién citu cda Shorte (M§) di dua ra cdng thdc xde dinh
chiéu dai dudng cong chuyén ti€p khi trén duding cong chuyén tiép thuc hién doan ndi
siéu cao s& xudt hién mdt thinh phin cla trong lugng 6t lAm gidm lyc ly tim
nhu sau:

VZ
L:gﬂ(——ls.isc} (1.25)

Va dé nghi chon I = 1,3fvs’ (1feet = 0,3048m). Tiéu chudn k¥ thuat thi€t k& ciia M§
quy dinh tri s& I phu thude vio 3¢ do thiét k€, Cu thé I = 0,6 m/s® khi Vi > 80 kmv/h va
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=0,76 - 1,22 m/s* 3 tdc dd xe chay nhd hon va chiéu dai duding cong chuyén tiép toi
thi€u clia M¥ xdc dinh theo cong thife:

N 0,0702V"*
RI
3 Phip, tinh chidu dai dudng cong chuyén tiép 151 thiu theo didu kién gia t6c ly
2
%, A - k' - H ~r W V - * Foe .
tim d dau dudng cong bdng 0 va dat tri s6 bing (E - g.lst{al cudi dudng cong

L (1.26)

chuyén ti€p (g - gia 8¢ trong trudng, m/s?). P ting clia gia tdc ly tim sé Ja:

2
v v
l=| ——gi |~ 1.27
[R glm_]L (1.27)

Tit cong thite (1.27) xdc dinh chidu dai dudng cong chuyén tiép:
2
L={~"——g.ini (1.28)

Tri s6 I duge 13y bing 1 = 0,65 + 1,0 m/s®
Tai CHLB Bifc cling xdc dinh gia t6¢ ly tAm nhu wén va tir phuong trinh dudng

2

o . ; e . AT
cong chuyén tiép (dang xoin d¢ bifc xa clothoid) A>=LR vdi L = v.tthi R = — va do

v.i
- : r'Yy - d Vz . o - " + . - . . N
ting gia toc ly tim I = d_ E — g1, |, v61 ditu Ki€n tai moi duding cong thi (g.i,) 12
t
mot tri s6 khoéng ddi, ta cé:
3
I:% (1.29)

Tri s I thudng chon bling I = 0,4 + 0,6 m/s”. nhung cling tai CHLB D lai cho
ring, trong diéu kién thuin Idi, xe chay vdi t6c dé cao thi chon I = 0,3 m/s’, ngudge lai
trong diu kién xe chay tdc do khong cao thi chon I = 0,8 m/s”.

Tai Thuy Pién 1y I = 0,8 m/s’; Anh I=0,8 m/s*; Y 1=0,8 m/s’.

Ti¢u chudn thi€t k& dudng 6td & Viét Nam trude diy (TCVN 4054-98) quy dinh
chon I = 0,5 m/s’. Theo d6, cong thic (1.24) s& viét thanh:

V3
 23,5R

(1.30)

So sdnh ¢ong thitc (1.24) 4p dung d Viét Nam va ¢ong thic (1.26) cia M¥ cho thay
hai cOng thifc ndy cé dang twong ty nhau, chi khdc nhau bdi hé s6 do chon tri s0 do
ting gia 3¢ ly tim khidc nhau ma thoi.
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Tir cong thite (1.30) cho thiy khi ting ban kinh duding cong tron thi chidu dai dudng
cong chuyén ti€p gidm; nguge lai, ting e do xe chay thiét k& thi chiéu dai dudng
cong chuyén ti€p lai ting 1én ding ké.

Vi du: chiéu dai dudng cong chuyén ti€p t3i thiu dudc tinh theo cong thic (1.30)
vai 1= 0,5 m/s’ dng voi t8c do thi€t k& Vi = 60km/h va Vi = 80km/h nhut sau:

Toc dd thigt k& L nir khi bdn kinh R biing:
Vi, km/h, 500 1000 2000 3000
60 18,38 9,19 4,6 3,06
80 43,57 21,78 10,89 7,26

K&t qué tinh todn cho thdy rd ring: Wng vdi t8c dd thit k&(duge quy dinh cho mdi
cdp duting) néu bdn kinh duting cong duge thiét k& ¢4 tri 6 16n thi duding cong chuyén
tiép tinh theo diéu kién gia t6c ly tdm ting theo quy pham s& khong con may ¥ nghia
vi chiéu dai ctia né tinh duge qud ngdn. Vi thé vdi cdc ban kinh cong R 16n viée quy
dinh xay dung dudng cong chuyén ti€p nhim thda mian muc dich khdc nhu: d€ bio
ddm su déu din quang hoc cda tuyén trong khéng gian.

Céc dudng cong chuyén ti€p dugc thiét ké ¢é chidu dai 1dn vugt qud chiéu dai cin
thi€t theo diéu kién bio ddm gia to¢ ly tAm ting ddn nhiim muc dich chinh 14 loai bd
su sai léch thi gidc v€ hinh dang tuy€n dudng khi dang cho xe chay vé phia trudc.

N6i chung, d€ bdo ddm dj déu dan, bing phing vé mat thi gidc khi di wén dudng
cong chuyén ti€p thi géc ngoit cha tyén phai khong nhé hon 3” va chidu dai duding
cong chuyén ti€p khong nhé hon 1/4 chiéu dai dudng cong tron cd ban.

D¢ bio dim chuyén déu dan tric ngang 2 mdi din din thanh tric ngang mot mdi
trén duding cong chuyén ti€p thi d6 doc tuong ddi clia mép ngoai phin xe chay so véi
vi tri chung cla dudng thi€t k&€ phdi khong 16n hdn 1:70 dén 1:200 wy thudc cip
dudng. Theo di€u kién nay thi chiéu dai duting cong chuyén ti€p dudc xdc dinh theo
cOng thic:

L=nh (L.3D)

Trong d6: 1:n - dd doc tudng ddi cGa doan ndi siéu cao;

h - d6 chénh cao ¢ cudi dudng cong chuyén Gép.

Xdc dinh chiéu dai dudng cong chuyén ti€p theo diéu kién (1.31) dic bidt quan
trong khi doan duding cong chuyén tiép lai duge xay dung trén dudng lén doc ¢é do
dée doc cao,

Chiéu dai dudng cong chuyén ti€p con dude xdc dinh tir diéu kién thoi gian hanh
trinh trén dudng cong chuyén tiép. Vi 14i xe ¢é trinh d6 chuyén mon trung binh thi
thdfi gian nay bing 3s. T ddy xdc dinh chiéu dai dudng cong chuyén ti€p theo diéu
kién nay bing:
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L=3v ,m (1.32)

Chiéu dai dudng cong chuyén tiép 6i thi€u dude xdc dinh tir cdng thite (1.30) duge

tinh theo di€u kién xe chay v6i van ¢ khong ddi (vén tac thi€t k&). Tit quan hé giita
tde dd cho phép trén dudng cong tron:

Vv = J127R (9, +i) (1.33)

cho thiy trong diéu kién 3¢ d xe chay chua dat t6i tri s6 tdi han thi chiéu dai duking
cong chuyén ti€p ting cing vdi ban kinh dudng cong tron (R) ting,

Theo tiéu chudn thiét k& dudng 816 cda Lién X6 cii thi quan hé phu thude trén
nhyf sau:

Bang 1.1

600 1000
+1000 | +2000

Lm | 30 | 3540 | 45 | 50 [ 60 | 70 | 80 90 100 | 110 120 160

Rm | 30 | 50 | 60 | 80 { 100 | 150 | 200 | 250 | 300 | 400 | 500

Theo k&t qud nghién ciu clia M.GOS va V.Vexelu (CH Séc) thi khong nhit thi€t
phéi xdy dung duting cong chuyén ti€p tai cic dudng cong tron khi toc do thiét k&
V =120 km/h vdi R 2 1200m
V = 100 km/h véi R = 900m
V =80 km/h vdi R 2>700m
Tiéu chudn thi€t k& dudng 616 cia CHLB Pifc quy dinh khdng thiét ké dudng cong
chuyén ti€p vai cic duding cong nhu sau:

Khi V, km/h Rimins m
< 80 1500 (didu kién han ch& 1000)
> 80 3000 (diéu kién han ch& 2000)

va cling khong thiét k&€ duding cong chuyén ti&p khi gée ngoit nhd hon 9"
Tiéu chudn thi€t k& dudng 6t cia nude Cong hda Phap quy dinh chidu dai duding
cong chuyén ti€p &i thi€u dugc tinh tir cdng thitc (1.28) va néu trong bang (1.2)

Bang 1.2
Tac dd tinh todn
V- kh 40 50 80 100 120
Ry, 0 40 120 240 425 605
L,m 55 85 110 135 150
R hong sicu caas M1 400 600 900 1300 1300
 L.m 70 85 105 145 200
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Dé bdo ddm tinh thim my, duting cong chuyén tiép van dudc thiét k& vdi ban kinh
dudng cong tron 16n.

Vi du: Cong hoa Séc vin thi€t k€ dudng cong chuyén ti€p vdi ban kinh < 2000m,
tiéu chudn cla Hungari - R < 3000m. Tiéu chuin thiét k€ dudng cha Lién X6 cii quy
dinh thi€t k& duding cong chuyén ti&p khi:

R < 3000m doi vdi dudng cap I,

R < 2000m d6i vdi cdc cip dudng khic.

G CHLB Puc ciing cho thdy ¢An phai xay dung dudng cong chuyén ti€p véi cdc ban
kinh R < 1500m khi t5¢ dd xe chay V = 60km/h, con khi toc do xe chay 16n hon thi
duding cong chuyén ti€p dudc xiy dung vdi cdc duding tron ¢é bin kinh R < 3000m.

Quy trinh thiét k& dudng 616 cla Viét Nam chua néu that rd van dé nay, nhung
chitng ta c6 thé hi€u tri s& ban kinh 16n nhit c6 dd déc siéu cao i = 0,02 tuy thude
vao téc do thi€t k€ Vi = 60 + 120 km/h néu trong TCVN 4054-05 12 gisi han trén va
cin tham khdo cac sd liéu cha cdc nude nhu dd néu 8 rén dé thiét k&€ dudng cong
chuyén ti€p ddi véi cdc duding cong tron ¢6 ban kinh 16n khi thiét k& cdc dudng cao toc
(Freeway hay Expressway) hodc cdc dudng 6t0 ¢ong cdng cip cao (highway) ¢d tdc
dd xe chay thiét ké tir V > 60km/h.

Tém lai, Wy thude vao cap duding, téc do thiét k&€ didu kién cy thé cla dia hinh dé
quyét dinh lva chon chiéu dai dudng cong chuyén tiép ung véi mdi ban kinh thiét ké
cla dudng cong tron - chi€u dai dudng cong chuyén ti€p Iwa chon ¢6 thé phii thod
min mdt s& hodc tit cd cdc didu kién nhu di duyc irinh bay & trén.

Céc diéu kién nay 1

1 - Bdo ddm gia t6c ly tam ting i tif trén sudt chiéu dai dudng cong chuyén tiép
cho d&€n mot tri s8 nhat dinh vio dudng cong cd ban (cdng thife 1.22);

2 - Bio dam wén dudng cong chuyén tiép thuc hién dudc doan ndi siéu cao dé
chuy€n dan ¥ tric ngang hai mdi sang tric ngang mdt mai c6 dd ddc bing do déc siéu
cao (1) (cong thic 1.1);

3 - Bdo ddm d6 déu diin khong gian va ém thudn vé mit quang hoc cda tuyén trén
duting cong chuyén ti€p dé€ ldi xe yén tim diéu khién xe chay vdi tdc do thiét k&
mong mudn, ning cao an toan va thudn 1gi cho xe chay (nguyén tic chung da néu §
trén). Nhitng nghién cifu chi tiét theo diéu kién nay dudc rinh bay & chuong ti€p theo;

4 - Bido dam thyc hién dugc viéc chuyén déu din tic ngang hai mdi sang tric
ngang mdt mdi, nhat I1a khi dudng cong chuyén ti€p niim trén doan 1én d6c ¢6 do d6e
I¢n (cong thic 1.31); '
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5 - Bdo ddm cho l4i xe ¢d trinh d k¥ thudt trung binh c6 di thdi gian diéu khién
tay ldi quay xe tr tif (cOng thitc 1.32).

Trong 5 diéu kién di néu thi dbi véi dudng 616 cap thip c6 toc do xe chay khéng
cao chi cAn bdo ddm 2 didu kién trén la chil yéu. Con d6i vdi cdc duding 6td cip cao,
dudng cao tdc ¢6 toc d6 xe chay 16n thi cdn bio ddm c3 5 diéu kién di néu.

1.4. XAC PINH CHIEU DAI PUONG CONG CHUYEN TIEP KHI XE CHAY VOI
TOC PO THAY POI

Thong thudng xe chay trén dudng thing ¢6 (8¢ do cao hon khi di trén duding cong,
nhi’t 1a dudng cong ¢6 bdn kinh nhd. Do vay, khi di vao dudng cong chuyén tiép ldi xe
thuting gidm tSe do, chuyén tir tde d6 xe chay trén dudng thing v, sang toc dd chay
trén duting cong v.. Khi cho xe di vao duting vong cé bdn kinh nhd, 1di xe thutng s
dung phanh dé him cho xe chay cham lai. Xc gidm t6c d sinh ra gia t0¢ Am b, khi ra
khdi dudng cong ldi xe cho xe ting tdc tao nén gia tOc dudng a trén dudng cong
chuyén tiép.

Chiéu dai duting cong chuyén ti€p cho xe di tif duding thing vao dudng cong tron
phu thudc vao tri s& hra chon cla gia tdc a.

Téc dd trung binh ciia 66 di trén dudng cong chuyén tiép bing:

— VT. + vc

vV, =
tb
2

Trong do: v;, v, - toc dd xe chay trén duting thing va khi vao duding cong trdn.

(1.34)

Thoi gian xe di trén dudng cong chuyén ti€p

f= Ve (1.35)
a
va chiéu dai dudng cong chuyén ti&p:
v, +v. ) (v, -V,
L:Vm-t:( { L)( | L) (136}
2 a
viov?
hay o=l (1.37)
2a

Trong cong thie (1.37) td¢ do tinh biing m/s, gia td¢ a tinh biing m/s® va chiéu dai
duding cong chuyén tiép tinh biing mét. N&u t6¢ do tinh biing km/h, thi:

2 2
V2oV

26.a

Tri s8 gia tde a thuding chon bing 0,8 - 1,5 mv/s® khi xe gidm tdc dd vao dudng cong
v a=0,6 - 1,2 m/s’ khi xe ting tdc ra khdi duding cong.

L= (1.38)
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Ciing ¢ ¥ Ki€n cho ring nén chon tri s& gia to¢ 4m a = 2,4m/s” khi tinh chiéu dai
gidm (3¢ va 13y a = 0,9m/s” d€ tinh chiéu dai doan ting tdc.

Néu thay cdc tri 8 V, va V. biing tdc¢ dd diu V, va tdc dd cudi V; ta sé tinh duge
chiéu dai doan tang t6¢ hay gidm to¢ S ding dé thi€t k& cdc dai chuyén t6¢ khi xe di
tr duding chinh vao dudng phu va ngudc kai:

V2 _y2
§=_1 2 (1.38a)
26.a
T cOng thite (1.37) ta dudce:
y )
vy =V,
a=———2=% 1.39
L { )

Tai di€m bat k¥ cdch dau dudng cong chuyén ti€p mdt khodng ! ¢6 bin kinh cong p
thi gia toc ly tim ting ty 1& v6i chiéu dai dudmg di clia 6td. D6 tang cta gia tdc ly tam:

2
[=-L% (1.40)
p.t
Khi p =R, v. = v, thi dd tiing cha gia toc ly tam biing:
vi{v, +v,
1 =..‘__(_Y_'__L) (1.41)

2R.L
Thay trj s& a tir (1.39) va 1 1ir (1.41) vao (1.40) va rit ra dude cdng thife xdc dinh
bdn kinh cong tai mdt di€m bl ky trén duding cong chuyén tiép:

~ vp(vl -v.).R

TV,

[N

(1.42)

Toe dd xe chay tai mdt di€m bt ky trén dudng cong p cich diu dudng cong
chuyén ti€p mdt khoang [ duge xdc dinh tir cdng thic (1.39):

v, =\;'vf -2.al (1.43)

v N Lt s -
PDit x=—;y= g—;n = —L thi phuong trinh duding cong chuyén tiép duge viét thanh:
P Ve

, (n—l).:n2 —x.(n2 —l)] (1a8)
n-— nz—x(nz—l)

Phudng trinh (1.44) rdt phtt hdp v6i quy dao thuc & clia xe chay phdi hiim xe khi di
vio duding cong c6 bian kinh nhd va ting tdc khi ra khéi dudng cong. Bdi viy c6 thé
col phuong trinh (1.44) 12 dudng cong him. N6 duge dng dung Khi thi€t k& bd tri dudng
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cong tai cdc ndi giao nhau cla duing, cdc mit giao thdng khdc mifc va tai cic dudng
viing nidi do dia hinh kho khin phéi thi€t k&€ nhiéu duding cong c6 ban kinh nhd.

Gia t6¢ ham xe phy thudc vao tdc dd xe chay va bin kinh duting cong tron. G M§
dd xdc 1ap diéu kién xe chay thuin lgi khi gia t6¢c him khong vugt qud tri s8 16, 1ft/s.

Quan hé gilfa tdc d) xe chay V(km/h), bdn kinh R(m), va gia tdc a = 4 m/s’ dudc
bi€u thi trén hinh 1.8.

Tir dd thi ta ¢6 thé xdc dinh duge 8¢ do cho phép di trén mot duding cong ¢6 ban
kinh xdc dinh R ttng vdi gia t6¢ 4m nén chon. Vi du dudng nhanh ré thi€t k& ¢ ban
kinh R = 55m thi tdc d xe chay cho phép s& 1a 40 kivh, khi d6 gia td¢ dm chon bing
1,5 m/s”. Khi a = 4 m/s” thi khéng bdo dim tdc do xe chay gita mot cach déu din.

¥, km/h
20 20
18
20 1.8
1.7
16 \
40 -« ™ -
1'51\\ Cac gia tri gia t6c ham xe
: {cc ghi tren dudng cong
50 + 14 \x
i \\
1
1.3
| L3
80 ! [~
10 30 50 55 70 a0 110 130R, m

Hinh 1.8: Quan hé phy thuic cia toc do xe chay gia t6c hidm vao bdn kinh dwong cong tron.

Nhitng vin dé dugc trinh bay & phan 1.3 va 1.4 trén diy cho thdy ¢6 hai trudng hop
ap dung dé€ xdc dinh chiéu dai dutng cong chuyén tiép:

- Trén cdc dudng 616 cip hang cao va dudng cao 3¢ dudge thiét ké vai 16c do thiét
k€ khong nhé va lya chon cde dudng cong nim ¢ bdn kinh tudng d6i 16n thi chiéu dai
duting cong chuyén ti€p dugc tinh todn véi toc dd xe chay trén dé vdi toe do khong ddi
trong khi vin bdo ddm gia 3¢ ly tdm ting tir r trén sudt chiéu dai dudng cong
chuyén tiép.

- Tal cdce ndt giao thong, khi cho xe di vao dudng ré (ré phai hay r€ trii) lai xe phai
gidm 8¢ db va khi ra khdi dudng 1@ 141 xe phdi cho xe ting 8¢ d6; 1dc dd xe chay trén
doan duting r& s& thap hon so vdi di trén duding chinh. Vi vy, doan dufting cong
chuy€n ti€p & dau vao va diu ra cda duding 1é phai dudc thict k€ vai tdc do thay d6i
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(ting hodc gidm tc¢). Cling nhu vay, tritde khi di vio dudng cong ¢é ban kinh nhd
chiéu dai dudng cong chuyén ti€p dugc tinh tir diéu kién him xe vdi (3¢ do cudi bing
toc d9 han ché tong wng vdi duding cong tron cé ban kinh R duge thiét ké.

Chuing ta ciing cin lwu ¥ riing dudng cong chuyén ti€p ¢é chiéu dai tang ty 18 thuin
(bic ba) vdi toc db xe chay va ty 1€ nghich vdi bdn kinh dudng cong.

Ta thit tinh chi€u dai dudng cong chuyén ti€p cho duting cao tdc cip 60, 80 va 100
(Theo tiéu chudn Viét Nam TCVN 5729-97) khi chon I = 0,50 m/s>. K&t qui nhu sau
(chua quy tron):

Toc do thi€t k& V, km/h 60 80 100
Tinh vdi R = 300m 30,64 72,62 141,84
Tinh véi R = 500m 18.38 43,57 85,11

Tir k€t qua tinh cho thay:

Cung chon ban kinh R = 300m thi chiéu dai duding cong chuyén ti€p & cap 80 gap
2,37 1an so v6i ciip 60 (Rpyis ciia cip 80 13 240m) va ciing chon bdn kinh R = 500m thi
chiéu dai dwdng cong chuyén ti€p & cap 100 gip 4.63 lin so vdi cap 60 (R, = 450m
déi véi clp 100). Tuy nhién, vdi dudng cao tdc thi thod méin do bing phing vé mat thi
gide 1A mot yéu ciu rat quan trong. Biing cich cho ring cdc chiéu dai dudng cong
chuyén ti€p dudgc tinh néu trong bang trén biing 1/4 chiéu dai dudng cong K (xem phin
1.3), ta xdc dinh gdéc ngoit o can thi€t dé€ bdo dim diéu kién nay nhu dudi day:

Téc d6 thi€t ké V, km/h G6c ngodt thigt k€ «, (°)

60 30 100
R =300m 23%40 555 5420
R = 500m 8'42 1998 3920

Nhu vay, rd rang 1a cdc tri s goc ngoit o ghi trong bang 13 tri s& gidi han. Mudn
cho tuyé&n dat do bing phing quang hoc thi chiéu dai qutng cong chuyén ti&p thod
man khdng nhiing theo di€u kién bdo dim gia t¢ ly tim tang tir tif ma con phai thod
min diéu kién géc ngodt gidi han tng véi mdi ban kinh va t6c do thift k& ciia mbi cip
hang k¥ thuit cha dudng.

1.5. CAC PUGNG CONG TOAN HOC PUCOC AP DUNG LAM PUGNG CONG
CHUYEN TIEP

Bi tir 1au, d6i vdi duding 0td thdng thuting, dudng cong chuyén ti€p dudc coi 1a mot
y€u 8 phu d€ ndi ti€p cdc doan thing vdi cdc dudng cong trdn trén binh dd, & diu
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dudng cong chuyén ti€p tic 1a cudi doan thing tai d6 ¢6 bén kinh biing v cing, trén
duding cong chuyén ti€p ban kinh nay gidm din va & cudi dudag cong chuyén (iép e
la dau dudng cong tron thi ban kinh dat iri s& bang ban kinh dudng cong tron. Tri 6
ban kinh nay phdi gidm din din dé cho gia t5¢ ly tim ting tir tiY.

C6 mot s6 dang duding cong todn hoc ¢6 thé thod man nhiéu hay it yéu ciu trén. D6
la cdc dudng cong xofin Gc c xa hay goi 1a clothoid; dudng hoa thi Lemniscat
Becnulli; dudng Parabol bdc ba va bic bdn. Ngudi ta di sif dung mdt phin cda cdc
duting cong todn hoc niy dé lam dudng cong chuyén tiép; cling ¢6 thé phsi hop 3
dudng cong ¢6 ban kinh khdc phau dé lam duding cong chuyén ti€p - Hinh 1.9 trinh bay
3 dubing cong todn hoc duge néu & trén. Cdc duding cong nay dudc dp dung rong rii
trong thuc t€ thi€t k& duding oto.

NoO1 chung, dudng cong clothoid
duge dp dung lam dudng cong chuyén
ti€p la phd bi€n hon & nhiéu nudc.
Putng hoa thi Lemniscat dugc st
dung nhiéu & cdc nude trong khdi lién 2
hiép Anh. Pudng cong phdi hop 3 1 3
dudng cong trdon ¢é bdn kinh khéic
nhau thudng dugc diung dé thiét k&
dudng cong tai cdc nit giao thdng va
cdc dudng 616 cip thip. Pi tir lau
CHLB e da uing dung dudng cong 3

45°
bin kinh d€ thiét k&€ duong dia g X
phudng. O Lién X6 cii tir nam 1933 k§
su A.X. Bozencd di lip bing phoi Hink 1.9: Cdc duimg cong chuyén tiép
hop t61 5 dudng cong vdi ban kinh thd 1- Pudng Lemniscat Beenulli; 2- Clothoid;

nhat gap 3 lin, bén kinh thi 2 gdp 1,5 3 Bubing parabol bic 3
1dn ban kinh ¢o ban. G Ao, gido sut Orlay di dé nghi cAm phdi hgp 3 ban kinh trong d6
dudimg cong dau tién c6 bdn kinh biing 2 1an bén kinh cd ban.

Tiéu chuin dé€ lva chon si dung loai dudng cong todn hoc nao lam dudng cong
chuyé€n ti€p phu thudc vao hai didu kién cd ban la:

- Dang dudng cong phit hgp vdi qu¥ dao chuyén dong cda xe;

- Tinh todn va c¢dm dudng cong dugc don gidn va dé dang.

Dudi ddy chiing ta xem xét chi ti€t timg loai duding cong.
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1.5.1. Puéng cong cothoid

1.5.1.1. Phuong trinh duong cong clothoid

Phudng trinh duting cong clothoid & toa d6 ddc cye cd dang:
Al

s

Trong d6: p - ban kinh dudng cong, ty 1& nghich vdi chiéu dai dudng cong chuyén

b (1.45)

tiép S;
A - thdng s0 cla dudng cong.

Dai chiéu vdi céng thite (1.19) duge 1ap cho dudng cong chuyén tiép S= < thi rd
p

rang 12 dudng cong clothoid (1.45) hodn toan phit hgp véi phuong trinh cda duting
cong chuyén tiép va thong s6 C=A>=RL

Tir d6: A=JC=VJRL (1.46)

Suf phit hgp nay khi€n dudng cong clothoid duge st dung Iam dudng cong chuyén
ti€p cho duding 61,

Trén hinh (1.10a) biéu thi dudng cong todn hoc clothoid va si k€t hap cla dudng
cong clothoid ndi doan thflng véi duding cong tron ¢hinh 1.10b).

bé tién Igi cho viée cim dudng cong clothoid ngudi ta chuyén phuong trinh (1.45)
tr toa d§ ddc cuce sang Loa d6 Descarte (toa dd vudng gaoc). Cach thuc hi€n nhu sau:

Burtmg cong trén

0

a)

. ~
Buongcong ~
clothoid -~

Hinh 1.10

Tir hinh (1.10b) ta ¢6:
dS =p.dp

dx =dS.cosp va dy =dS.sinf3

Nhu vay: x = fdx = fcosp.dS (1.47)

0 0
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y 5
y= [dy= [sinp.dS (1.48)
0 0

Trong d6: P - géc tao nén bdi ti€p tuy€n cla dudng cong vai truc hoanh;
S - chiéu dai dudng cong chuyén tiép.
T dS = p.dp ta co:
ds
dp=— vap= f
p o P (1.49)

C
Vdi dudng cong clothoid thi p = § , thay vao (1.49) ta dudc:

SdS _ 32
B= j' (1.50)

Khai tri€n cosp va sinf dusi dang chubi, thay vao cdc cong thic (1.47), (1.48) va
tich phan hai biéu thiic nay s& dudc:

5 s B2 B4
x = [cospds = j{l——+——... ds (1.51)
21 4
0 Q
_ T LB
y_ofbmﬁds ]{ SETRE L (1.52)
Thay tri s& goc Bty cdng thite (1.50) vao (1.51) va (1.52) thi:
5 9 13
K =5 —> St S — S —+... (1.53)
40C?  3456C*  599040C
S3 S? S]l S]S

y= (1.54)

‘e 7t 5 70
6C 336C° 42240C° 9676800C
Cdc phuong trinh (1.53) va (1.54) biéu thi duwding cong clothoid dudi dang toa d6 vudng
g6¢ - chiing duge sd dung d€ cdm duding cong chuyén ti&p clothoid cho duting 6t5.
N&u thong s& duge biéu thi qua A =+vRL thi cdc ¢dng thie biéu thi toa do (1.53)
va (1.54) sé c6 dang:
5 9 13
x=8- S ~+ S == > TR (1.55)
40A°  3456A% 599040A
g3 g7 g gls
2 &t 10 14
6A° 336A° 42240A7 9676800A

Do cdc chudi x vd y hoi tu rat nhanh nén trong thue té€ ¢dm cong ngudi ta chi cin

y= (1.56)

tinh d€n hai s& hang dau Ja dd.
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Theo diéu kién bién cia dudng cong clothoid thi & diu dudng cong S = 0, cudi
duding cong S = L (chi€u dai dudng cong chuyén ti€p). Khi d6 géc tao bdi tiép tuyén
vdi truc hoanh xac dinh bing: |

2
B= L—, vi C=RL
2C
nén [3=L , rad (1.5
2R
hay B=63,6620-£‘— , 4o (1.57a)
2R

Tur cdc bidu thic trén ta ¢6 thé 1ap cdc cong thitc thé hién mai lién quan gilta thdng
$0 A, bdn kinh R, chiéu dai dudng cong chuyén tiép L, géc ti€p tuyén B nhu sau:
Bang 1.3

B
Al A? L
R L 2R
L %

A
- T
QQ\ a”’
i)
b2
b

1.5.1.2. Bdc diém ciia duirmg cong clothoid

Pic diém clia dudng cong clothoid 13 cdc dudng cong nay tuy cé chiéu dai va théng
$& khdc nhau nhung chiing 1udn ludn gi6ng nhau vé mat hinh hoc va chiéu dai ciia
duting cong thay d8i ty & thuin vai thong s& A. Hinh 1.11 biéu thj 3 nhanh duding cong
clothoid ¢6 céc thong s6 khdc nhau (A| < Az < As).

Hinh 111

Sy gidng nhau vé dang hinh hoc clia cdc dudng cong clothoid cho phép xdc ldp
dugc mdi twong guan giita cdc thdng sd A, R, L, B tai cac diém dic trung clia clothoid.

Biing cich dira vao khdi niém bdn kinh don vi r = %
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Cho ta cdc quan hé: A=rL (1.58)
R=rA=r’L (1.59)
A R
L=—= — (1.60)
T r
L 1
B==— (1.61)
2R 2r
Hinh 1.12: Cdc diém ddc trung ciia clothoid
Bing 1.4
A
r= R - L R A R
A r’ — r.L. r.A L — -
T T r
0,5 2,0 2R 0,5L 0,5A 0,25L 2A 4R
0,71 1,0 1,4R 0.71L | 0,71A 0,5L 1,4A 2R
1.0 0,5 R L A L A R
i,5 0,22 0,67R 1L5L 1.5A 2,25L | 0,67A 0,44R
2,0 0,125 0,5R 2L 2A 4L 0,5A (,25R
2,5 0,08 0,4R 2,5L 2,5A 6,25L | 04A 0,16R
3,0 0,056 0,33R 3L 3A 9L (0,33A 0,11R
4,0 0,031 0,25R 4L 4A 16L : 0,25A 0,067R
5,0 0,02 0,20R SL 5A 25L 0,20A 0,04R
10,0 0,005 0,10R 10L 10A 100L | 0,10A 0,01R

Cic tri s8 tinh dudc tir cdc cOng thifc 6 (1.58) dén (1.61) cho cdc diém dic trung
dugc ghi trong bang (1.4) va thé hién trén hinh (1.12).
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Tai doan nim ngoai di€in dic trung 1 ¢6 A = R = L dudng clothoid ¢6 dd cong qua
16n khong phir hop diing 1am duding cong chuyén tiép trén duding 6t6. Pham vi dudc st
dung duding clothoid 1am dung cong chuyén ti€p 1a doan tit 1 d&€n 4 (trén hinh 1.12).
khi d6 goc gilra cac duding tang 3 vi tri nay bing B = 0,5 rad.

Khi thiét k& ngudi ta sit dung cdc sd liéu trong bang 1.4 dé€ ché tao ra cdc thude
khudn mau clothoid (vin dé nay sé& dugce trinh bay & phin sau)

Pd cong caa clothoid duge xdc dinh nhu sau:

=B _1 (1.62)
dS R

Va dudc th€ hién trén hinh (1.13)

b}

k=—=0

1
= 3]
Hinh 1.13: Binh di va duing biéu dién dj cong ciia duimg clothoid
a) Puiomg cong clothoid; b) Biéu di thay d0i dé cong k.

Mot dac di€m rit dude quan tim clia dudng cong clothoid la: hai dudng cong
clothoid déng dang vdi nhau khi:

S, =kS,
R, =kR, (1.63)
A, =kA,
Cung uic la:
X, = kX,
Y1 =ky,
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Trong d0: Sy, Ry, Ay, Xy, ¥1 - cdc thdng $6 clia duding clothoid 1;
S2. Ra, Az, X, y2 - cde thdng 58 clta dudng clothoid 2;
k - hé 56 17 1&.

Dya vio dic di€m nay ngudi ta da lap bing tinh sin cdc toa do x,, y; cda dudng
cong clothoid ¢6 théng s6 A = 1 (xem bang 1.5) d€ cAm dudng cong c6 thong s6 A bat
ky. Cdc toa d6 ciia duting cong chuyén tiép clothoid thigt k& tai mdi di€m bat ky trén
dudng cong nay ¢é tri s§ bing:

{xi = Xpang-A (1.64)
¥i = Yoing-A
Bang 1.5
S=L X y S=L X y
0,01 0,010000 0,000000 0,51 0,509138 0,020820
0,02 0.020000 (3.00000t 0,52 0,519050 0,023404
0,03 0,030000 0,000004 0,53 . 0,528935 0,024778
0,04 0,040000 0,000011 0,54 (,538850 0,026204
0,05 ,050000 0,000021 0,55 0,548743 0,027684
0,06 0,060000 0,000036 0,56 0,558625 0,029218
0,07 0,07G000 0,000057 0,57 0,568498 0,030807
0,08 0,080000 0,000085 0,58 0,578361 0,032453
0,09 0,090000 0,000121 0,59 0,588215 (0,034156
2 0,1 (,100000 0,000167 0,6 (,599059 0,035917
0,11 0,110000 0,000222 0,61 0,607892 0,037737
0,12 0,119999 0,000288 0,62 0,617714 0,039617
0,13 0,129999 (,000366 0,63 0,627523 0,041557
0,14 0,139999 0,000457 0,64 0,637321 0,043560
0,15 0,149998 0,000562 0,65 0,647105 0,045624
L 0,16 (0,159997 0,000683 0,66 (1656876 0,047754
0,17 0,169996 0,000819 0,67 0,666633 0,049947
0,18 0,179995 0,000972 0,68 0,676374 0,052206
0,19 0,189994 0,001143 0,69 0,686100 0,054530
0,2 0,199992 0,001333 0,7 0,695810 0,056922
0,21 0,209990 0,001543 0,71 0,705503 0,059382
0,22 0,219987 0,001775 0,72 0,715178 0,061910
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Bang 1.5 (ti€p theo)

S=L X y S=L X y
0,23 0,229984 0,002028 0,73 (1,724834 0,064508
0,24 0,239980 0,002304 0,74 (,734472 0,067177
0,25 0,249976 0,002604 0,75 0,744089 0,069916
0,26 0,259970 0.002929 0,76 0,753686 0,072728
0,27 0,269964 0,003280 0,77 0,763261 0,075613
0,28 0,279957 0,003658 0,78 0,772813 (,078571
0,29 (0,289949 0,004064 0,79 0,782342 0,081603
0.3 (,299939 0,004459 0,8 0,791847 0,084711
0,31 0,309928 0,004964 0,81 0,801326 0,087895
0,32 (},319916 (,005460 0,82 0,810780 0,091155
0,33 0,329902 0,005988 0,83 0,820206 0,084493
0,34 0,339886 0,006549 0.84 0,829605 0,097909
(4,35 0,349869 (1,007144 0,85 (,838974 0,101404
0,36 0,359849 0,007774 0.86 0,848314 0,104978
0,37 0,369827 0,008439 0,87 0,857622 0,108633
0,38 0,379802 0,009142 0,88 0,866898 0,112368
0,39 0,389774 0,009882 0,89 0,876141 0,116185
0.4 (,399744 0,010622 0,9 0,885349 0,120084
0,41 0.,409710 0,011481 0,91 (1,894523 0,124066
(,42 0,419673 (0,012341 0,92 0,903659 0,128131
0,43 (0,429633 0,013243 0,93 0,912758 0,132279
0,44 0,439588 0,014188 0,94 0,921817 0,136513
0,45 0,449539 0,015176 0,95 0,930837 0,140831}
0,46 0,459485 0,016210 0,96 0,939815 0,145235
0,47 0,469427 0,017289 0,97 0,948751 0,149724
0,48 0,479363 0,018415 0,98 0,957642 0,154301
0,49 0,489294 0,019588 0,99 (966488 0,158964
] 0,499219 0,020810 1 0,975288 0.163714

Vi du: Cim dudng cong chuyén ti€p L = 80m thong s A = 200m bing cich s dung

bang (1.5). tacé: S =L =80m; § =—89—= (0,40
A 200

Viy toa dd ¢ di€ém cudi dudng cong clothoid bing:
X0 = 0,399747 x 200 = 79,948m
yo = 0,010662 x 200 =2,1324m
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Tinh cdc di€m trung gian tng véi S = 10, 20, 30, 40, 50, 60, 70 va 1ap thanh bang
k&t qua sau:

S, m ; %(X ba I‘lg) %(y béng) x= xhﬁng.ZOO m ¥y= yhéng.Z{}O m
0 0,00 0,600000 0,000000 0,000000 (,000000
[0 0,05 0,050000 0,000021 10,00000 0,00420
20 (110 0,100000 0.000167 20,000000 0,03340
30 0,15 0,149998 0,000562 29,9996 0,11240
40 0,20 (},199992 0,001333 39,9984 (3,26660
30 0,25 0,249976 0.002604 49,9952 0,52080
60 0,30 0,299939 0,004499 39,9878 0,8998
70 (3,35 0,349869 0,007144 69,9738 0,14288
80 0,40) 0,399747 0,010662 79,9480 2,13240

1.5.1.3. Cdm dudng cong cothoid:

C6 hai phuong phip cim duding cong clothoid. D6 1a:

- Cim dudng cong theo gée va cdt tuyén (theo toa do ddc cuc):

- Cam theo cac toa df x, y cia toa do vudng géc.

Dudi day trinh bay chi tiét cich cim cong theo titng phudng phdp

1.5.1.3.1. Cdm cong theo cdc géc va cdt tuyén

D¢ cdm duge duding cong theo phuong phdp niy ta phai biét duge céc goc thay ddi
cla toa do ddc cyc (w;) tai cde diém cin cim cia dudng cong.

Tu cdc tri s0 cha toa d6 vudng géce (x,y) xac dinh theo cdng thitc (1.51) va (1.52) &

trén ta co;
7 4 6
x =,/2Cp 1—B + B - p +... (1.65)
52! 94 136!

y:\}2CB[E— B + B p’ J (1.66)

3730 115 157!
Trong d6: S =,/2CpB
Tir hinh (1.14) bi€u thi sd db cdm cong duking clothoid theo phiring phdp géc va cat
tuy€n cho ta xdc dinh trd s0 cda cdc goc dic cuc ; ing vdi cic toa dod x,y nhu sau:

BB B
373t 1! 1571

2 4 6
I_B _+£—- — [—3—— +...
5.21 94! 13.6!

tga =

b4
X
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Hay: tgot = (1.67)

Hinh 1.14

P& ciim cong dé dang gido su Dawson (Anh) dé nghi xdc dinh goc ay tir goe gidi
han v&i hé s6 hiéu chinh nhy sau;

aﬁ%—Ns (1.68)

Ny - hé s6 hiéu chinh. Ng phu thudc vao goc a ¢é céc tri:

Bing 1.6

a’ NS o’ NS

9 0.016 15 0,076
10 0,022 16 (,093
11 0,030 17 0,111
12 0,039 18 0,133
13 0,062 19 0,157
14 20 0,184

Vi céc tr s8 g6e 20" < o < 8 - 9° thi hé s8 hiéu chinh Ng radt nhd nén c6 thé bd qua.
SZ
Tir cong thite (1.50) B = 5C cho thidy géc lip bdi ti€p tuyén clia dudng cong

clothoid v6i truc honh ty 1& binh phuong vdi chiéu dai dudng cong chuyén ti€p, vi thé
néu ta chia dudng cong chuyén ti€p thanh mdt s& doan cé chiéu dai bing nhau va
bing ! thi d& dang xdc dinh dudc cdc goc cha cdc dudng cdt tuyén thi 2, thii 3,..theo ty
1¢ binh phudng trén. Tic 1a:

Vdi cdt tuyén thit nhit ¢é goc P, th

21)?
Vi cdt tuyén thit hai: B, = o - 4B,
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, (31)*
Vi cdt tuyén thi ba: B, :ngﬁl

(1)’

Vi cdt tuyén thi i: B, = T =i,

BT (Y,
Vdicdt tuyén thirn: B, = ETE =n"p,

Nhu vy néu duding cong chuyén tiép cé mdt sd nguyén n cat tuyén khi chia thi géc
ddc cye vdi mbi cat tuy€n dude xdc dinh bing cdng thiic:

2
Ve =a[n.%) (1.69)

B

Trong do: o :};;

S; - chiéu dai mbi doan cdt tuyén, (m);

L - chiéu dai dudng cong chuyén ti€p,(m);

n - s0 lugng cat tuyén duge chia déu.

Vi du I Pudng cong chuyén ti€p c6 chiéu dai L = 100m, ban kinh duding cong trdn
R = 600m thi B = Lz _ 190 _ 00833 te 4%6°. Goc o =P = 4766 10351207~ 95
2R 2.600 3 3

do d6 i s6 cdce gée doe cuc twong Wng vdi mdi doan chia déu dai 20m (gdm 5 doan)
nhu sau (dp dung cong thitc 1.69).

2 2
o, =95 20 =3'48"; oy =957 232 =15"12"
100 100
2 2
oy =95 33!]— =34'12"; o, =95 439- =60'48"
100 100

2
o5 :95'(5£] =95'
100

Thurc hién cim cong bing cdch cim timg doan cdt tuyén §; theo thyf ty sau (xem sd
dd cdm cong trén hinh 1.14).

Pat mdy do géc tai diém gdc A dinh dude géc oy va doan AA,, sau dé xdc dinh

gbc oy va dit thude tir Ay @ xdc dinh doan A A, , tiép theo do géc a3 d€ c6 doan
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A,A, . Cit the ti€p e cho d€n doan cudi cling dng vdi géc o, == cla doan cudi

W

cung A _ A .

Vi du 2: Cim dudng cong chuyén tiép clothoid trén mdt doan tuyé&n thi€t k& bing
phuong phdp géc va cét tuyén theo cdc s6 Héu sau:
- Bdn kinh dudng cong tron R=700m
- Goe ngodt B =10°15"137=0,1789 rad
- Chiéu dai dudng cong chuyén ti€p L = 115m
Cim cong theo sd dd nhu hinh vé& dwdi diy. Cic thong sd dugc tinh todn theo cong
thic sau:
- Géce gitta trye hoanh v6i mdi cdt wyén:
o = atrf.:tgﬂ.l—s-;—9
Ax; =
- Géc kep gilfa hai cdt tuy€n lién tiép:
v =180° —{a; - ), véij=(i+1);

- Chi€u dai cda mébi cat tuyén (ay):

[ 2 2
ay = Axij+Ayij

- 86 lugng cat tyén a;: gom sdu doan ndi lién cic coc NP, C37, €38, C39, C40,
C41 va TP. Khodng cdch gita hai coc lién ti€p dudgc chia gan nhy biing nhau & bon
doan giita, hai doan ndi ddu (ND) vi cudi dudng cong chuyén ti€p (n8i vdi ti€p diu
duding cong tron (TD)) ¢6 chiéu dai khdc nhau.

Ké&t qua tinh todn dé cim cong dugce ghi trong bang dudi day

Coc Ly trinh Ax, Ayi; o (d6) Yii a;
NP Km0+723,57

16,4300 0,0092 1,8376 179,9680 16,4300

C37 Km0+740,00

19,9998 0,0909 14,5963 1797716 19,9999

C38 Km(+760,00

19,9980 0,2719 37,9191 179,4814 19,9999

C39 Km0+780,00

19,9921 0,5523 57,7164 179,1967 19,9998
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(Bdng k€t qud tinh todn d€ cim cong - 1i€p theo)

C40 KmO+800,00 j

199779 0,9318 69,4841 178.9120 19.9996

C41 Km0+820.00

18,5246 1,2913 75,9433 178,6829 18,5695

TC Km0+838,57

i

by _

i ' ]

%_‘N

= <1

=
oy _ X

w

E3 s .
Ser @i cdm cong theo vidu 2

Nhdn xét: Phuong phap cdm duding cong theo gée va cat tuyén ¢ nhuge diém 1a do
chinh xac kém 1a do:

- Vi tri dit mdi di€m sau clia dwdng cong lai phu thude vao diém & phia trude. Vi
vay s¢ mic phai sai s& day chuyén;

- C6 sai s6 tich Ity khi do khodng cdch (chiéu dai clia titng doan cdt tuyén);

- Do duding cong dugc cim gan ding biing cdc dudng cdt tuyén lién ti€p nén chiéu
dai thye t€ cim dugc s& nhd hon chi€u dai tinh todn theo 1y thuy&t. Sai s6 nay ting khi
chia duding cong thanh cic doan cdt tuyén ¢ chiéu dai I8n. '

Vi vy, phwong phéap nay chi nén dp dung khi tung do ¢6 tri s6 18n dé€ xic dinh cic
g6e o; mdt cac d€ dang hoic khi gip dia hinh khé khin cdn tréd viéc do cdc tung do.

1.5.1.3.2. Cédm cong theo phuong phdp tog dé vubng goc (tva dp Descarde)

Phuong phdp nay dudc thuc hién rit don gidn va bio dam chinh xdc. Cac diém trén
duting cong chuyén ti€p dudc dinh vi bdi hoanh dd va tung da, ching dude cdm doc
14p vdi nhau, khdng phu thude vao nhau, do d6 s& khong mic phdi sai & tich liy.
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I. Hai phutong phdp cam duimg cong clothoid.

Cu 1hé 1a:
a) B)
01
N \
i
N
h \\
2 N
™.
u-ﬂiﬁ \\
!
11 f
c:_+> _____ 7-"_“'] \ el ﬁf
T t < E A 1 N

Hinh 1.15: a) dich chuyén tam clia duimg tron;
b) thay dii ban kinh cita duong tron.

- Phuong phdp thit nhit: gilt nguyén bédn kinh cla dudng cong trdon ¢g bdn, dich
chuyén dudng cong tron vao trong (hinh 1.15a) va do viy ciing phai dich chuyén tim
cla duding cong tron.

- Phuong phap thit hai: khong thay déi vi tri tim ctia dudng cong trdon ma thay déi
ban kinh ban diu R bliing cdch gidm bdn kinh mot do dich chuyén p. Khi do bén kinh
ctia dudng cong cd bdn khi ¢6 duding cong chuyén ti€p sé& bing R =R, - p (hinh 1.15b)
(R - bdn kinh thi€t k& ban diu cia dudng cong tron).

Trong thie t& thi€t k€ thi phuong phdp cim cong th hai (thay déi ban kinh, gitt
nguyén tim cla duding tron) duge dp dung phd bi€n & nhiéu nude vi tinh todn khd don
gidn. Vi vdy, dudi day ching toi gidi thiéu chi i€t v& ndi dung tinh todn vi cdc budc
thuic hién c¢im cong theo phudng phédp nay.

Theo phudng phip thit hai thi néu ta ting ban kinh ban dau R, thém mdt tri s& bing
dd dich chuyén p (tife 12 R; = R + p) thi sau khi cim dudng cong chuyén tiép xong, bdn
kinh ciia duding cong tron sé bing R. Lam nhu vay 1 ta di gilf nguyén duge tri 6 ban
kinh ban diu thiét k€ cho duting cong tron khi chua bd tri dudng cong chuyén tiép
clothoid.

Tir hinh (1,15b) xdc dinh dudc tri s6 do dich chuyén p:

p=y,+Rcosp-R (1.70)

hay p:yO—R(l—cosﬁ)
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Trong trudng hop dudng clothoid duge st dung doan cong chi dén diém 1 (tai d6
A =R =1)(hinh 1.12) ¢6 thé tinh do dich chuyén p theo céng thifc gan ding sau:
12

L
p~_— hayp

1.71
24R ( )

" 24A

Xem xét do dich chuyén p cho thily véi cde duding cong tron ¢ ban kinh 16n, thong
thuding R > 500m thi d6 dich chuyén p da phin c6 tri s6 rdt nhd (chi bing phin trim
dén phin nghin) '

Vi vz’jy,-tinh trj s& d6 dich chuyén p chi ¢6 ¥ nghia d&i véi cdc duding cong thiét k&
¢6 ban kinh nhd con doi véi cde dudng cong tron ¢6 ban kinh 16n ta ¢é thé bd qua do
dich chuyén nay.

Do d6, 46 dich chuyén p tinh dugc ¢6 tri s8 p = 0,01R thi ban kinh ban diu phai
ting thém do dich chuyén p khi bd trf dudng cong chuyén ti€p. Ngudc lai, néu tri s&
p < 0,01R thi khong cin phdi giam ban kinh thiét k& ban diu R cda dudmg cong tron.

Nhu viy:

- Khip < 0,0IR thi chiéu dai duting tang dudgc tinh bing cdng thifc:

T= R.tg—; (y - g6¢ ngodt cia dudng cong) (1.72)

Va d¢ dai duding cong tron ¢on lai phdi dugce tinh theo tri 8 ban kinh dugc giam
(Ry=R-pk

i - MR-p).(y-2B)

1.73
180 ( )
Trong do: B - goc tiép tuy€n clia duding cong chuyén tiép;
R, - bédn kinh thi&t k& ban diu clia dudng cong tron.

- Khi p > 0,01R thi chiéu dai dudng tang T duoc xéac dinh theo cong thiic:

T=(R+p).tg% (1.74)
- Va chiéu dai doan chém tron bing:

mR.(y-2
K= __M (1.75)

180
- Tt sd d6 hinh (1.15) x4c dinh tri 8 dudng tang phu t tdc 1a khodng cdch tir dau
duding cong tron ¢d ban P tdi diu duding cong chuyén tiép N.
t=NE-BE, viBE=QP
nen t=x,—RsinB (1.76a)

hay t=x0—(R|—p]sinB (1.76b)
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Sit dung cdng thite (1.76a) va (1.76b} 1a tuy thudc vao tri s§ @6 dich chuyén p tinh
duge. N€u p qud nhd (p < 0,01R) ¢6 thé bd qua db dich chuyén p vi ¢ong thiic (1.76b)
s& trd thanh cong thife (1.76a), khidé R, =R

Khodng cich tr dinh géc ngodt dén diu dudng cong chuyén tiép bing

Vi néu:

- B3 qua d6 dich chuyén p thi: T, =t +R.tg% (1.77a)
- Xét ¢d do dich chuyénp: T, =1+(R + p).tgg— (1.77b)
Hay TO=x0—RsinB+(RcosB+y0).tg% (1.78)

Trong cdc cdng thifc trén thi X, ¥, 13 hoanh d va tung d0 & diém cudi cha dudng
cong chuyén ti€p. Cic tri s& niy duge xdc dinh bing cdch sit dung bing cidm cong
clothoid da néu § trén (bdng 1.5)

Ciing rén so do hinh (1.15b) cho thiy: bd tri dudng cong chuyén tiép s& lam gidm
chiéu dai dudng cong tron cd bén, do d6 gée & tAm dudng trdn y s& gidm di mot tri s8
bing (y—2B). Khi géc tao bdi 1iép tuyén clia duding cong chuyén tiép clothoid biing

mdt nifa géc § tAim dudng tron (B = %J thi dd dai eita dudng cong tron K = 0, hic d6 hai

duding cong chuyén ti€p & hai diu s& gip nhau tai giita dudng cong khéng ¢6 doan
chém (rbn va tao nén mdt dudng cong chuyén ti€p lién tc. Vi thé nén (a phai kiém tra

diéu kién gidi han cla géc B cho phép cim duve dudng cong chuyén ti&p clothoid:

Y
<+ 1.79
B<2 (1.79)

3 L . . s .. . e . . .
Bi¢trang p= TR nén néu diéu kig€n (1.79) khéng thod min thi hodc 1a ta ting bdn

kinh dudng tron R hoidc 12 gidm chiu dai dudng cong chuyén tiép.

T tri 8O gidi han [B = %J ta duge L = 2RB va chiéu dai duting cong chuyén tiép

tng vdi tri 88 gidi han B s& bing:
L=Ry (1.80)
(trong d6 g6c ngoat y tinh biing rad).
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buting cong clothoid ¢6 gdc ti€p tuy€n gidi han $ = 0,5 rad hay B = 28,65" . thay
tri $& gidi han cta gée i€p wyén B vao ebng thite (1.80) vdi géc § tam y = 2P s&
Ry

m, va chiéu dai

duce chiéu dai mot nhdnh dudng cong chuyén ti€p L=

tong cdng clia hai duding cong chuyén 6é&p lién tuc s& bing 2L = Tit cdc tinh

- 28%s"

todn trén ¢6 thé dua ra tri s6 vé gdc ngodt v; cin thiét 161 thi€u trong dng véi ban
kinh duting cong R; va chiéu dai dudng cong chuyén tiép L; theo bang dudi day (chi
tinh vdi cdc duding cong ¢d bdn kinh R 2 Rmia tng v3i cdc cdp dudng ¢6 tdc do thiét
k& Vi 2 60 kin/h theo tidu chuin thi€t k& dudng 616 clia Viét Nam).

Béng 1.7
Bén kinh R, m Chiéu dfij dt.ri{ng cong Tri sfikgéc :?gloal ¥ &i thidu
chuyén tiép, m can thiét (y=2[3)
100 50 28,7
150 60 229
200 70 20,0
250 8G 18,3
300 90 17,2
400 100 14,3
500 110 12,6
600 - 1000 120 11,4
1000 - 2000 100 29

Néu phdi wan theo géc ngodt cin thi€t néu trong biang (1.7) thi ¢6 thé x4y ra
trudng hep ciing chon mét tri s6 bdn kinh nhu nhau nhung t8c do thiét k& khdc nhau
s& cho ra chiu dai dudng cong chuyén G€p khdc nhau va khdng phit hgp véi tri s6
gde ngoidt can thiét.

Vi du: Ta tinh thd véi tdc do thigt k& 13 60 va 80 km/h va do tang gia toc ly tAm
I=0,5 m/s® thi chidu dai dudng cong chuyén tiép tinh dugc theo quy trinh Viét Nam:

Téc do thiét k& 60 km/h 80km/h

Bin kinh R,, m 150 | 200 | 250 | 300 | 250 | 300
| Chitu dai du¥ng Theo bang (1.7) 60 70 80 90 80 90
cong chuyCa iEp . [ Theo tinh todn (chua | 61,28 | 45,95 | 36,76 | 30,63 | 87,14 | 72.62
, m guy tron)

K&t qud so sdnh trong bang thiy rd, cdc chiéu dai dudng cong chuyén tiép tinh duge
hiu h€t déu khdng tudng Gng vdi gée ngodt cin thiét 61 thidu.
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Nhu viy, xem ra trong thuc t€ khé ¢6 thé duy tri dude diéu kién trén, nhat 13 trong
diéu kién dia hinh phitc tap § viing ntii. Khi d6 gidi phdp cé thé thue hién dude 1a hodc
tang bdn kinh dudng cong tron hodc ting tri s6 do ting gia t6¢ ly tim cho phép I > 0,5
nvs® (¢6 thé 13y bing 0,7 - 0,8 m/s*) d& gidm chiéu dai dudng cong chuyén tiép va vide
ki€m tra diéu kién (1.78) 12 bdt budc khi lta chon chiéu dai duding cong chuyén tidp.
Trong trudng hop goc ngodt khong du tri s6 13 thidu dé cim duding cong chuyén tiép va
dia hinh khé khin khong thé ting duge ban kinh duing vong thi ¢6 thé ¢6 gidi phdp ms
rdng phin xe chay d¢ cai thién mot phin diéu kién xe chay khi vao dudng cong.

2. Cdc budc cdm duong cong chuyén tiép clothoid

Cde bude cm duting cong chuyén tiép clothoid ditge thue hién theo trinh tr ¢d bin sau:

a) Tinh todn lya chon chi€u dai dudng cong chuyén ti€p thod min cic didu kién
mong mudn nhu da trinh bay & trén.

b) Tinh goc ti€p tuy€n cua duding cong chuyén tiép vdi true hoanh ff = R

¢) Ki¢m tra kha ning ¢im cong theo diéu kién B < %

d) Tinh d6 dich chuyén p theo ¢6ng thitc (1.70) va xem Xét tri s& p ><0,0IR ., Néu
p < 0,01R thi ta ¢6 th€ bd qua d8 dich chuyén. Tuy nhién 6t hon ¢d 1a vin tinh d&n
do dich chuyén p. N&u tinh dén d6 dich chuyén thi phii xdc dinh céc thong s6 mdi
theo ban kinh Ry =R - p.

Tinh chiéu dai duting tang cda duding tron co ban T theo cong thite (1.72) hay (1.74)
va chiéu dai dudng tang phu t theo cong thite (1.76a) hodic (1.76b).

Xdc dinh chiéu dai doan chém tron K theo cong thic (1.73) hay (1.75).

e) Tl dinh duting cong A xdc dinh dugce vi tri ddu dudng cong chuyén ti€p N theo
khoang cich T, =t + T duge tinh theo cdng thife (1.77a) hodc (1.77b) hay (1.78).

) Tit ddu dudng cong chuyén ti€p N, xdc dinh vit tri toa dd diém cudi ciia duding
cong chuyén tiép x,, va y, di tinh duge. P6 13 diém E trén truc hofinh ¢6 hoang 4o 1a
X, v diém P ¢ tung dé 13 y,,.

g) Cdm cdc diém trung gian cda dudng cong chuyén ti€p theo cic bing tinh thong
thudng (bdng 1.5).

h) Kiém tra mic do chinh xdc khi ¢im cong biing cich xdc dinh khodng cach ti
gita duding cong tdi dinh gbéc ngodt phdi bing téng clia dd phin gidc va dé dich

—1} (1.81)

chuyén. Tic 1a Al =p + p, vdi p, =(R +p).[
cOSY
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Phu thudc vio chidu dai duding cong chuyén ti€p c6 thé chia nhd d€ cim cong
theo tilng doan ¢6 chiéu dai tir 5 dén 10m.

1) Tiép tuc cim duding cong tron & giita. Néu duding cong chuyén iép duge thi€t
k& doi xing qua doan chém trdn thi chi cdn cdm cong d&€n mot nita cung tron. Nita
con lai dude thue hién d6i xing 1y ddu kia d&€n diém giita 1.

Cac di€m trung gian cla dudng cong trdn dude chia thanh cdc doan ¢6 khodng cach
tiy thugc vao ban kinh dudng cong tron R nhu sau:

Khi R < 100m thi /=5m
R =100 - 500m {=10m
R > 500m {=20m

Toa d6 cda cdc diém trung gian x; ,y‘i cia dudng cong tron dude xac dinh trén hé

toa do X°OY’ (xem hinh 1.15b) nhu sau:
- Géc chdn cung ¢6 chiéu dai { biing: «, =é
- Tai diém thit n c6 chiédudailanxi(n=1,2,3, ..) Vi ¢o toa di:
xj =Rsin(na)
Y zR[l—cos(na)]

Ta lan lugt cim cdc di€ém trung gian trén dudng cong trdn cho dén gitta dudng

(1.82)

-3 + K . - - LS 1 7
cong tai do chiéu dii doan cong dat E ung vdi gde § tAm bang 5(7—2[3) . Con nua
bén kia cdm ddi xtng. Hinh (1.16) dugc tdch ra tir hinh (1.14b) trinh bay cdch xdc
dinh vi tri tai di€m dau tién c6 khodng cach 1 k& tit diu dudng cong tron.

YI yl

>4

Hinh 1.16 Hinh 1.17
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Tir phudng trinh dudng cong clothoid ta t€p tuc khdo sat hai dudng cong ti€p theo
bing cdch thay chiéu dii duding cong clothoid S bing dudng diy cung a ta dudge dudng
hoa thi Lemniscat Becnulli va thay chiéu dai dudng cong clothoid S bing hoanh do x
ta dude dutng cong Parabol bac 3 (xem hinh 1.17).

1.5.2. Budng hoa thi Lemniscat Becnulli

Pudng cong todn hoc Lemniscat ¢é dang nhu cdnh hoa thi. N&u thay chiéu dai
C . 2 .
dudng cong clothoid S tir phuong trinh p = —S~ bang chiéu dai diy cung a ta s& ¢cé

dudng cong Lemniscat Becnulli & toa d6 dde cite ¢6 dang sau:

a’ =3Csin(2a) (1.83)

Trong d6: C - thong sG;
o - goe dde cuc.

Hinh (1.18) biéu thi duwdng cong todn hoc Lemniscat

a ~T b)
/|
L
\ = :
Vs N C
\‘_ ______
N s
i =7 45° 3"
/ f ' ) terniscat ~ B =3a
/
M 0
-
Hinh 1.18

Tir hinh (1.18) cho thiy khi géc ddc cuc bing 45" thi vectd ban kinh dat tri s& 16n
nhat, khi d6 a = C con bdn kinh cong dat tri s6 nhd nhit va a’ =3Csin90° nén

P _*C'_——C
mim a \/E
Va Proin = % (1.84)

Pudng cong Lemniscat di duge R.Dawson ngudi Anh nghién citu dp dung dé lam
duting cong chuyén ti€p vi th€ nén né duge phd bi€n rdng rii trong cdc nude thude
Li€n hiép Anh.

Pham vi st dung dudng Lemniscat dé 1am duding cong chuyén ti€p vdi gée doce
cic o hay géc P < 135° (xem hinh 1.18). Hiéu qud nhdt 13 si¥ dung dudng cong
Lemniscat d€ b3 tri dudng cong ré trdi tai cdc niit giao thong khdc mifc hodc dé thit
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k& dudng cong con rdn khi rién tuyen gap khé khin do dia hinh ving nii c6 nhidy
trd ngai. Nhd cdc bang 1ap sfn cho phép ta cim dude t4t cd cdc dudng cong con rdn,
dudi dang dudng cong chuyén ti€p lién tuc.

Phuong phédp duge st dung cdm dudng cong Lemniscat thudng dudc ap dung la
phuong phdp cdc géc va cédt tuyén.

P& thuan Igi khi cdm cong ngudi ta xdc dinh c4t tuyén don vi S, theo cdng thiic:

S _\/R.LU.I _[RL
: 573 V35,81

Trong dé: R - ban kinh duBng cong ¢o ban, m;

(1.85)

o - géc dde cye cda cdt tuy€n thit nhat, phit;
L - chiéu dai dudng cong chuyén tiép, m.
Trong nifa cung clia duding Lemniscat ¢6 13,58 cadt tuy&n don vi.
Bdng cdm cong theo phuong phép cdc gée va cit tuy&n dudc 1dp vdi cic géc doe
cuc va vectd ban kinh khi chi€u dai cdt tuyé&n biing 1 don vi nhu sau:

Bang 1.8
Pulng cong chuyén tiép lién tuc Bao gdm dudng cong trdn
cong, m bo Phoit vectd, m R.m p, m thém t, m
0 0 0 0 0 0

l 16 1,0000 35,8103 0,0012 0,0000
2 1 4 1,9997 17,9087 0,0093 0,0002
3 2 24 2,9982 11,9450 0,0314 0,0015
4 4 15.8 39911 38,9727 0,0740 0,0063
5 6 383 49731 7,2008 0,1436 0,0189
O 9 33,9 59334 6,0354- 0,2449 0,0468
7 12 58,7 6,8572 5,2222 0,3801 0,1000
16 52,2 71,7247 4,6358 00,5479 0,1905

Tif cde s6 lidu trong bang 1.8 nhan vdi chidu dai c4t tuy&n don vi (tinh theo cong
thirc 1.85 ta s€ duge cdc kich thude thit cia duding cong.

Ciing tr bang trén cho thiy ta ¢6 thé c¢im dudng cong chuyén ti€p Lemniscat vdi
goc ti€p wyén B =30 =3x16"52~50°. Nghia 12 ¢6 thé cim cong 1t ¢4 cdc trudng
hdp trong thye €.
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Viéc nghién citu cim duding cong Lemniscat theo toa d§ vudng géc ciing it dudc
quan tdm do phudng phdp ndy da dude nghién cifu k¥ d€ cim dudng cong clothoid nhy
da duge néu ra & phan trén. Riéng tai Anh, gido su R.Dawson di tinh todn chuyén vé
phudng phdp cdm theo toa d6 nhi st dung cit tuyén don vi. Tri s8 cdc toa db cla
dudng cong Lemniscat theo toa d¢ vudng gée Wng vai cdt tuyén don vi duge néu trong
bang 1.9:

Bang 1.9
SO thif t 1 2 3 4 5 6 7 8
cat tuyén
X 1,0000 | 1,9994 | 2.9956 | 3.9800 | 59396 | 58509 | 6.6820 | 7.3923
y, 0,0046 | 0.0372 | 0.1255 | 02908 | 0.5763 | 0,9859 | 1.5400 | 22417

Nhin cdc tri s6 trong bdng (1.9) v6i chiéu dai cat tuy€n don vi ta s& nhin dugc cdc
tri s& toa db that. Bang dugc chi 1ap v6i cdt tuyén tht 8 vi néd ti€p theo thi dudng
Lemniscat lai quay lai tir dau.

Cudi cing, cin luu y ring cling gidng nhu khi cim duding cong clothoid, duding trdn
¢t ban phdi dudce tinh dén d6 dich chuyén p va ciing phéi tinh dudng tang phu thém t
dé xdc dinh diém diu cda dudng cong chuyén ti€p Lemniscat duge sit dung.

1.5.3. Pudng cong Pardbol bic 3

Néu ta thay chidu dai dudng cong S biing hoanh 38 x s& dude dudng cong parabol
béc 3 ¢6 phuong trinh (hinh 1.19);

; Y
X
= 1.86
Y=o (1.86)
XZ
va tgf=— 1.87
g C (1.87)
Thitc ra, phuong trinh p:E khong phai 1a dudng
X
parabol bac 3 ma G.V.Elphimov (Nga) di chilng minh
dude phuong trinh cta duting Parabol bdc 3 & dang doc R-24°05'44"
cuc sC la: 0
%
cl x4+ 7° Hinh 1.19
p=—|1+—3 (1.88)
X 4C

Theo cong thifc (1.88) thi chi khi x ¢6 tri s rdt nhd so vdi thong s& C dudng parabol

. C
bic 3 mdi cd dang p=— nhu da néu.
X
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Bac di€m cla dudng cong parabol bac 3 12 bdn kinh cong gidm din, ti€p tuyén
cia dudng cong vdi truc hoanh tao thanh goc B = 24%05°44”,

Phwang trinh (1.86) duge 14p nén vdi dieu kién bién x = 0,y =0 va p = .

Budng cong ¢6 vectd bdn kinh dat tri s§ nhé nhat po, tai géc B = 24%05°44”. Do
vy, géc ¢ < 24" 1a pham vi sit dung duding cong nay. '

. . L
Nhyu dd phén tich néu ty s6 c cang tang thi sai léch giita duding cong vi quy dao
xe chay cang 16n. Do viy, dudng parabol bac 3 chi dugc 4p dung khi bdn kinh dudng
cong I6n va chiéu dai duding cong chuyén ti€p nhd.
1.5.4. Cac dudng cong toan hoc khac

Ngoai cdc duding cong clothoid, hoa thi Lemniscat Becnulli va dudng cong parabol
bac 3 con mot 58 dang dudng cong ¢6 thé duge dp dung lam dudng cong chuyén ti&p
nhu dutsng parabol bic 4, duding Sinussoit, dudng cong Sramma...

Phuong trinh duting parabol bac 4 ¢6 dang:

X
=— 1.89
Y=o (1.89)
. . x*
Vi géc tiép tuyén B=— (1.90)
3C
Pudng cong Sramma ¢6 dang:
2C
=— 1.91
S (1.91)

So vdi dudng cong clothoid thi dudng cong Sramma ¢6 chidu dai hop Iy duge si
dung gap doi.

Mac diu cdc dudng cong trén déu c6 thé sit dung d€ lam dudng cong chuyén ti€p
cho dudng 0t6 va bdo ddm didu kién thudn 10i cho xe chay, nhung xét cho cuing d& 4p
dung vao thyc t€, viéc dp dung dudng cong nao lam duding cong chuyén tiép cling phii
dat dugc yéu cau cd ban la tinh todn don gidn, d& dang va thuin 1¢i khi cim cong dinh
vi ching trén dia hinh. Bdi vi, quan sat thue t& chuyén dong ctia 6t khi di vao duong
cong cho thdy 1di xe c6 thé thudng thay ddi t8c dd quay ciia banh I4i va khong tuin
theo quy dao da vach ra ciia duting cong chuyén ti€p, nhat 1a d8i vai dudng cong ban
kinh nho.

Do viy, dudng cong dudc khdo sdt ¢6 dang khdc nhau khong nhiéu khong phai 1a
dieu kign cd bin d€ xem xét Ung dung. Cdc dudng cong clothoid, dudng cong
Lemniscat va dudng parabol bac 3 duge 4p dung réng rii trong thiic t& dé lam dudng
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cong chuyén ti€p bdi tinh don gian khi tinh todn v& thuan Igi khi thuc hién cim cong
ching ngoii hién trudng.

1.6. GIGT HAN SU DUNG CAC PUONG CONG CHUYEN TIEP

Trong phan nay ta chi dit vin dé nghién ciu gidi han skt dung ba dang dudng cong:
clothoid, Lemniscat, parabol bic ba di duge tng dung rdng rdi & cac nudc.

1.6.1. Lya chon duting cong chuyén tiép

T hinh 1.9 d4 néu & phan 1.5 hién thi dang todn hoc cho 3 dudng cong trén cho thiy:

D3&i vdi cdc gbe nhd va gée rat nhd o (gbe tao bdi vectd ban kinh vdi truc hoanh)
thi ¢4 3 duding cong trén déu ¢é tri $6 nhu nhau. Cu thé 1a:

Khi géc aonhd thi S = 6Ra

x> X

“6C  6RL

Vi goe o rat nhd thi ca ba duding cong déucé S~ x

y

Bé€ thdy rd rang hon khi so sdnh ba duding cong ti€n hinh tinh todn cdc thong 58 chia
chiing theo chiéu dai cat tuyén don vi (biing 1) bao gom: vectd bdn Kinh (1), chiéu dai
dudng cong (8), ban kinh cong (p) phu thude vao géc doc cuc B. K&t qua dua vio bang
1.10 dudi day:

Bang 1.10
Gée Cic duting cong chuyén ti€p
doe Cl Le¢mniscat Parabol bic ba
cue 3 T
| ) p I ) p | S p

0°16” | 1,000 | 1,000 | 35,81 | 1,000 { 1,000 | 358] | 1,000 | 1,000 | 3581
1"04™ { 2,000 | 2,000 | 17,91 | 2,000 | 2,000 | 17,91 | 2,000 | 2,000 | 17,91
2%247 | 2998 | 3,000 | 11,94 | 2,998 | 3,000 | 11,94 | 2,998 | 3,000 | 11,94
4°16™ | 3993 | 4,000 | 896 | 3,993 | 4000 | 897 | 4,003 | 4010 | 898
6°39™ | 4,960 | 4,996 | 7.17 | 4971 | 5001 | 720] 1 5039 | 5066 | 8,51
9"34” | 5909 | 5,996 | 5,97 | 5934 | 6,002 | 603 | 6,102 | 6,165 | 8,37
12°59” | 6,805 | 6,995 | 5,12 | 6,858 | 7,003 | 522 | 7,240 | 7,396 | 9,17
16°537 1 7651 | 7,982 | 449 | 7,727 | 8,004 | 463 | 8439 | 8673 | 10,97

T bang tinh cho thdy géc doc cire trong pham vi tir 0° - 4° thi cdc két qua tinh todn
céc thong s& cho cd 3 dudng cong déu x3p xi nhur nhau, khi gée ddc cuc dat 6°39” thi
¢ sif sai khdc vé cdc tri s§ ciia dudng cong Parabol bic ba - ¢6 nghia 12 khi gée dde
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cyc tang thi chi€u dai dudng cong parabol bic ba tang nhanh hon so vdi duting
Lemniscat va duding clothoid.,

Ciing tif hinh (1.9) cho thdy bdn kinh cong clia dudng clothoid gidm nhanh hon ci so
v0i cac dudng Lemniscat v parabol bic ba.

Vi thé, khi géc o = g =5+6"thi ¢6 th€ s dung bat ky dudng cong nio trong ¢4 ba

duding cong trén. Nhung khi géc o > 9 + 10, tifc 1a B > 24°05” thi khong nén ap dung
dudng cong parabol bic ba. Ban doc ¢6 th€ thdy rd gidi han sit dung cta cic dudng
cong chuy€n tiép thudc vé phin tuén dudng ngang vach dim cla bing (1.10).

Trong thi€t k€ duding 616 chdng ta thuding dp dung duding cong clothoid 1am dudng
cong chuyén ti€p bdi nd tinh todn don gidn, thic hién cim cong dé dang trén dia hinh
va bdi n6 thod min tit cd cdc y&u ciu d6i vdi mot dudng cong chuyén tiép wong tng
vdi bt ky gdc ngoit nao.

1.6.2. Lya chon bin kinh d€ 4p dung dwdng cong chuyén tiép

B i duting cong chuyén tép ndi gitta duting thing va dudng cong tron rd rang [a
di¢u thue sy cin thi€t, nhit 1a d8i vdi dudng cong c6 ban kinh nhd.

Tuy nhién, n€u chi dwa vio diéu kién dé gia t6c ly tam tang tr tif ban kinh dutng
cong tron cang 16n chi¢u dai duding cong chuyén ti€p cang gidm, ngudc lai, tde 46 xe
chay thi€t k& tang thi chiéu dai duding cong chuyén ti&p cang ting.

Viy tng vdi mot toc do thi€t k€ da xdc dinh ta can phdi b6 tri dudng cong chuyén
ti€p vdi cdc bdn kinh R nhd hon va bing tri 8 bén kinh gidi ban bing bao nhiéu ? B
v ban kinh qud 16n ma t6c¢ d6 thi€t k& khong 16n thi chidu dai duting cong chuyén
ti€p tinh duge s& qud ngdn. Khi dé viéc bd tri duding cong chuyén tiép sé khong con
nghia nita.

Vi du: Toc do thi€t k&€ 60km/h, do tang gia toc ly tim I = 0,5 m/s’ thi chiéu dai
duding cong chuyén tiép lan lugt tinh dude tuong Ung véi ban kinh R = 1000, 2000m la
L=9.19m va 4,59m.

Do d6, quy trinh thi€t k&€ dudng 6t cda Viét Nam trude diy (TCVN 4054 - 98) chi
quy dinh thiét k& duting cong chuyén tiép rén duding ¢ Ve ke > 60km/h theo ching
toi la chua dG ma can phai gidi han ban kinh dudng cong tron 16n nhat va chiéu dai
duting cong chuyén ti€p gidi han 16n nhat cho phép thiét k& tng véi cdc toc do thict ké
[¢n hon nhu Ve ke = 80, 100,120km/h dé thuan lgi 4p dung cho ¢ thiét k& dutmg cao
tic. C6 thé thiy 18 nhitng tri s& gidi han nay trong tiéu chuén thiét k& dudng 616 mdi
(bang 14 ciia TCVN 4054-2005).

51



Tat nhién, viéc lua chon chiu dai dudng cong chuyén ti€p khong chi thod min
diéu kién ting déu gia t8c ly tim ma con phai thod man tdt cd cdc dicu kién di dudc
néu trong phdn 1.3 & trén, trong dé c6 diéu kién bio ddm cho tuy&n déu din trong
khong gian théng qua viée quy dinh la chon tri 8 thdng s6 A.

Nhw dd néu ra & phin trén, cdc nude thudng quy dinh dp dung dudng cong chuyén
ti€p v4i gidi han ban kinh R < 2000m hodc R < 3000m tuy thudc mdi nude va cdp
dudng nhim thod min tit cd cdc diéu kién nhu d3 néu. Khi dp dung dudng cong
chuyén ti€p cho ban kinh 1dn thi d6 ting cia gia tdc ly tim s& duge thay doi rat nhd.
Vi du nhu, v6i ban kinh R = 2000m chon chiéu dai dudng cong chuyén tiép L = 200m
thi d6 ting cla gia 8¢ ly tim theo toe do thi€t k& nhy sau:

Vinsike, km/h 60 80 100 120
I, m/s’ 0,01 0,027 0.05 0,09 |

Vi cdc tri 86 d0 tang gia tdc ly tim nhu vy thi hinh khdch ngdi trén xe hoan toan
¢ ¢Am gide nhu di trén duding thing, nhung d€ bdo ddm do ém thuidn quang hoc vin
cén phii bd tri dudng cong chuyén ti€p cho cdc dudng cong tron ¢d ban kinh ldn.

Khi thiét k& ban kinh duting cong tron 16n thi chiéu dai dudng cong chuyén tiép
giam va goc ti€p tuyén B = R cling gidm theo, din d&n do dich chuyén clia dudng

cong tron ciing gidm. Trong doan duwing cong clothoid gidi han A=R=1 thi dé dich
chuyén dudc xdc dinh theo cong thitc (1.70) dd néu & trén.

A.V. Macarov (Nga) da quan tric trén dudng cong ban kinh nhd cho thidy quy dao
xe chay thuc t€ khdc véi quy dao tinh todn. Trén hinh (1.20) bi€u thi quy dao clia xe
theo chifu di va chiéu vé& trén dudng cong ¢6 bdn kinh R = 75 m khong lam dudng
cong chuyén tiép.

Hinh 1.20
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Ban kinh dudng cong trdn cang 16n thi d6 dich chuyén (hi¢u s8 gitra qu¥ dao cia
dutng cong chuyén tiép va dudmg cong tron) la khong 16n. Khdo sdt 616 chay trén
dudng cong cho thay 14i xe thudng 141 6t6 1&ch khdi qui dao tinh theo ly thuyét iy
15-20cm. B dich chuyén p d&i v6i mot s dudng cong bdn kinh R ng vé&i chiéu dai
duting cong chuyén tiép lua chon nhy sau:

Binkinh R, m 500 600 1000 2000
Chiu dai duding cong chuyén tiép, L, m 110 120 100 100
Do dich chuyén p, m 0,98 | 1.00 0,41 0,21

Va PGS. V. Veselr (CH Séc) d€ nghj cdm duing cong chuyén ti€p khi d6 dich
chuyén 16n hon 25cm, dé nghi nay cling twong ¥ng v&i bdn kinh gidi han Idn nhat
R < 2000m. Do nghién citu § cdc nudc khic nhau da dua ra céc dd dich chuyén gidi
han khdc nhau (Vi dy: k§ su ngutii Anh Krisvel d& nghi p = 7,5cm nhung A.V.Macarov
lai d€ nghi 13y tri s& gidi han cfia d6 dich chuyén I3 15cm cdn & My trude day dva ra
d5 dich chuyén gidi han 1a 30,5cm...) nén van dé va chon bdn kinh gidi han dé b6
duting cong chuyén ti€p dwa vao dd dich chuyén gidi han p chi Ia mdt thong & &
tham khdo bén canh hang loat cdc thdng s& 6 lién quan dé&n ching d6 1a toc do thiet
k€, cip dudng ... vi cdc yéu ciu khéc.

1.6.3. Cdc phuong thifc cim dudng cong chuyén tiép

Thong thuding, dudng cong clothoid dugc dp dung d€ lam duding cong chuyén Li€p
trén dudng 6t6. Quy pham thi€t k€ dudng 616 cla Viét Nam ciing quy dinh ¢6 thé
ding duting cong parabol bic ba hay duting cong phdi hgp nhiu cung trdn lién tiép
v6i cdc ban kinh khong 16n han nhau qué hai lan dé lam duding cong chuyén ti€p thay
cho dudng cong clothoid. AD = %ty lgyf2

N6i chung, theo diéu kién tinh todn don gidn va A
thudn ldi khi c&m cong thi ba dudng cong clothoid,
Lemniscat va parabol bic ba dugc coi 1a ngang
nhau. Nhung vdi duing 616 thi dudng cong clothoid
duge dp dung phd bién & nhiéu nudc. Chi d&i véi
duding 6t6 ¢ap thdp hon ngudii ta méi 4p dung cdm
cong bing dudng cong chuyén ti€p phdi hop ba
cung tron (xem hinh 1.21),

Hinh 1.21
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Mic di ¢6 2 phuong phip: ¢im cong theo g6c va cdt twyén, cim cong theo toa dd
vudng géc Descarde nhung trong thuc t€ ngudi ta thudng ap dung phuong phdp toa do
vudng gée (hoanh do va tung dd) d€ cim duting cong clothoid va dudng parabol bic ba.

Trude day khi cOng ngh€ thong tin chua phat trién, con chwa xuat hién may tinh
hodic viéc sit dung may tinh con bi han ché€ nén d€ thudn tién cho thi€t k& ngudi ta
thuding 1ap cdc bang tinh sin dé cim cong.

Céc bang cim cong diu tién dugc 1dp vdi cde ban kinh xdc dinh da dé 16 nhuge
diém co ban 1a khong thé sit dung dé cim cong véi bat ky ban kinh va chiéu dai
dudng cong chuyén ti€p lta chon ndo nim ngoai cdc béng tinh san.

Bing cdch dua vao thong s A = JVRL va dua vao théng s8 don vi A =13 CHLB
Puc da lap ra bing cim cong clothoid (xem bdng 1.5 trong phan 5). Dua vao bang nay
ta ¢6 thé cdm cong dudng cong clothoid véi bt ky ban kinh va chiéu dai dudng cong
chuyén 1i€p nao dugc lya chon. Cich lam nay tao diéu kién cho ngudi thi€t k&€ va thi
cong thye hién cim cong mdt cich nhanh chéng va thudn 1o khi thi€t k€ cling nhu khi
thuc hién ngoai hi€n trudng.

Ngay nay, cdc ky sur thiét k& di dugc trang bi diy di nhiing ki€n thitc v tin hoc,
trong tay ho dd ¢6 cdc phdn mém cin thi€t va hiu hét cac cong ty t vin thiét k& déu
trang bj diy dii hé thdng mdy tinh c6 ndi mang nén viéc thi€t k& cdm cong dugc thue
hién va s& hoan thanh mot cdch d& dang lai khéng mit bao nhiéu thdi gian. Van dé
con lai clia ngudh k§y su thiét k€ 13 viée Gng dung cdc phdn mém v&i von tich luy vé
chuyén mén, kinh nghiém thuc t& cling tai ning sdng tao sao cho phit hgp vai diéu
kién dia hinh dia chat, cinh quan va dép tng dudc ddy di cdc yéu ciu vé kinh t€ -
k¥ thuit.

Tuy nhién, cdc bang cim cong duge lap sin tr trudc d€n nay van con ¥ nghia vi
né&u khong k& dén chifc nang sit dung chiing dé thyc hién thi€t k& cdm cong cu thé thi
céc bang lap sin nay ciing c6 vai trd trong giai doan thi€t k&€ s bo d€ 1ap du dn kha thi
hodc 1a cdc con s8 trie quan d€ cdc nha thigt k& tham khdo ban dau. Cudi ciing, chiing
vin c6 ich thue suf cho nhitng ndi nao cdn khé khin chua duge trang bi diy dd mdy tinh
cling cac ki€n thic tin hoc trong di€u kién hién nay clia nuSc nha.
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Chuong 2

PUONG CONG CLOTHOID - MOT YEU TO
DPOC LAP TRONG THIET KE PUONG OTO

2.1. VAI TRO VA CHUC NANG LA MOT YEU TO POC LAP CUA PUONG
CONG CLOTHOID

ba tir 1au nhitng chuyén gia thi€t k&€ duding 6 16 déu hiéu rd ring, mudn cho 618
chay tif dudng thing sang dudng cong tron cin phii ¢ doan chuyén tiép. PBai vdi
duting ¢ap thap nhdt 1 dwdng viing nui thudng phai (hidt k& vdi nhidu bdn kinh nho
{c6 khi chi vai chuc mét) thi khi chuyén tit dudng thing sang duding cong tron cd ban
chi ¢in b tri mdt doan trung gian d€ ning siéu cao la dd. Poan chuyén ti€p nay chi ¢6
chic ning chuyén din tric ngang wr hai m4i trén dudng thing thanh tric ngang mét
mdi c6 d6 doc bing do ddc siéu cao khi bit ddu di vao dudng cong tron.

Khi thi€t k& vai t6¢ dd 16n hon cho cdc dudng 6 td c¢ap cao hon (vi du theo ticu
chudn thi€t k€ dudng & 15 cla Viét Nam tng vdi duding cip I (ddng biing hay viing
ndi) c6 16c dd thigt k€ Vi > 60 kmvh) thi yéu ciu clia doan chuyén tiép khong phéi chi
théa min dieu kién dé bd tri siéu cao ma con phdi thda min yéu ciu dii dé cho gia to¢
ly tim (Ang tif tlY, tao didu kién an toan cho xe chay va thuin 1gi cho hanh khich ngdi
trén xe.

D¢ thda min duge cd hai diéu kién trén ngudi ta da st dung cac duding cong todn
hoc dang clothoid hay dang hoa thi Lemniscat hode duding cong parabol béc ba lam
dudng cong chuy€n ti€p, ma phd bi€n nhit vin 1a 4p dung duding cong clothoid.

Nhu vy, khi chi€u dai duting cong dudc tinh todn va thiét k& chi nhim dat dude hai
muc dich trén thi né chi duge xét dén trong trudng hgp cic ban kinh dudng cong nim
thi€t k& R ¢6 tri s§ trong mdt khodng gi6i han nao do.

Mat khdc, bdn kinh 16n thi chiéu dai dudng cong chuyén ti€p tinh dugc theo diéu
ki€n gia toc Iy thn ting tif tif s& rit nhd. V§i chidu dai qua ngén, cé khi chi dat vai mét
nhu vi du tinh todn d& dugic ching t6i néu ra chuong 1 thi viéc ba tri doan duing cong
chuy€n ti€p hiu nhy vd nghia.

Va nhu thé€ thi, dudng cong clothoid & day chi déng vai trd 1a mdt doan chuyén tigp
- MOt y€u 16 phy. Y&u (5 phy nay chi dude sit dung khi chuyén tir dudng thing vio
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dudng cong tron ¢o ban kinh trong ddi khéng 16n trd xudng cdn doi vdi cdc duding
cong tron ¢6 ban kinh 1dn thi y&u t8 phu nay s& khong can thi€t va khong dugce
sit dung.

Khi dudng cong cothoid chi dude coi 13 mdt yéu td phu thi ngudsi thiét k& dudng chi
dp dung dudng cong nay lam dudng cong chuyén Gi€p trong pham vi cdc bdn kinh gidi
han theo ding quy trinh, quy pham, k¥ thuit ma hoan toan khong cin quan tdm dén
cic van dé khic 6 lién quan.

Viée coi thiét k& duding cong cothoid chi 13 y&u 5 phu d€ xay dung doan chuyén ti€p
da dugce cdc k§ sur thiét k€ duding & nude ta nhip tim va thyc hién W trude dén nay.

Song, clng vdi qud trinh phat trién kinh t& - k¥ thudt néi chung va sy phat trién
trong nganh giao théng van t3i ndi riéng nhitng yéu ciu vé thiét k&€ va xay dyng mot
tuyén dudng 616 ngay cang dude ddi hdi cao vé mit k¥ thudt ciing nhut vé my thudt.

Mot con dudng duge xay dung nén khong phai chi don thuin phuc vu cho van i
bang héa va hanh khdch tit noi nay dén duge noi khdc 12 dit ma con cin phai thda miin
céc y&u cau cod ban dudi day:

- Bdo dam xe chay an todn, thudn Igi véi tdc dd cao cho phép.

- Bdo ddm cho 14i x¢ va hanh khdch ngdi trén xe ¢é tam trang thodi mai, d& chiu,
khong mét moi.

- Bdo ddm tuyé&n dudng khong phd v3 canh quan, moi trudng xung quanh doc theo
khu vuc tuyén di qua.

Bé dat dudce cdc yéu cdu trén ngudi ky su thi€t k& phdi c6 quan diém coi con dudng
12 ndi lam viéc thudng xuyén, hing ngay trong sudt cd cudc 431 cia ngudi 14i xe. Phai
coi con duding 1a mdt céng trink kién tnic, né khong nhitng khong pha hdng cdnh quan
thién nhién xung guanh ma chinh con duting va cdc cong trinh dude xdy dung trén nd
(Hé thong ciu, cdng, tram k¥ thuft, bii nghi ngdi, tram ditng xe, tram cung c¢ip nhién
li¢u xing, dau, cdc motel phuc vu 1di xe va hanh khdch ...} 1ai ¢6 tdc dung ton thém vé
dep cho phong canh thién nhién ma né bing qua.

V§i cdch nhin nhu viy, ngudi ta dd nghién cifu qud trinh thy cdm thi gide cda ldi x¢
khi xe dang chay trén dudng, dung hinh phdi cdnh titg doan tuyén va xiy dung nén
mdt phudng phap thi€t k& khdng gian cho dudng 6t6. Va nhiing k&t qud nghién ctu &
cdc nude cho thiy tuyén duge ciu tao bdi cde doan duding cong cothoid Lién k€t vdi
nhau va lién k&t vdi cdc doan thing, dudng cong s& tao thanh mdt tuy€n khong gian
thda min tdt nhi't vé d6 biing phing quang hoc, ¢m thuin vé mat ihi gidc.

Cich thiét k€ tuyén dudng 6 & nhu thé khi&n 14i xe ¢6 thé yén tdm cho xe chay an
todn vdi tde do cao.
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Muén cho tuyén diuing udn lugn theo dia hinh khdng phd v3 cdnh dep thién nhién
do ¢6 nhiéu doan phdi dao siu, dip cao; ddng thdi né€u muén cho tuyén dudng di qua
duge nhitng diém (vi tri) mong mudn nhy di vong quanh bia rimg, qua cdc khu du lich,
cic di tich lich st néi tiéng. Ching ta phai nim ving cdc nguyén tic vé thi€t k€ canh
guan duding 010, md mdt trong cde nguyén tdc d6 1a st dung cdc doan tuyén biing céc
dusng cong cothoid ndi v&i nhau k€t hgp vdi cac doan thing va cde dutng cong trdn
trén binh dd.

Thyc hién duge nhu vay thi viée thiét k€ uyén dudng 6td r chd dude mdt tuyén
“cdng” (Xxem hinh 2.1a) tr& thinh mdt tuy&n “mém” lon theo dia hinh (xem hinh 2.1b).

o R N

Tuygn cimg Tuyén mém

Hinh 2.1; 1- Dudng thing ; 2- Budng cong trom ;
3- Buding cong ron thiét k€ theo dia hinh; 4- Bufing cong colhoid

Trong truding hop thiét k€ tuy€n mém thi dudng cong cothoid di trd think mdr yéu
16 ddc Idp, ¢6 val trd nhu doi véi y&u to dudng thing va yé&u 8 duting cong tron.

Khi da tr thinh mdt yéu t8 doc 1dp thi dudng cong, clothoid lic nay vita déng vai
trd 12 dutng cong chuyén 1iép nhung lai ¢6 thém mdt “nhiém vu” 1 lam cho tuyén
duting tr@ nén mém mai, déu din trong khong gian, ém thuin vé mat thi gidc va bing
phiing vé mit quang hoc. Chinh vi thé ma ngay ¢4 nhitng bdn kinh cong lén ngudi ta
vin st dung duGing cong cothoid nhu dd dude trinh bay & wrén.

Vi diéu nay ciing gidi thich tai sao ma theo tiéu chuin thiét k& duting 616 cla
ching ta (Pi¢u 5.6 TCVN 4054 - 2005) lai quy dinh vin thiét k& dé doc siéu cao
e = 2% v@i doan udn siéu cao ¢6 chiéu dai ding k&€ tng vdi e do thict k&
Vi 2 60km/h nhy dud: diy:

Tde do thict k& Ve (km/h) 120 100 80 60
i (%) 0,02 0,02 0.02 0,02
Bén kinh R (m) 3500-5500 | 1000-4000 | 650-2500 | 300-1500
L (m) 85 85 70 50
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R3 rang, néu ta 1y gidi han: R = 1500m tng vdi V ke = 60 km/h
va R = 5500m iing véi Vi = 120 km/h
Pé tinh theo cdc diéu kién ciia duding o 6 2 lan xe:

\ - A w 2 n -, .
Thichiéu dai dd dé nang siéu cao iy, = 2% chi bing:

vdi V =60km/hco L = {79002 28m < 50m
0,005
v8iV =120km/hed L = (?—’Satg[)):ﬂ =30m < 85m

Con néu 1dy L = 50m va 85m theo tiéu chuin ta sé tinh duge do ting cia gia 8¢ ly
tdm I 1a rdt nhd, khong ddng ké nhy sau:

3
vdi V = 60km/h c6 I=-—6O—=0,061 m/s® <<0,5m/s’
47.50.1500

120
47.85.5500
Trong d6 1=0,5 m/s’ 1 d6 ting gia t3c ly tim cho phép.

vi V. = 120km/h  cé =0,078 m/s® <<0,5m/s

Cudi cling thi€t k€ tuyén mém (tuyén cothoid) clia duding 8t6 bao gdm tir su két
hgp ciia 3 yéu 8 doc 1ap d6 12: duong thdng - duong cong tron- duimg cong clothoid.

Céc chi ti€t vé cdch két hgp thi€t k& cdc yéu 8 trén s& duge nghién citu k§ 3 céc
phin sau.

2.2, PHUGNG PHAP XAC PINH CAC THONG SO CO BAN CUA PUONG CONG
CIOTHOID

D€ sit dung dudng cong clothoid 13 mot y&u t& ddc 14p khi thist k& uyén mém ta
khong thé dp dung bang ciim cong théng thudng nhu bang 1.5 da néu trong chuong 1
dé cim duding cong chuyén tiép clothoid vi bang nay dugc ldp vdi thong s3 clia
clothoid A = 1 nhiim dinh vi toa dd (hoanh dd va tung dd) cia tit cd cdc di€ém nim
trén chi¢u dai dudng cong chuyén ti€p S va nhu viy nd chi thudn Igi cho viéc ¢dm
cong ngoai ra khdng cho ta bi€t thém mat thdng tin nao khic.

Mudn vach duge mot duding cong ¢6 chiéu dii chon tiy ¥, déng thdi xdc dinh ngay
dugce cdc thong s6 clia dudng cong clothoid dd Iwa chon ngudsi ta lap bing tinh chi tiét
dGi vdi dudng tron ¢6 ban kinh don viR = 1.

S¢ do xdc dinh cdc y&u 18 cda duting cong clothoid dé 1ap bang duge trinh bay trén
hinh 2.2 (xem phan phu luc).
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Butmg thing

Hinh 2.2: S0 d6 cdc yéu 16 ciia clothoid
Trong bang tra néu trong phu luc ching ta ¢§ thé xdc dinh dugc cic thong s§ ciia
dudng cong clothoid khi bi€t ban kinh R, chiéu dai dudIng cong L.

Vi dy: N&i duding tron ban kinh R = 400m véi dudng cong clothoid dai L = 100m.
Tu phu luc ta dugc:

L A

ﬁ=@=0,25 , trabdng —=10,5

R 400 R

Tir d6 ¢6 A = 0,5. R hay A = 0,5. 400m = 200m. D3 dich chuyén p Xxdc dinh

L % =0,002603 nitra p =0,002603 . 400 = 0,104m
4

R
Xic dinh cdc toa dd x,, y, cudi dudng cong clothoid: % =0,249610
Rit ra x, = 0,249610 . 400 = 99,84 m
Va % =0,010405, rit ra y, = 0,010405 . 400 = 4,16m
- G6e (iép tuyén P tra bing dude B = 7°09°43""
- Pudng tang phu: = 0,124935, nit ra: t = 0,124935 . 400 = 49,974m
R
- Duiing tang 16n: & _ (166804 , it ra: Ta= 0,166804 . 400 = 66,736m
R

- Pudng tang nhd: M _ g 083458, riit ra: Ty = 0,083458 . 400 = 33,3832m
R



Cic tri 86 toa dd X,, ¥, tinh dugc tif phu luc c¢é thé kiém tra lai theo bdng 1.5

Trong vi du trén chiing ta c& tinh chon céc tri s ban kinh R va dudng cong chuyén
ti€p L sao cho chiéu dai dudng cong L chia hét cho R. Song nhu trong phu luc cho thiy
hiu nhv t¥ s6 trén déu 12 s6 18 18i sdu con s8, bdi vy khoé cé thé chon d€ tinh ra dudc
thong s& A cé tri s6 nguyén. Vi thé dé don gidn cho cong viéc cim tuyé&n ta nén chon
bin kinh duting ron R va thong s6 A 13 cdc tri s6 nguyén. Khi d6 chiéu dai dudng

. . - A 9 ~ - [y ~ n
cong clothoid dugc tinh ngugce lai: T ty so E 3 cot (2) da biét ta tra c6t (1) d€ dudce ty
. L . e o .
sO R va tim duge tr1 s6 cia dudng cong L.

Vidu: Bdn kinh R = 1000m chon A = 400m thi A/R = 400/1000 = 0,40

Tra g cdt (1) coé LR =0,16, viy L =0,16 . 1000 = 160m

Tuy nhién, trong thuc t& ta thudng gip la khi chon trde ban kinh R va thong s6 A
thi chiéu dai dudng cong clothoid tinh dugce thudng khdng 12 mot s& ngyén ma 12 s6 1€,
Trong trudng hop nay ta cin nghién cifu thay doi cic tri s6 nguyén R va A trong diéu
kién cho phép dé ¢6 thé nhin dudc tri s& nguyén cla dudng cong chuyén ti€p L; néu
khong c6 thé thay ddi dude ta vin c¢6 thé chap nhan duding cong L ¢6 trj s§ 1é N&u s6
1é qui nhd ta c6 thé quy tron dé dudge tri s8 nguyén clia L.

Vi duy: Ban kinh chon R = 1300m, A = 400m thi

A 400

= =0,30769; Tra bing 1ing vdi A/R = 0,3076923
R 1300

Cé % =0,0946746 , wr do tinh duge: L = 0,0946746 . 1300 = 123,07696m

Vi ¢6 s 18 1a 0,07696 nén ta quy irdn va chon chiéu dii dutng cong chuyén tiép
_clothoid L = 123m d€ cim cung.

Khi duting cong L ¢6 chiéu dai 1a s& 1& c6 tri s6 16n ta van gilf nguyén tri s¢ d6 dé
¢cdm cong.
2.3. BAO PAM TINH THAM MY, PEU PAN VA BANG PHANG QUANG HOC

TRONG KHONG GIAN CUA PUONG CONG CLOTHOID

Giao thong dudng 6td cang phdt trién, luu lugng xe chay trén dudng cang ngly
cang Idn, toc dd xe chay cang cao doi hdi duding 6 t6 phai ngdy cang cé chit lugng cao
vé mit k¥ thudt, my thuit dé thda man cdc yéu ciu v€ an todn, thuin Igi cho xe chay.

Tinh thim my cla mdt con dudng dit ra nhiém vu cho ngudi thiét k& 12 phdi ap
dung nguyén tic thi€t k& wyén dudng mém. Sao cho duding duge xiy dung phdi mém
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mai, udn lugn bao quanh dia hinh, két hgp hai hoa binh dd tuyén véi dia hinh dia
phudng va vdi cdnh quan xung quanh. Viéc sit dung dudng cong clothoid 1a mdt y&u t&
doc 1ap c6 chiéu dai 16n hon nhiéu so véi chiéu dai dudng cong, chuyén tiép khi thi€t
k& thong thudng bing cdch két hgp trye ti€p vdi nhau hodc véi cdc dudng cong tron ¢6
bdn kinh I6n va cdc doan thing ngdn cho phép ta thié€t k€ dugc mot binh dd tuyén
mém mai, dugc trién khai theo dia hinh mot cdch “rdt ty nhién” s& théa man dudc
nhitng yéu cau vé thim my va cdnh quan cla tuyén dudng. Mot tuy€n dudng dudc
thi€t k&€ nhu vay dugc goi 1a thiét ké tuyén clothoid. Nguyén tic vach tuyén clothoid 12
thay thé cdc duding thing bing cdc dudng cong tron ¢6 ban kinh 16n k&t hgp vdi cdc
dudng cong clothoid.

Trén hinh 2.3 1a d4nh minh hoa ctia m{t doan tuyén clothoid dugc xay dung & nudc
ngoai. Binh do tuyén dudc thi€t k& udn lugn bing cich duding cong clothoid va cung tron
khién cho tuy€n trd thanh mot “dai lua” vit qua thung liing va bao quanh chan nui, tao
nén mdt cinh quan cuc ky hidp dan cho nhitng ai qua day di trén con dudng nay.

Hinh 2.3

Vin dé thi€t k& cdnh quan dudng 6 t6 sé& dugc ching toi dé cip trong cudn sich
khdc viet vé van dé nay.

Pic¢u quan tim ti€p theo 1a do déu din cla tuyén trong khong gian va do bing
phing vé mit thi gidc (bing phing quang hoc) khi dp dung duding cong clothoid dé
thi€t k€& tuyé&n.
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Bing cdch nghién cttu sy thy cdm thi gidc cda 14i xe d6i vdi con dudng khi cho xe
dang chay va hinh 4nh phdi canh cla cdc doan dudng hién ra tritde mit clia ngudi ldi
xe ma ngudi ta di dua ra dude cdc nguyén tic st dung phdi hgp cdc duding cong
clothoid, duding cong tron nhiim dat dude cdc muc dich trén.

Vi du nhu, ngdi trén xe dang chay 1di xe thudng nhin xuSng mit dudng véi mot gée
nhin nhé, do dé doan dudng trén phdi ¢dnh ¢ phia trude hién ra trong khoang thdti gian
ngin fudn ludn bi rit ngdn va 1am cho 14i xe cAm nhan thi gidc mot cdch sai léch nhu:
nhin dudng cong trén hinh d6 thanh dudng E-lip, nhin doan dudng bing (¢6 do doc doc
bang 0%} trude doan xudng ddc (hodc di ngugc 1ai) 14i xe ¢6 cdm gidc nhar doan duting
trifde miit bi doc ditng.

Ciing chi di vao mdt dudng cong c¢6 ban kinh xdc dinh nhung néu & vi tri nhin gin
lai xe thdy dudng cong nay déu din nhung nhin & khodng cdch xa dudng cong lai trd
nén giy v.v...

Cing mdt dudng cong nhung tai vi tri nhin khdc nhau 14i xe ¢dm nhén cdc yéu 16
tuyén duding cling khdc nhau. Mot vi du cuy thé dugc trinh bay trén hinh 2.4 cho thiy:
Khi ldi xe & ngay dau dudng cong sé ¢am nhan la dudng cong déu din (trudng hgp a
va ¢) khi di @ vi trf d6i dién véi bung hodc hung duding cong ldi xe ¢6 cdm gidc nhu
duding thing va hai mép duting gin nhu song song va nhip 1am mdt (trudng hop b va
£) con khi 1di xe 3 vi tri phia lung dudng cong nhin vé dinh thi thiy dudng cong co gée
ngoit gdp, duding rong tr& thanh hep (trudng hgp d va e).

O

T

/K

i)
—

b)

|

d)

-

DB

=

Hinh 2.4
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Mit khic, t6¢ d6 xe chay cling 12 mdt nhin t6 Anh hudng quan trong dén thy cim
thi gidc ctia ngudi 14i xe. Do khi cho xe chay vdi téc d6 cing cao thi viéc didu khién
xe cang phai cing thdng va phic tap hon. Li xe phdi nhin phia wudc dudng véi
khodng cich 1dn hon, gée quan sdt ciia 14i xe trong khong gian ¢ing nhd di, do dé anh
hudng sai léch v& mat quang hoc ddi véi hinh dang cia con dudng trong phdi cinh
cang 16n.

R& rang, qud trinh xe chay trén dudng tao nén mot “hanh trink cia tri gidc™ giip
ldi xe nhdn bi¢t va Itta chon cdc thdng tin cdn thigt. Ddng thdi sy chuyén dong vdi tdc
do thay ddi lién tuc tao nén sy “bién dang cua khdng gian™, lam cho cdc ddi wigng
trong khong gian ludn ludn thay ddi cdc thdng s8 clia ching, tao nén su sai léch vé
mat quang hoc cla tuyén dudng,.

D€ bdo ddm myé&n duding 6td c6 dang ddu din vé mat thi gidc, tao nén cdc “dudng
vién” phi hgp vdi cdnh quan thién nhién thi vach tuyé&n clothoid, tao cho tuy€n dudng
mém mai 1a phuong phdp thi€t k€ tuyén hgp 1y hon ca.

Bdi vi tuyén clothoid didm thay d&i d6 cong mdt cdch lién tue, tao kha ning theo
bdm dia hinh va hai hoa véi cdnh quan xung quanh.

Tit nhitng kinh nghiém thi€t k& dudng 6 16 cip cao va dudng cao tdc 3 céc nudc
trong nhiéu niim ngudi ta di dic k&t va dua ra mot s6 nhitng nguyén tic thiét k& tuyén
clothoid nhu dudi day:

1. B€ didm bdo thu cdm quang hoc tic 1a bio dim thy cAm déu din vé mit thi gidc
thi duttng cong clothoid phdi c6 géc ti€p yén tao nén & diém diu dudng cong khong
nhé hon 3,15°. Tir dicu kién nay ma lya chon thong s& A cia dudng cong clothoid phai
¢é tri 88 1 thiéu bing:

A =

min

R
— 2.1
3 (2.1

2
Vi chi€u dai duding cong chuyén ti€p L A hén c6 thé thay diéu kién (2.1)
R

2
bing chicu dai t8i thi€u clia dudng cong chuyén tiép L, = 312{—1—2—
R
hay Loin =E (2.1a)

Va chiéu dai dudng cong chuyén ti€p clothoid khéng nhé hon ¥ chiéu dai duing
cong tron. Thong s& clia duding clothoid tif phudng trinh A® = R.L phdi nim trong gidi
han tit 0,4R d&n 1,4R.

Theo diéu kién 2.1 va quan hé gifta t6c d6 thi€t k& vdi ban kinh cong tron R ta duge
cdce tri s8 10 thiu cla thong s A phu thude vao toc do thi€t k& nhuf sau:
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Bing 2.1

Té&c do thigt k€, Vi (km/h) Tri 58 (5i thi€u cta thdng s8 A, A, (m)
50 30
60 -« 40
70 60
80 80
90 110
100 150 (120)
120 240 (120)

Ghi chi: Tri s6 trong ngodc sif dung trong di¢u ki¢n han ché.

Nhut vy, tir cdc diéu kién trén thi, khi ban kinh R cang 18n, dudng cong chuyén tiép
clothoid cang dai.

2. Khi dutsng cong clothoid ¢é gée ti€ép tuy€n B dat tri s& 16n nhit (B = 28,6") thi
thong s& A ¢6 tri s& gidi han 1n nhit theo diéu kién an toan xe chay biing:

Amx=R (2.2)

3. Trudng hdp giita hai dudng cong clothoid v8i théng s6 A = R/3 ¢ doan chém
tron ngin khong dd chiéu dai cho xe chay véi td¢ d6 thiét ké trong vong thi hai gidy
can phai chon chiéu dai clda dudng chém tron bing chiéu dai dudng cong clothoid &
hai ddu. Nghia la Lai=Ly =La; (2.3)

Theo tiéu chuin thi€t k& duting 6t6 mdi nhat cia Cong Hoa Lién Bang Difc (RAS -
L - Phin dat tuyén duding 5td) thi ban kinh t8i thiu (Ryy,) va chiéu dai t6i thi€u (L)
¢la dudmg cong niim bdo ddm cho kha niing xe chay vdi tdc dd thi€t k&€ wén dé khdng
nhd hon 2s phdi bing.

Bang 2.2
e Ban kinh (8i thiéu Chiéu dai t8i thifu cia
Toc d6 thiét ké . . \ . N
cia du@ing cong ron duding cong tron
Vu(, km/h
Rmim m Lminy m
50 80 30
60 120 35
70 180 40
80 250 45
90 340 50
100 450 55
120 720 65
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4. Khi két hop hai dudng cong clothoid nguge chiéu (tao thanh hinh chi S)(xem
hinh 2.5) thi t6t hon ca 1a hai dudng cong nay nén chon c6 ciing mét thong s6 A
(A1 = A) va hai dudng cong tron c6 cung mdt ban kinh (R; = R,). Néu diéu kién dia
hinh han ché thi R, < 2R.. '

Hinh 2.5

Trong trudng hop hai nhinh clothoid khong c6 cung mot thong s A thi theo Tiéu
chudn Thiét k& duding 6t ctia CHLB Bic vdi cdc duding 6td cap Al, All, AIIl. C6 tdc
do thiét k&€ Vi < 100 + 120 km/h va cap BI, BII ¢6 tdc do thi€t k& Vi < 80 + 100
km/h, néu chon A, < 200m thi thong s3 A, phai théa min didu kién:

A <1,5 A, (2.4)

1500

100

80 Ving thiét ké au

60 &

/

g 50 §§ S
' 400 S %@*
2 & f
8 300 S &w}"}
g w"f@/
| 20
s Virig thiét|ke xiu

10

80

80 100 200 300 400 600 8001000 1500

Ban kinh duong cong R,,m

Hinh 2.6: Quan h¢ lua chon hai bdn kinh ciia hai duong tron néi
vdi nhau bang duimg clothoid nguge

65



Péng thai hai dudng trdn duge ndi vdi nhau bitng hai dudng cong clothoid ngudc
phéi ¢é cdc ban kinh duge lya chon theo cdc gidi han trinh bay trén hinh 2.6. (d6i vai
dudng nhém A c¢6 té¢ @ cho phép nhd hon hodc bing 100 km/h).

Trudng hgp chung nhit 1a khi hai dudng clothoid c¢6 thong s& khic nhau (A, # A)
thi hai dudng tron phéi hop phdi thda min diéu kién: R( < 3R,

Trong trding hgp gitfa hai dutng cong clothoid nguge c¢6 mdt doan thing chém
ngdn thi chiéu dai doan thing chém nay (L) khdng vugt qua tri s8 sau:

L. <008 (A, + Aj) (2.5)

Trong d6: A, A; - thong s& clia hai dudng cong chuyén ti€p, m;

L, - chiéu dai doan thang chém, m.

Poan thing chém thda man didu kién 2.5 s& tao cho lai xe di trén tuyén khdng cdm
thiy cé diém giy rd rét.

Chidu dai i thiéu clia doan thing chém giffa hai dudng cong ngudc chiéu phu
thudc vao tdc d6 xe chay thi€t k& va loai duting dwge ghi rong bang 2.3 dudi ddy:

Bang 2.3
Loai dudng Puwiing 616 cong cong Pudng cao tdc
Tac 46 thiét k&, Vi, km/h 30-40 | 350-60 70-80 | 90-100 | 100 120
Chiéu dai 61 thidu clia doan
thing chém Lr::in ‘m 60 100 150 200 300 300

Sit dung doan thdng chém t5i thidu cho phép ta ¢6 thé cim cdc duding cong clothoid
vdi cdc thdng sO nguyén. '

Van dé con lai 12 didu kién d€ bd ti hai dudng cong chuyén ti€p nguge chiéu (hinh
chif S) 14 x4c dinh khodng cdch D giita hai dudng tron.

Khoang céch nay duge xdc dinh khi hai dudng tron co ban khong dudc it nhau,
khong dugc bao nhau va khéng dude ti€p xic v6i nhau va tri s6 khodng cdch D ciing
khong duge qua 16n.

C6 thé xdc dinh khodng cdch D dya theo dudng ti€p tuyén chung clia hai dudng
iron ¢d ban. Tir hinh (2.7) khodng cdch D dudce tinh theo cong thic:

D= (R +R,)* + T ~(R, +R;)
Hoic do truc tiép trén ban vé& dé xdc dinh khodng céch D:
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Trudng hop céc tim cia hai dudng trdn ndim ngodi ban v& thi ta xdc dinh huéng cla
khodng cich D bing cdch v& hai dudng trdn phu trg ¢ tim 1 Py, P, ti€p xic vdi hai
dudng cong tron cd ban kinh Ry, Rz sau d6 do tryc ti€p khodng cdch D (xem hinh 2.8).

Hinh 2.7

R,

Hinh 2.8

5. Khi thi€t k& k&t hgp hai dudng cong trdn hudng cling mdt phia ¢6 thé xay ra hai
truding hdp:

8}

0,(R); C{R}, §
Pz -

b)

Hinh 2.9
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Truding hgp 1 - Hai dudng cong trdn c6 ban kinh 16n nhd khic nhau 1ong vao nhau
{(xem hinh 2.9a);

Truding hgp 2 - Hai duBng cong trdn ¢6 ban kinh khdc nhau ndm cling mot phia
nhung ¢dch xa nhau (xem hinh 2.9b).

Trong trudng hgp thit nhdt néu ndi hai dudng cong fron bing hai duding cong
chuyén ti€p clothoid d6i dau thi trén hinh phdi cinh dudng sé xudt hién diém giy.

Vi viy, trong truding hdp ndy sif dung doan xodn ¢ chia dudng cong clothoid dé ndi
hai dudng trdon cd ban 14 hop Ly nhat, bio ddm tuyén thay ddi dO cong mdt cich hai
hoa trong khong gian.,

Trén hinh 2.10 trinh bay phuong phdp két hgp hai dutng cong tron 1dng nhau,
dudng tron ngodi cé bdn kinh R 1dn hon dudng tron bén trong ¢ bdn kinh R,. Poan
duding cong clothoid dude sit dung v6i théng s6 A nidm trong gidi han.

2
Khoidng cich D duge xdc dinh tif hinh 2,10 bing:
D=R1 -Rg—l"ﬂ (28)

Budng cong
tron R,

. < Bubng cong
- tron R

-
-

Hinh 2,10

Truong hgp hai tAm dudng cong M, vi M, khong nim trong ban vé thi xdc dinh
hudng cta D bang cédch v& hai duding tron phu trg ¢6 bdn kinh bing nhau ti€p xtc vdi hai
dudng cong tron Ry, Ry ¢6 tam 1a Py va Py, N1 P, vdi Py, tai di€ém gitra cdc doan PP
vach duiing vudng goe, sau do do true ti€p khodng cich D trén ban vé& (xem hinh 2.11).
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Hinh 2.11

G wrudng hop hai c6 thé két hogp hai dudng tron ¢d ban cling phia bing hai dudng
cong chuyén ti€p clothoid néi tryc ti€p véi nhau (hinh 2.9b). Trong truding hdp nay thi
théng s& cta dudng cong chuyén ti€p A nim trong khodng:

0,5R; < A <R;

Viéc két hgp truc ti€p hai duding cong tron chi cho phép khi ban kinh R, < 2R;

6. Khi thiét k€ tuyén clothoid mot
van dé can quan tdm 13 bdo ddm dudc
dd déu din quang hoc trén doan cin
chuyén tric ngang hai méi din dén
thanh tric ngang mdt mdi ¢6 dé doc
bing dd déc siéu cao (is.). Pdc biét trong
rudng hgp hai dudng chuyén tiép
clothoid dudge ndi ngudge e uép vai
nhau theo dang hinh chit §; khi d6 mit
dutng s& co mdt doan bi vénh nhu dudc
thé hién trén hinh 2.12.

Hinh 2.12

Qua trinh bi€n chuyén mit cit ngang dé néi hai duding trdn ¢6 bén kinh R, va R,
vdi hai dudng cong chuyén tiép clothoid ngude chiéu ¢6 chiéu dai va cdc thong s&
twong Ung 1a L, A, va L, A, dudc thuc hi€n nhu sau:

Trén dudng cong cd ban R mit ¢t ngang mdt mdi ¢6 do déc ngang bing d0 doc
siéu cao 16n nhat i, = 1y

+ Sang doan chuyén ti€p clothoid L titc 13 tai vi trf cudi dudng tron cd bin trung
v8i diu dudng cong clothoid L, : tric ngang tif mdt méi o i, = is| chuyén din thanh
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tric ngang mit mdi c6 do doc ngang bing d§ ddc ngang nhd nhat ¥ng vdi loai mat
dudng duge thi€t ke i = i,
+ Ti€p tuc chuyén nguge do doc ngang dé dua triic ngang mot mdi ¢ do déc ngang

bing i, thanh tric ngang co d6 dOL ngang bing i, = 0%. Tric ngang nay nim tai vi tri
cudi duding clothoid thi 1 tring véi ddu dudng clothoid thif hai.

+ Tit tric ngang ¢é d6 doc i, = 0% ta lai chuyén dan thanh tric ngang mot mdi van
theo chiéu ngudce lai d&€ dat dudc tric ngang mdt méi c6 dd doc ngang imin =1, va sau
d6 dude tric ngang c¢6 déc ngang 16n nhat dat tri s8 i = iw2 (d6 dOC siéu cao itng véi
duding tron ¢d ban Ry). Tric ngang ndy niim tai cudi duding cong chuyén (i€p L; triing
véi dau dudng trdn cd ban R, ngudc chi€u véi duding tron cd ban R,.

Thong thudng, dé thudn 16i cho thi€t k& thi khi khong bi han ché bdi diéu kién dia
chit, dia hinh ngudi ta thuding chon R = R; va hai duong cong clothoid nén chon cling
mdt gid tri thdng s A (A = A,).

Trén hinh 2.13 trich bay mét vi du vé c4u tao doan thay déi tréc ngang khi néi hai
duting trdn ¢d ban ngude chiéu 6 ban kinh R = 100m véi hai duding cong chuyén tép
clothoid ngugc chiéu (hinh thit ba) ¢6 ciing théng s& A = 100m

1- Mép bén trai phdn xe chay
2- Mép bén phai phan xe chay

Hinh 2.13

B&i véi cdc duding cong tron ¢4 bdn kinh 16 thi viéc st dung duding cong clothoid
nhdm muc dich chii y&u Ia d€ bio dam do déu din ciia tuyén trong khéng gian tao nén
mOt s thu cdm ém thuidn vé mit thi gidc cho ngudi ldi xe. Vi thé cdc dudng clothoid
nay thudng ¢6 chiéu dai twong d6i ngdn.

Trong trudng hop van phai b6 tri siéu cao trén doan chuyén ti€p nay thi d& bio dim
diéu ki¢n ndng din duge mép phin xe chay trong doan néi siéu cao, tri 6 t6i thiu
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cla thong s§ A cdn thiét clia dudng cong clothoid phai dat dugc theo cdc diéu
kién sau:

- P61 véi ca dudng cong cothoid:

A = M_R (2.9)
Alpmax

Trong d6: R - bdn kinh & cudi diding cong clothoid, m;
a - khodng cdch tif mép phéan xe chay dén truc quay, m;
in, ing - 0 d8c ngang & cudi va dau dudng cong clothoid, %:;
Aipmax - d0 ting 16n nhat cla do doc doc, %.

- Trong titng doan clia dudng cong clothoid tri s& 51 thi€u cla thong sO A
phéi bing:

Al m'“ i _ ]‘_
P R2 Rl

Trong d6: iz, 1, - 46 d6c ngang & cudi va dau ciia mdi doan clothoid, %;

(2.10)

R, R, - bdn kinh & cudi va dau cia doan clothoid, m.

Cdc tri 8O ing, 1; trong hai céng thifc trén mang diu “a4m” khi hudng clia ching
ngude vdi hudng cla i, va 1z

Theo céc cong thitc 2.9 va 2.10 thi khi thi€t k€ cin lya chon théng s6 cla dudng
cong clothoid khong nhé hon cdc tri 86 A tinh duge theo hai cong thite nay.

Tém lai, nhitng vdn d& duge trinh bay, trong phan 2.3 clia chuong déu nhim muc
dich dua ra nhitng 13i khuyén, nhitng céng thitc d€ Iva chon cdc chiéu dai dudng cong
clothoid ciing cdc thdng s& clia chiing khi coi duding cong nay 1 mot y&u 6 doc 14p dé
k&t hap vdi cdc dudng cong trdn, cdc doan thing tao nén tyén clothoid ¢6 dang déu
din trong khong gian, bdo ddm tinh thim my cda tuyéh, tao cho tuyén két ndi “ty
nhién” v6i cinh quan xung quanh v3 ém thuin v& mit thi gide guang hoc khi€n cho 14i
xe yén tam diu khién xe di trén dudng mdt cdch an todn, thudn 1gi vdi toc dd cho
phép. Tuyén clothoid ciing gitip cho hanh khdch ngdi trén xe cdm nhén duge tinh hai
hoa, mém mai cia mdt con dudng va khdng cdm thady mét moi dir di trén mot hanh
trinh dai,
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Chudng 3

CAC DANG KET HQP CG BAN
KHI THIET KE TUYEN COLOTHOID

Trong phuong phdp thi€t k€ tuyén clothoid thi duding cong clothoid khong chi con
dong vai tr0 12 dudng cong chuyén ti€p ma né trd thanh mot yéu t6 doc lap, dudgc sl
dung ngang hang véi cdc yeu t& duding cong trdn va doan thing. Vi viy, cic duong
cong clothoid ¢6 thé duge k&t hgp trire ti€p vdi nhau hay k&€t hgp véi cdc duding cong
trdn va cdc doan thing chém.

a) by

/"L - /"L
- . -
’ ~ - “

g \ /;r_\\
f
|
]

9

&) \
J‘_
Hinh 3.1
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Trén hinh 3.1 trinh bay cdc sd dd k&t hdp cd bin ctia thi€t k€& tuy&n clothoid, trong
d6 bao gdm cdc trudng hop sau:

- Hai dudng cong clothoid k&t hop truc ti€p véi nhau va d6i xitng (hinh 3.1a);

- K&t hyp trifc ti€p hai dudng cong clothoid nhung khéng déi xing (hinh 3.1b);

- K&t hgp hai duding clothoid d6i xtng ¢6 doan chém tron (hinh 3, Icy,

- K&t hop hai dudng clothoid khong d6i xitng ¢6 doan chém tron (hinh 3.1d).

DE két hdp cde dudng cong nguge chidu c6 thé thutc hién biing cdch:

- BO tri doan thing chém giita hai duding cong chuyén ti€p ngude chidu (hinh 3.1¢);

- K&t hgp trye ti€p hai dudng cong clothoid nguge chigu khdng ¢6 doan thing chém
(hinh 3.1ey;

D€ két hop cdc dudng cong cling chiéu c6 thd thye hién biing cdch:

- BO trf doan thing chém giita hai dutng cong chuyén tiép (hinh 3.1h);

- Khong b tri doan thing chém giita cac duting cong (hinh 3.1i);

- Két hop cdc cung clothoid lién ti€p vdi nhau (hinh 3.1k).

Nhu da trinh bay & chuong 2 trong thiét ké tuy€n clothoid thi khéng nén sit dung
cdc bang cim cong thong thuding ma si dung cdc bdng ¢6 thé tinh dugc tat ¢4 cdc y&u
o clia duding cong theo sd dd tinh todn di néu (hinh 2.2 va phu luc).

Sau ddy chiing ta s& xem xét cic truding hgp kéi hdp cu thé.

3.1. PUGNG CONG TRON NOT HAI PAU BANG HAI PUONG CONG CHUYEN
TIEP PO1 XUNG
Bdy 1a trung hdp thong thuding nhat duge dp dung phd bi€n d€ thiét k& binh db
tuyén duding 6t6 va theo tiéu chuin thist k& duting 6td clda Viét Nam (TCVN
4054:2003) thi tat ¢ cac duting 615 ¢é t8c do thiet k& Vi = 60km/h déu phdi thiét ké
dudng cong chuyén tiép clothoid.
Hinh 3.2 trinh bay binh d6 két hop giira duting cong tron véi hai duding cong chuyén

e e o x 2. 1 1 v .
uép clothoid va duting biéu dién sy thay d6i d6 cong k = R theo sut k€t hop trén.

Trong trutng hgp d6i xifng thi hai duing cong chuyén ti€p clothoid ¢6 cling mot
thong s A. Trén thuc 1€, stt dung cic dudng cong chuyén 1iép clothoid d6i xitng chi
thudn I¢i tai nhitng ndi ma wyén dudng it phy thudc vio cdc di€ém khdng ché.

Vi loai k€t hop nay ta ¢6 thé d& dang si dung cic bing cdm cong dudc 1ap sin dé
¢dm cong khi biét duge bdn kinh dudng cong tron R va chidu dai dudng cong chuyén
tiép L.
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Khi thi€t k& tuyé&n clothoid thi ta xdc dinh so b diém dau tién cia dudng cong nhd
bd thude khudn miu (bao gom cdc thude cong clothoid va thude cong rdn). Do vay,
cdc tri s8 vé ban kinh va thong s§ A clia dudng cong clothoid ¢6 duge ban dau ¢6 the
chua dudge quy tron.

Butng thdng ; Dung clothoid | Cung trén | Buting clothoid, Buong thing
k=0 ! L. ! il k=0
1 k1=—'“":_!

ST

/

Hinh 3.2: Binh d6 va dumg biéu dién d6 cong cta k =

!
3

Truting hop tuyén clothoid d8i xing ¢6 dudng cong trdn & gilta thi cdc cong thic co
ban 4p dung d€ tinh todn nhy sau:

- GOc ngoalt: y

- G6c tuong tng vai phin con lai cda dudng cong tron: o =y = 23

- Chiéu dai dudng tang ctia dudng cong tron cd ban:
TK=(R+p).tg% (3.1)

- Pudng tang toan bo duding cong (k€ tir diém n6i diu N cta duwdng cong chuyén
ti€p clothoid d&n dinh clia goc ngodt):
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T=Te+t 3.2)
{trong do: t - chidu dai duding tang phy thém)
- Chiéu dai dudsing cong tron:

43
K= “5; (3.3)

Ban doc ¢6 thé tim hiu chi tigt clia cic cOng thie trén da dudc t
chudng 2.

rinh bay o §

V6i tuyén clothoid trong thiét k& so bo nén chon thong s6 A theo bin kinh R nhu sau:

Bang 3.1
Bdnkinh R, m 300 800 1200 1600 —‘
Théng s& Nén diing - 270 350 450
A, m . 0
Téi thigu 200 270 350

D€ bdo ddm tinh thim my clia tyén dudng thi dudng cong tron chém giita hai
dudng cong chuyén ti€p phai 6 chidu dai tdi thidu phu thude vao toc do x

e chay thiét
k& nhu dudi day:

Bang 3.2
Tdc¢ d6 xe chay thi€t k&, km/h 30 - 40 50 - 60 70-80 (90— 100
3 N At - . -
Chicu dai (61 ll}l(lcu dudng cong tron, 2 15 50 70
mins m

Nghién citu clia CHLB Puc da dua ra 18 khuyén vé& lya chon tri s théng s A cia
dudng cong clothoid phu thude vao e do thi€t k&€ va cédc tri s6 ban kin

h dudng cong
R <650 nhu sau:

Bang 3.3

Tde d6 thidt

o 60 7 80 90 100
k& V., km/h 0

BankinhR,m | 140 | 250 | 200 | 325 | 250 | 400 | 325 525 | 400 | 650

Nén

TRORE | giung 120 150 180 210 250
s A, ]
m | Tor 110 125 150 175
L thiéu
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3.2. PUGNG CONG TRON NOI HAI PAU BANG HAI BPUONG CONG CHUYEN
TIEP KHONG POI XUNG

Trong trudng hop ndy hai dudng cong chuyén ti€p clothoid ndi § hai dau dudng
cong trom ¢6 chiéu dai khdc nhau va c¢6 thong s0 khdc nhau (A; # Aj). Tuy nhién, dé

> * - - . 7 Pl k] A o~ A
bdo ddm tinh my quan thi ty s0 cia 2 thdng sb '

S%. Tinh hudng thi€t k€ nay

thutsng x4y ra khi mudn dat tuyén di qua cdc di€m da cho.

Do hai dudng clothoid ¢6 chi€u dai khdc nhau nén d§ dich chuyén p cla hai
dudng cong ciing khdc nhau (p; # py). Va nhu vay, ching ta cin phdi hiéu chinh khi
xdc dinh chiéu dai toan bd dudng tang.

Trén hinh (3.3) bidu thi hai duding cong clothoid khong doi xitng kep gilfa 1a doan

chém tron AB. Dua theo so dd nay ta xdc dinh cdc dai lugng tinh todn.

Theo hinh vé& thi dudng cong clothoid 1 ¢é chiéu dai Ly nhd hon dudng cong
clothoid 2 utc 14 L) < La.

M3i mét dudng cong chuyén ti&p clothoid s& c6 cic i s tuwong Ung nhu saw:

Pung cong chuyén tiép 1 ¢ chiéu dai L, géc ti€p tuyén B, 4o chuyén dich py,
dudng tang 16n T, va dudng tang phu thém t;. DPudng cong chuyén tiép 2 cd chiéu
dii L, géc ti€p myén B,, dd chuy@n dich ps, dudng tang 16n T, va dudng tang phu

thém t,.
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Vach dudng C’M; song song vdi dudng tang T; va cich dudng tang Idn nay mot
khoidng bing (p; — p;). Do dé gdc ngodt méi tai diém C’ khong thay doi va ludn bing
y. Bubing ndi OC’ trong tit gidge C' M OM, chia gé¢ v & tAm ra lam dbi.

Chiéu daj dudng tang Tx dudc tinh theo cdng thitc:

Ty =(R+p]).tg—% (3.4)

Cac dai lugng phu trg 7, va z; duge xdc dinh bing:
P>~ Py

siny (3.5)
2 =(p, ~p, ) cotgy

Chiéu dai toan bo dudng tang d hai nhdnh dugc tinh theo cang thic:

T, =Te+z,+t; =(R+p,)igl+ B2 7P (3.6)
2 siny
T,=Tg ~2z, +t, = (R+p|).tg%—(p2 —p, }.cotgy +1, (3.7)
Gdce & tim Wng v6i phan duding cong tron con lai xdc dinh theo cong thite:
(B, +B,) (3.8)
L, L,
Trong 46 cdc gée By va B duge xdce dinh theo cic cong thifc B3, = EE va B, = E

hodc theo cdc bang tra duge lap sin.

Chiéu dai dudng tron K con lai dudc tinh tif géc « theo cong thiic (3.3) da néu &
trén,

Thi€t k& hai dudng cong chuyén tié€p clothoid khong ddi xing gifta ¢6 doan chém
tron dugce thuc hién nhu sau:

- Trén binh do ti 1& 1/1000 ~ 1/2000 ta vach hudng tyén cd ban va dinh géc ngoat y.

- St dung cdc thude miu diking cong trdn vdi cdc ban kinh R; dude ché tao theo ty

1€ cla binh db 4p vao binh db ta sé lya chon duge ban kinh R cin thi€t x4c dinh phu
hgp vdi diéu kién dia hinh,

- Tai hai di€m cda duting cong tron ti€p tuyén véi hai duting tang dudc chon 13 2 diém
gilfa cuia hai duting cong chuyén ti€p twiong ving & hai bén véi Iy do 1 ta dat dng chitng
mAt nifa duding cong chuyén tiép én duting thing va nita con lai & trén dudng tron,

- Nhd bdn kinh R cla duting cong tron da xdc dinh ta sif dung bd thudc khudn miu
cdc dudng cong clothoid dude ch€ tao voi cdc thong s3 A khéc nhau dp vio cic duding
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tang d€ sd bd hra chon duge chiu dai va thong s0 clia tung nhdnh dudng cong
clothoid.

- Dya vao cdc bang lap sdn hodc cdc cong thic gidi tich tinh todn tat ca cdc thong
s& con lai cia hai duding cong clothoid. P€ gidm nhe tinh todn c6 thé quy tron chiu
dai va thong s8 cla cdc dudng cong. Cong viéc tinh todn cdc thong s6 duge thuc hién
nhe nhang trén may tinh.

3.3. THIF T KE PUONG CONG CHUYEN TIEP LIEN TUC

Pudng cong chuyén ti&p clothoid lién tc la sy két hgp trwe tiép hai dudng cong
chuyén tiép véi nhau ma khong cé doan chém tron.

Thye hién thi€t k&€ dudng cong chuyén ti€p lién tuc ¢ vu diém 13 ting dude chicu
dai duding cong, 1am cho tuy€n trd nén &m thuéin va cdi thién dugc ché& d6 xe chay. T3
hdp néi tnic ti€p hai duding cong clothoid duge dp dung trong trutng hgp bi dia hinh
khéng ché; ban kinh cong tai diém tiép xic clia hai duting cong dudc Iuta chon ¢6 tri s6
I6n va gbée ngodt (géc chuyén hudng) nhé. Cu thé v6i ban kinh R > 600m thi géc
chuyén hudng y <15°. Do 4p dung cach néi tryc ti€p hai dudng cong chuyén tiép nay
gitip ta thuc hién dugc vdi géc ngodt y nhd (tic 1a gidm dude géc ngodt cla tuyén) day
cling chinh I wu diém cin thiét d€ dat tuyén clothoid.

Nhu d3 néu sd bd trén hinh (3.1a) va (3.1b) dudng cong chuyén ti€p lién we c6 thé
duoc thiét k& k&t hop du6i hai dang: ddi xing va khong déi xing.

Do khi géc ngoaty = 2P (B - géc ti€p tuyén 3 cudi cla dudng cong clothoid vai truc
hoanh) thi hai duting cong chuyén tiép gap nhau ma khf)ng ¢6 doan chém tron tao nén
mdt dudng cong chuyén ti€p lién tuc. Tai diém tép xiic duting cong clothoid ¢6 ban
kinh R = A tudng ing cé géc ti€p tuyén f = 0,5rad hay B 28,65", vi vay chiéu dai
duting cong chuyén tiép duge xdc dinh theo cong thic:

Ry
- 57,3°

(3.9)

Trong d6: ¥ - géc ngoat (gée chuyén hudng) cla duding cong, (d0).
Dudi ddy, ta xem xét cdc trudng hgp cu thé.

3.3.1. Pung cong chuy&n ti€p clothoid lién tuc dang ddi xing
& . » N ~ 1 o \
Trén hinh (3.4) biéu thi binh d6 va sy thay doi 40 cong k = R cua dubng cong
chuyén ti€p lién tuc dang ddi xitng.
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Pubng théng I
k=0 : } il
1
1
1
!

Hinh 3.4: Binh d6 va duong biéu dién dj cong ciia 16 hop hai duong cong
chuyén tiép d6i xing.

Hinh 3.5

Céc y€u (0 clia ching duge xdc dinh trén hinh 3.5. Tai diém tiép xdc hai dudng
cong clothoid c6 ciing mét bdn kinh cong (R = Ry = Ryyn) va ¢6 chung mét dudng tang.

Trong truing hdp d6i xing ta xdc dinh cdc y&u t& cla ching nhu sau:

Tir hinh (3.5) cho thiy, véi y Ia géc ngoat thi:

Chiéu dai dudng tang biing: T = Xg+Z, V0 Z= yotg%

nén: T=x, +y0tg% , (3.10)

Céc budc thiét ké& dudc thuc hién nhu sau:
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a) Budc so bé:

Piu tién, trén binh dd yén ty 1& 1/1000 hay 1/2000 ta ding cic thude khudn
miu cdc dudng cong trdn 4p vao dudng tang sd bd xdc dinh dudge ban kinh duding
cong tron R va vi tri ti€p tuyén clia dudng cong trdn véi 2 dudng tang (cdc diém A va
B) va di€m giita E (xem hinh 3.6).

[
Thuée khudn mau duang tron ban kinh R

Hinh 3.6

Coi nita cung trdon BE (hay EA) bing khodng nifa chiéu dai dudng cong chuyén
11€p. Nghia 1a: cung tron BE x% nt¥a c¢on lai cia dudng cong chuyén ti€p dugc bd tri
nhd dudng tang.

b) Buéc tinh todn chi tiet

- Po géc ngoat trén binh db: v

- Nhg bd thude khudn miu dudng cong clothoid ta tim dugc ban kinh R’ va chiéu
dai dudng cong chuyén ti€p L' diy 1a cdc tri s6 d4ng chifng so bo ban diu.

- Tinh géc ti€p tuyén B =%, tir géc P tinh dudc theo phu luc, ta tinh dugc tat cd

céc y&u td cila duding cong chuyén ti€p (hoidc ding cdc cong thic gidi tich dé€ tinh).

- Xéc dinh sd b6 théng 56 A'=+R'L'. Sau d6 quy trdn thong s& A d€ 1am c¢g 58
tinh todn. V3i thong s6 A duge quy tron ta xdc dinh bén kinh thi€t k€:

R-R'2 (3.11)
A

Vdi R vad A d3 ¢6 ta sé& tinh lai d€ dudc céc tri s& cla cdc yéu td dudng cong
chuyén ti€p cin tim.

3.3.2. Pudng cong chuyén tiép lién tyc dang ddi xing dugc thiét ké theo chiéu
dai dudng tang da cho

St dung so db thiét k&€ niy trong di€u kién binh dd cla khu vuc khi€n ta phdi xdc
lap trude diém diu va diém cudi cia dudng cong. Nghia 12 chiéu dai dudng tang cla
duding cong da dudce dinh trudce.
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Trong trudng hgp ndy ta ¢in xdc dinh cdc y&u 13 clia duding cong chuyén tiép
clothoid thong qua cdc tri s6 da bi€t 1a géc ngodt y v chiéu dai dudng tang T.

Tir goc ti€p tuyén cla dudng cong chuyén ti€p duge xdc dinh theo cong thife
B =-;i ta tinh cdc y€u t6 clia clothoid theo bdng tra (xem phu luc) hodc bing céc
cong thite gidi tich.

Do chiGu dai dudng tang T di bi€t dugc xdc dinh tiY cong thitc T = Xo +y0tg% (a

chia cd 2 v&€ cho R:

T Xo Y. ¥
— =0 T e 3.12
R R R 8 2 ( )
Tir cong thite (3.12) tinh duge ban kinh;
Re— L (3.13)
R R "2

Trong ¢ong thitc (3.13) da bi€t cdc tri s8 T, xq, yo vd ¥ nén d& dang xdc dinh ban
kinh R tif cOng thifc nay.

Cdc gid tri thye cia cdc y&u td clia duding cong clothoid duge x4c dinh sau khi nhan
cde s8 liéu trong bang vdi ban kinh R tiy cong thife (3.13).

3.3.3. Dudng cong chuyén ti€p lién tue dang khong d6i xing

Pudng cong chuyén ti€p lién tuc dang khong ddi xifng bao gdm tir viéc két hgp tnc
ti€p hai dudng cong clothoid ¢6 cic thong s§ khic nhau. Tai diém ndi chiing ¢6 cling
mdt bin kinh (R = Ry = Ruyin) v2 mOL iép tuyén chung.

Cdc y&u 18 cla duting cong lién tuc dang khong ddi xiing duge trinh bay trén hink (3.7).

Hinh 3.7
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Cdc dudng cong chuyén ti€p ¢o chiéu dai L, va L, s& ¢6 cdc théng sd tuong dng
la A = A,;dudngtang chinh T, 2T, .

Tinh todn xdc dinh cdc y&u td cla dudng cong chuyén tiép dudc thuc hién nhu sau
(xem hinh 3.7):

Goéc ngoat y: ¥ =By +PBa (3.14)
Trong dé cdc géc ti€p‘tuyén By, P2 xdc dinh dude 1Y cdc cong thitc:
B, = Alp
2
R 2 (3.15)
p, =228
Véi p =57,3°
TU cong thire (3.14) va (3.15) suy ra:
AT+ A3
:LA-E (3.16)
R 2

Tir d6 tinh dwgce ban kinh R biing:

' 2 2
R = M% (3.17a)
Y

2 A2
Hay R = \/mz&ﬁ“ (3.17b)
Y
Céc duding tang nhé Ty, va Ty, xdc dinh theo cdc cong thifc:

y
T, = sino[li
: (3.18)
Yoz
T,,. =—=%2-
M2 sin,
Cdc dudng tang 1dn T, va Ta tinh duge nhd cdc dai lugng phu thém Z,, Z;.
Tit tam gidc ABC trén hinh (3.7) ta ¢6 cdc hé thic:
Z, _ sinf, Vi Z, _ sinf,
Ty, + Ty, sin(180-v) Ty, + Ty, sin(180-y)
sinfP, | Ty +T,
Riit ra Z, = 4 M ) (3.19)
siny
sin,{Ty +T
Zy=—! ( M ) (3.20)
siny
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Tir 6 ta tinh dugc:
sinf, (TM1 + Ty, )

Ty =T, +Z, = Xg, —ygicotgh; + siny (3.21)
sinfB, { Ty, + T,
Va T, = Ta2 +Zy =Xgp = Yppcotgh, + l (S:Y " ) (3.22)

Thay céc tri s& TMI va Ty, tir cOng thic (3.18) vao cdc cong thife (3.21) va (3.22) ta

c6 dugc cdc cong thife cudi ciing d€ x4c dinh cdc dudng tang T, va T, nhy sau:

sinBz( Yoi +____YD3___.]

sinf, sinp,

T, = Xg, — ygsc0tgp, + . (3.23)
Sy
sinf3, [___}’01 +- ?’0;_}
T _ sinf}; sinf,
2 = Xg2 — YgocotgB, + (3.24)

siny

Cic budce thiét ké dudce thye hién nhu sau:

Thong thudng chi€u dai dudng tang va cdc diém khong ché dude biét trudc, tiy do
ta thi€t k& cdc dudng cong chuyén tiép L, va L.

a) Budc so bé: (xem hinh 3.8)

- Tretde ti€n nhd bo thude khudn miu cic dudng cong trdn 14n Iugt dp vao dudng
tang ta s€ xdc dinh sd by ban kinh cong R va cdc diém ti€p xdc vdi duding tang 13 B,
va Bz. :

- Ti€p theo ta ldy cdc di€m By vd B, lam diém giita clia 2 dudng cong chuyén tiép.

] L7 =
Trén dudng tron chon diém P sao cho M|By = BP = 2—' vi M>B,=B,P= —; Nhu thé

la ta da coi M, va M, 12 diém ddu va diém cudi clia duting cong chuyén ti€p lién tuc.

\
Thuge khuon m&u duéng cong tron R %

Hinh 3.8
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- D€ dinh dugc di€ém P ta c6 thé phai Iva chon bing cach 4p nhiéu thude khudn miu
khdc nhau.

- Tinh cdc thdng s& ciia 2 duding cong chuyén ti€p lién tuc biing:
A, =+RL,
A, =RL,

(3.25)

Thuting thi cdc thdng s6 A duge quy tron d€ d& thuc hién viée tra bang hay tinh
todn. Nhung nhu th€ thi ban kinh nhin dugc lai thudng 12 s& 1€ (s6 thip phan).

b) Biidc tinh todn chi tiét

- Thye hién tinh todn cdc yéu td clia hai dudng cong chuyén ti€p theo cic cong thifc
tir (3.15) dén (3.24)

- Trong qua trinh thie hi€n can luu y ring: néu thita nhin cic thdng 56 di cho trén
¢ 83 st dung cdc thude khudn miu thi dau tién 1a xdc dinh sd bd ban kinh dudng cong
tai vi tri n61 hai duding clothoid. Tir d6 tinh lai cdc thong s& A theo cong thic (3.25) va
tinh lai ban kinh R theo cong thitc (3.17a) va (3.17b).

Budc lam ti€p nay s& cho tri s& bdn kinh chinh x4c khac véi ban kinh gi thiét ban diu.

- Str dung bén kinh chinh xdc d€ cim cong theo bang hoic tinh theo cong thifc gidi
tich. Nhung do bdn kinh nhin dudc khdng 13 s6 nguyén nén phdi ti€p tuc cong viéc
hiéu chinh bing cdch ndi suy cdc s8 liéu ¢6 trong bang cim cong.

3.4. KET HOP CAC CUNG CLOTHOID LIEN TIEP (NOI TIEP NHAU)

Trudng hgp cdc cung clothoid néi ti€p nhau d3 néu sd bd trén hinh (3.1k).

Viéc két hgp cac dudng cong chuyén ti€p lién 1i€p tao thinh mdt dudng cong bao
gbm ndi nhiéu doan clothoid ciing hudng nhung ¢6 cdc thong sd khdc nhau. Tai cdc
diém ti€p xdc ching ¢6 chung dudng tang va ching mdt ban kinh.

Loat duttng cong k&t hgp lién ti€p ndy thudng duge st dung d€ 1am dudng cong

e 1 R o . iy e e A .

him, Khi thi€t ké thi ty 1€ cdc thdng s0 cla 2 dudng clothoid ndi tiép nhau —A—' khong
2
Vgt qud 2 1dn va cdc tri sO tdi thi€u vé ban kinh va thong s A phy thudc vao t5c do
thi€t k& nén dugce chon theo cic sd lidu ghi trong bang 3.3. do ndi cdc dudng cong ¢6
céc thong s& khdc nhau nén tai cdc vi tri ¢6 di€ém ndi & ¢6 sy thay doi vé do cong. Sur
thay d6i nay phu thudc vao viée lua chon cdc thong s& thi€t k&. Pay 1a nhude diém
cla loai dudng cong nay.

Trén hinh (3.9) trinh by sd dd ndi hai doan duting cong chuyén ti€p clothoid. Tir s¢
dd ta xdc dinh cdc gde ti€p tuyén va cdc toa d6 theo cdc cong thife saw:
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Puding cong chuyén ti€p 1 cé chiéu dai Lg , gdc ti€p tuyén B, thdng s& Ay, bdn

kinh cong Ry va dugc x4dc dinh theo toa d§ vudng goc XOY.
Pudng cong chuyén ti€p 2 ndi vdi dudng cong 1 ¢6 chiéu dai L'g, . géc tiép tuyén

B, thdng 6 A,, bdn kinh cong R, va dudc xic dinh theo toa d6 vudng géc X' QY.

Y
Y
0
- -
r—
Hinh 3.9: N6i hai diiimg cong clothoid lién tuc ¢6 chidu dai
tong cong gém hai cung OF; va E,E
Theo hinh (3.9) thi:
B=P-B (3.26)
Va B.=P"2+ AP 3.27)

TiAm cia dudng tron ¢ ban kinh R 1a M| va c¢lia dudng tron ¢6 ban kinh R 1a M.
Toa dd cla diém E, dugc xdc dinh trén cdc truc vudng géc XOY phu thude vao toa
dd cla cdc diém E,; va BE; duge xdc dinh trén truc X’QY' theo cic cdng thifc sau:

Xg =Xg + (x'Ez — X, ).cos .Aﬁ~(y;:2 ~¥E, ).sin Ap (3.28)
Ye =Yg, +(x;_:2 —Xg, ).sin AB+(y'E2 ~YE, ).cos AP (3.29)
Toa d6 cuaa tim M xdc dinh theo cdc cbng thic:
Xy = Xg, +(x{w—x'El)cosA[}—(y;“—yEl)sinAB (3.30)
ym =R+f (3.31)
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Trong d6 khodng cach f bing:
Xy = Xg, +(x;u~x;5|)cosAB—(y]\1~y'E])cosAB-R (3.32)

Chiéu dai téng cdng ciia 2 doan cung clothoid ndi ti&p:

Ly =cung (OE; + E\E)

Vi L;El =cung (O’E, + E|E)
va Lg, =cung O’Ey; Ly = cung OE,
nén: Le=Lg +(Lg, - Lg ) (3.33)

3.5. KET HGP CAC PUONG CONG NGUGC CHIEU

Diy la trudng hgp thi€t k&€ kho khin nhat, ddc biét khi cdc duding cong nay dat & rat
gan nhau. Trong wrwdng hgp nay khi thigt k& thi phai dit tuyén sao cho giita cdc diém
cudi clia hai dudng cong trdn ngude chidu phii ¢ doan thing chém di bd tri dude cdc
duding cong chuyén tiép.

Chiéu dai dudng cong chuyén ti€p thudng duge bd tri mdt ni¥a niim trong dudng
cong tron, nita con lai dit trén doan thdng. Vi vay, chiéu dai doan thing chém phai
khong nhd hon tdng hai nita duting cong chuyén tiép.

B¢ ndi hai dudng wdn ¢6 ban kinh Idn ¢6 thé cho phép ndi trire ti€p cac dudng cong
chuyén ti€p nguge chiéu ma khong cin doan chém. Khi dé giifa hai dwdng cong
chuyén tiép nguge chi€u dugc ndi tryc ti€p vdéi nhau. Diém cudi cia dudng cong
chuyén ti€p nay 1a diém diu cia dudng cong chuyén tiép kia.

Khi thi€t k& tuyén clothoid thi chiéu dai clia cdc dudng cong chuyén ti€p khdng bi
phu thudc vao ban kinh cac dudng cong tron theo tiéu chuin ma chiéu dai, ban kinh
cong va thong s6 clla cdc dudng cong chuyén tiép duge xdc dinh tir viéc bé tri hinh hoc
clia cdc dinh géc chuyén hudng va khodng cich giita ching.

Pé bio dim dd déu din cia tuyén clothoid
trong khong gian, khong tao nén diém giy tai
vi tri ndi cdc duting cong thi cac thdng s6 cia
cdc duding cong clothoid két hdgp ngude (hinh
chit S) cin duge tudn thi cic didu kién dudc
néu rd & chudng 2.

So db két hgp cdc dudng cong chuyén ti€p
Hink 3.10 ngugc chi¢u duge trinh bay trén hinh (3.10).
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Cdc trudng hop xic dinh khodng cdch D di néu cu thé & chuong 2.

Trudng hgp hai duding cong chuyén ti€p ndi truc 1i€p ngudc chiéu cé cung cdc
théng s6 14 L, R, A va khodng cdch D thi cdc iri s6 ndy c6 thé xdc dinh gan ding
theo cac cong thic dudi diy:

4 2
R= ;‘I A _ L (3.34)
24D 24D
L = 3¥24A%D =/24RD (3.35)
3
A= 22_0 — $24DR? (3.36)

L2 At I}

- = = (3.37)
24R 24R°  24A7
Trong d6 R dudc goi la ban kinh thay thé:
= RiR, (3.38)
R, +R,

Tinh theo cdc c6ng thic trén thi sai s 1di 3%.

O nudec CHLB Duc tir 1au ngudi ta di xay dung todn dd dé thiét k€ cdc dudng
cong ngude chiéu cé dudng cong chuyén ti€p (xem hinh 3.11).Todn dé dugc 1ap theo
quan hé giita 2 dudng trdon ¢6 bdn kinh 16n Ry va bdn kinh nhd R,, khodng cdch giita
2 dudng tron 14 D. khi d3 xdc ldp duge cdc bdn kinh Ry, R; va khodng cdch D ta ¢é

. = . - R
thé dé dang tim dugc théng s6 A dua vao cdc ty sd —',B,i :
R, R, R,
4 .l - - D 20
Vi duy: Ry = 2000m, R; = 1000m, khodng cdch D = 20m ta ¢6 —=——=0,01];
R, 2000
R, 1000 : ., . A s s .
= = ——=0,5 giao nhau cua 2 dudng trén truc tung (0,01) va trén truc hoanh (0,5)
R, 2000
roi vao dudng nghiéng ¢6 tri s0 0,3. Nghia la:
—1}—:0,3 hay ——=0,
R, 2000

Riit ra: dudng cong chuyén ti€p c6 thong s6 A = 2000 x 0,3 = 600m. Thyc hién thiét
k& k&t hdp hai dudng cong ngude chiéu dugc thuc hién trén binh 46 ty 1& 1/1000
hay 1/2000.

3 budc so bd st dung cdc bd thude khudn miu cho dudng cong tron va cdc duding
cong chuyén ti€p clothoid dé€ lya chon budc diu ban Kinh cdc duding cong tron, chiéu
dai va thong sd cac duding cong chuyén tiép.
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Yuz

Hinh 3.12

Trén hinh (3.12) trinh bay cdc y&u 18 cda duiing cong k&t hop hai duding clothoid
ngude va duge xdc dinh nhu sau:

Chiéu dai duding cong KK; 12 t8ng ciia hai dudng cong clothoid:

L=L;+L, (3.38)
Khodng cdch ngin nhat giita hai duting cong tron:

D=D, +D, =MM, (R, +R,)

Trong dé:
Xy +E
D, =4 ~R, (3.39)
SInE
Xum. — B
D,=—2___R, (3.40)
5N g

Goi khodng cdch ngan nhit gita dudng ti€p myén di qua diém giita cia dudng cong
chuyén ti€p véi hai dudng tron R;, Ry 1a £, va f; thi khodng cdch E xdc¢ dinh nhu sau:

E=(R, +f)).tge—x,, (3.41)
Hay  E=xy, —(R,+f,).tge ; vdi R;>R,; (3.42)
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Ciéc khoang céch:

2 XM = Xpm, +Xum, (3.43)

2IM=YM, M, (3.44)

MM, ='&& (3.45)
sing

3.6. KET HGP CAC PUONG CONG CUNG CHIEU

Nhv d3 trinh bay trong chuong 2, viéc k&t hgp hai duding cong cling chiéu c6 thé
xay ra 2 trudng hop: hai dudng tron cing chiéu 16ng vio nhau hodc & cdch xa nhau
(xem hinh 2.9 chuong 2).

Trong trudng hop hai dudng trdn ciing chiéu cdch xa nhau thi khi thi€t k& yén
clothoid ngudi ta khong 1am doan chém ngin ma thi€t k€& t6 hgp cdc duding cong sao
cho tuyén chuyén mét cdch déu dan tiY bdn kinh cong R clia dudng cong trdn sang cdc
ban kinh cong thay d6i R; théng qua cdc dudng cong chuyen ti€p (xem hinh 2.9b).

Trudng hop hai dudng trdn co bdn ciing phia 16ng vao nhau thi doan chuyén ti€p
d€ noi hai dudng tron ¢6 dang xodn dc (xem hinh 2.10). Khi d6 dé cong cla dudng
cong chuyén ti€p dugc thay d6i tr k = —Rl—de’n k= RL vdi (R; > Ry).

[ 2

Ciing nhu ddi vdi cdc dudng cong ngude chiéu, chidu dai va thdng s& clothoid dugc
thi€t k& phu thudc vao ban kinh cong va khodng cdch giifa cdc dinh goc.

C6 thé néu ra diy mét dang todn dé dé ban doc tham khdo (hinh 3.13).

Hinh 3.13 12 todn dd dé thiét k€ duding cong cung chiéu. Cach s dung todn db nay
ciing gidng nhy cdc s dung todn db ddi vdi hai dudng cong ngude chiéu (xem hinh
3.11). Khi da dinh dudc céc ban kinh duding cong Ry va R vdi Ry < R; va khodng cdch
D giifa ching, ta ¢6 thé tinh dugc ty s& % (ghi trén truc hoanh) va ty s& RB (ghi trén

2 1

. - r k] . = N - ] e A A~ -
truc tung). Giao nhau vudng géc ciia hai dudng nay s€ cho ta ty s ——trén cac doan
1

cong, tr d6 tinh duge thong s& A clha dudng cong chuyén tiép clothoid.
Vi du: Xdc dinh thong s6 clia dudng cong chuyén ti&p clothoid ndi hai duting cong
tron ching chiéu ¢6 Ry = 2000m va R, = 1000m, khodng cdch D = 20m.
R, 1000 ~ . D_ 20

Tir toan do ta c6 —L = =0,5; —=———=0,01. Hai dudng giao nhau tai diém
R, 2000 R, 2000

A trén duding cong ¢o Rﬁ = 0,7 . Vay dutmg cong chuyén ti€p c6 thong s6 A biing:
1
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A=0,7xR;=0,7 x 2000 = 1400m
Ngay nay, do su phdt trién manh mé ciia tin hoc, viéc sit dung todn dd chi dé tham
khdo hodc dugce sit dung dé xdc dinh sd b.
Pudng 16i chung d€ thi€t k& 1a c6 thé thuc hién bling cdch dung cdc bd thuc khudn
mau d€ dp thit sau do tinh todn cdc yéu 5 bing cic cong thifc gidi tich trén m4y tinh.

004 005006 008 01 02 03 04 05 06 07080910

§r B §
8k 5 g
£ 12
3b 3
e 4
it ?
sf 18
2F 2
i 13
ns 4
ot ?
8F 18
2k 2
3r 13
ne 4
5F 5
6 §
7F 7
8 8
2f 2
3t 3
af 4

A
Ry
004 005006 008 01 02 03 04 05 06 07080910

Hinh 3.13: Todn do dé thiét ké cdc dudng cong ciing chiéu.
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Trong trudng hop hai dudng cong trdn cng chiéu 1dng vao nhau thi néi ti€p hai

duting cong trdn nay bing dudng chuyén ti€p xodn Sc. Cdc y€u t& cla duding cong
xoin 8¢ nay dugc trinh bay trén hinh (3.14) va dude tinh theo cdc ¢Ong thife dudi day:

pl
Xy t,
T
Hinh 3.14

AX

tge = —4
Ay g

Trong do:

AyM = Ym, ~ M, =(R, +f,)-(R, +15,)
AXpy = XM, ~XM,

Khodng cich gilta 2 tim:

MM, = \/Axid +Ay]2vl

Cac khodng cdch trung gian:
Gy =ym, 18

Gy =ywm, 88
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Cdc dudng tang:
t, =(R, +f2)tg% (3.52)

Va T=t, + Xy, (3.53)

Chiéu dai dudng cong clothotd E{E; = L dude xdc dinh bang:

L =E, E; =0E; - OF,
Hay L=1L,-1, (3.54)
Va khodng cdch gdn nhat clia 2 dudng tron nhu da biét:

D=R,—(R,+MM,)

3.7. MOT 80 Vi DU THIET KE TUYEN CLOTHOID BANG CACH SU DUNG
CAC THUGC KHUON MAU VA BANG TRA

Nham gidp ban doc thdy & hon cdch k&t hgp cu thé cdc dwng cong chuyén tép
trong thiét k€ tuy€n clothoid mot s6 uudng hgp dude minh hoa bing cdc vi du nhé néu
ra dudi day:

Vi dy 1: (k€ hgp hai duding cong chuyén tiép d6i xitng lién tuc)

Cho géc ngoaty = 15"30°

- Bang cdch dung b thude khudn miu cho céce duding cong trdn va cdc dudng cong
clothoid dp vao cdc duding tang sd bd ta dinh duge bdn kinh dudng cong tron c ban
R’ = 500m va chiéu dai duding cong chuyén ti€p L' = 130m.

- Xdc dinh géc ti€p tuyén cla dudng cong clothoid vdéi truc hodnh

P 2 2

- Xdc dinh gin ding théng s6 A'=+/500x130 =254,9m. Ta quy tron A’=255m.
- Theo phu luc ta dudgce:

A =255m thi é=0,52 va R=2i=490,3m.
R 0,52

. 260 . P
- Néu chon A = 260m thi %: 300 =0,52 . Nhu vdy néu giita nguyén bdn kinh R =
500m va chon thong s6 A = 260m thi theo phy luc vdi R = 1 chiéu dai dwong cong
chuyén ti€p I = 0,2704m va vdi R = 500m chiu dai dudng cong cluyén tiép L s& la
& thap phan:

Lan luot tra tif phy luc va tinh cdc y&u (3 cha dudng cong chuyén tiép:
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- P6 dich chuyén: p = 0,03045% 500 = 15,23m

- Pudng tang nhd: 1=0,1351x500m = 67,55m

- Toa do diém cudi ndi hai dudng cong chuyén ti€p vdi nhau:
x, =0,2699 % 500m = 134,95m
Yo = 0,0122x500 = 6,10m

Vi du 2: (két hop hai duong cong chuyén tiép doi xung lién tuc va biét trudc chiéu
dai duong tang)

Do diéu kién dia hinh chiéu dai dudng tang bi khdng ch€ va do duge T=131,92m.
g6¢ chuyén hudng y = 25°02”

Thi€t k& duting cong chuyén tiép lién tuc d6i xitng theo cdc budce sau:

n 1
- X4c dinh géc tiép tuyén B = % B 230 =12°30". & bang phu luc khong ¢6 tri s

géc niy nén ta can phadi ndi suy.

- Chon tri s& gin nhat cia P=12"31" 1a cdc géc B, =12°28'45"va B, =12°43'57"

- Hiéu giita 2 géc AP =P, B, =12°43'57"-12°28'45"=15"12" hay 912". Tinh
hiéu AB, =B—PB, =12°31'-12°28'45" =2"15" hay 135"

- Tinh ty 58 A—B'=£§~-=0,148
Ap 912"

- Tra bang véi B, =12°28'45" thi ty s6 %z 0,4356
ot 0 Y " oA L
Vi 3, =12743'57" thity sb E=0,4444
Hiéu s6 d6i véi yéu t6 L (Ung voi R = 1) s& 1a 0,4444 — 0,4356 = 0,0088. Vay hé s

hiéu chinh bing éhx0, 0088 = 0,148 x0,0088 =0,00130

Ap
B4 sung ludgng hiéu chinh 0,0013 vao ty s6 % ing véi B ta duge 0,4356 + 0,0013

= 0,4369.

Ti€p tuc hiéu chinh wong tr d6i vai thong s6 A va cdc y&u to khdc 1a p, t, Xo, Yo
bing cdch tra bang phu luc. Ti d6 fim dudc cdc gid tri chinh xdc d6i vdi gée p=12"31"

€ ¢6 20 2 0,4349,70 2 0,0317,1g ¥ = 112931 = 0,222
R R 2

94



Xdc dinh bdn kinh R theo cdng thdc (3.13)

- 131,92
0,4349 +0,0317 +0,222

=298,49m

L&y céc tri s& ¢6 dudge tit bing tra nhin véi tri s6 R = 298,49m ta dudc:
L =130,44m
A=197,32m
p=2,37m
t=065,12m
Vidu 3: (két hop hai duong cong chuyén tiép lién tuc khong déi xing)
- Tai goc ngodt y = 12, nhd thude khudn miu so bd 4ng chirg R = 1000m, hai
duting cong chuyén ti€p chon hai théng s§ A, = 500m, A, ~ 400m

- T bang phu luc tra ﬁ=399=0,5 va cdc tf sO tudng (ng L =0,25;
R 1000 R

P_ 0,002603 ; L =0,1249; Xo _ 0,249610;y—0 =(,01405.
R R R R

- Nhin cdc ty s8 trén cho R = 1000m ta dugc: L = 250m, A, = 500m, p, = 2,60m,
ty = 124,94m, xy = 249,61m va y, = 10,41m

- Géce By tra duge 1a 7°09°43” quy tron By = 7°10°

- Xdc dinh géc By =v - By = 12° - 7°10°=4"50

- Tinh ty s6 Ay _ 40 =0,4 vi vay cin phdi hiéu chinh bing cich ndi suy céc tri

R 1000

s0 gin ding trong bing ra twong dng v6i hai géc lién nhau, p = 4°48'57" va
B, =4°51'26"

- Két qua ndi suy hiéu chinh dudc tri s& chinh xdc clia thong s& Az = 410,75m. cic
y&u t6 khdc cla dudng cong chuyén ti€p 2 ciing duge tinh todn ndi suy tudng ty.

- Cudi ciing céc dudng tang Ty, T, dudc tinh 6 céc tr s6 dugce bigt theo cdc cong
thitc (3.23), (3.24). |

Trén day 1a nhiing trudng hdp co bin két hgp cde dudng cong chuyén ti€p v6i nhau
va vdi duling cong tron. Céc trudng hop ndy 1a co sd @€ thiét k& tuyén clothoid ma ndi
dung chi ti€t s& dugc trinh bay chi ti€t & chudng tiép theo.
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Chuong 4
PHUONG PHAP THIET KE TUYEN CLOTHOID

41. TINH UU VIET VA PHUONG PHAP CO BAN THIFT KE TUYEN
CLOTHOID

4.1.1. Tinh vu viét cia tuyén clothoid

Tuyén clothoid bdo ddm ddy di cac yéu ciu vé dat wyé&n quang hoc. Sy thay ddi
déu diin ctia binh dd twyén bao gdm 1Y viée phdi hop cdc doan clothoid 1am cho tuyén
duge déu din, nhip nhang. G tuyén clothoid thi moi vi tri thay d8i hudng tayén va két
hdp gilta cic dudng cong cling chiéu hay ngugce chiéu déu dugc thue hién bing cic
duding cong chuyén ti€p clothoid.

Tuyén clothoid ngoai wu di€m ndi bat 1a cé thé két hdp hai hda véi phong canh
xung quanh va ém thuin v& mit quang hoc ¢on ¢6 nhiéu wu di€m khéc nhu:

- Do tuyén dudc udn lugn lién tuc mdt cich mém mai vdi cdc ban kinh cong 16n
nén cai thién ddng k& tim nhin céa l4i xe, nhat 1i cic xe chay ngudc chiéu, tao diéu
kién cho I4i xe yén tim diéu khién xe chay vdi tdc dd 16n nhat cho phép va néng cao
an toan xe chay.

- Tuyén clothoid tao nén cdc dudng cong thing trén d6 ta b tri sidu cao s& tao nén
sif cin biing gitta céc thanh phin e ly tim (C.cosa) va trong Iugng thanh phin cla 6
td (G.sinct) gidp cho 141 xe gili duge qu§ dao mong mudn khi diéu khién xe chay.

- céc khu vye thudc viing doi thodi nhu viing trung du phia Bic nude ta hay céc
viing doi thodi & Tay Nguyén thi diat tuyén clothoid cho phii hop vdi cdnh quan 1a diéu
rit thudn 161, ddng thdi ¢6 thé gidm dudc khdi hugng cdng tic ddng ké.

- Tai khu vyc ¢6 dia thé phifc tap ma bude tuy€n phii di qua mét s& di€m khong
¢h& d3 dinh thi thi€t k€& tuyé&n clothoid c6 thé bdo ddm cho xe chay thudn 1gi hon ca so
vdi cdch thi€t k& tuyén théng thudng.

Ciing do tuyén clothoid dugc thiét k& ¢6 kha niang bam duge dia hinh nén ¢6 thé
trinh duge nhitng vi tri do siu, ddp cao hoiic trdnh duge nhitng ndi ¢6 dia chit khong
tot nhu noi ¢6 ddt dd phong héa manh, viing ¢ ao, hd, dim 1ay ... va ciing chinh nhd
st dung k&t hdp cic duding cong chuyén ti€p clothoid dudi dang khéc nhau va két hgp
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cdc dudng cong chuyén ti€p vdi cdc dudng cong tron khdc nhau ma ta ¢6 thé vach

~ s - . A7 e
tuyén di qua dudc cic diém mong muon.

Hinh 4.1 1a m6t vi du vé thiét k€ mot doan tuyén clothoid bao gdm chi c¢6 cic
duding cong trdn va cdc dudng cong chuyén ti€p clothoid ndi véi nhau. Trong d6 c¢6 ba
dudng tron véi cdc bdn kinh R = 3000; 3500m dugc ndi vdi nhau biing cic dudng cong

A= 1386,600] v %
L = 640,89m

a =60712" | 7

" H

DN & \!
A = 1386,600|
L =549,34m
& o = 4°29'47"

A = 2619,800
i |L=749,64m
\ a=6°0809"

A = 1350,084
L = 607,58m
o = 5°48°07”

; N

Hinh 4.1

()
R = 3000m
© L =23520m

clothoid ngugc chiéu c6 ciing chiéu dai va
thong s6 hodc cling thong sd nhung khac
chiéu dai da tao thanh mot dudng cong déu
ddn khong c6 diém gay.

4.1.2. Cédc budc co ban thiét ké& tuyén
clothoid

Theo kinh nghiém cta nhiéu nudc thi
thi€t k& tuyén clothoid dudc thuc hién trén
bdn vé ty 1€ 1/1000 — 1/2000.

Céc budc cd ban thiét k& tuyén clothoid
dudc thuc hién nhu sau;

Bude 1: Nghién citu binh dd, xdc dinh vi
tri cic diém khong ché. Piém khong ché
cling 12 di€ém mong mudn ma khi thiét k&
phéi cd ging dé tuyén di qua.

Budc 2: Dua vao cdc diém khong ché va
cdc yéu cau vé phSi hgp véi cinh quan
thién nhién ndi tuyé€n di qua ti€n hanh vach
sd bd tuyén dudng. Tuyén dudc vach xem
nhu 1a truc dudng trén d6 ta cim cic coc.

Trudc day khi vach tuyén clothoid dé c6
thé ¢6 duge mot dudng truc qua cdc diém
khong ch€ va udn lugn theo dia hinh phu
hdp v6i cdnh quan ngudi ta thudng dung
mot thudc 1am biing nhya mica trong sudt
mém c6 thé udn cong bing tay tiy theo §
mudn cla ngudi thi€t k& dé vach duge mot
tuyén cong trén binh db (xem hinh 4.2).
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Hinh 4.2

Ngay nay cic k§ su thi€t k& c6 thé d& dang vach ra cdc phuong 4n binh d6 vdi
nhiéu dang duding cong tiy ¥ di qua cdc diém khdng ché€ va phit hgp vdi dia hinh tngc
ti€p trén m4y tinh nhd sy trg gidp cla phin mém Autocad ma khong cin phai sit dung
dén thudc cong mém dé vach tuyé&n bling tay nhu trén binh dd wrvde day.

Buoc 3: Ti€p theo 1a st dung cdc bd thude khudn miu (bao gdm bd thude khuon
mau cdc dudng cong trdn vdi cdc bdn kinh khdc nhau va bd thude khudn mau céc
dudng cong clothoid vdi cédc thong s& khidc nhau) dé ap vao tryc duudng cong da dugc
vach sd bd G butde 2 nhdm muyc dich:

+ Sd bd dinh vi tri va ban kinh cdc dudng cong tron;

+ Xdc dinh m6t cich dng chitng théng s6 va chiéu dai, ban kinh cong cia cic duting
cong chuyén tiép clothoid.

Nguyén tic két hdp cdc dudng cong clothoid véi nhau va ndi chiing vdi cdc duding
cong tron cling chidu hay nguge chiéu duge thyc hién theo nhitng chi dan chi tiét §
chuong 2 va chuong 3.

Buoc 4: Sau khi da thiét k&€ dude tuyén clothoid so b nhd thuc hién céc budc trén ta
ti€n hanh quy tron cac tri s& nay rdi biing cdc cdng thite gidi tich d€ tinh todn hay bing
bing tra (xem phu lyc) xdc dinh chinh x4c cic yéu t& clia cac duting cong clothoid.

Day 1a bude co ban nhat dé c6 mot tuyén clothoid duge thiét k€ hoan hio trén binh
d6. Ching ta ciing cin luu ¥ ring, khi thiét k& tuyén trong diéu kién dia hinh hay dia
thé phuc tap lai phai di qua nhidu diém khong ché thi ngay tit budc vach tuyé€n sd bd
13 mot dudng cong lién tuc (bude 2) ciing phai phdi hgp ludn véi viéce dp st cdc thudc
khudn mau clothoid (& bude 3) sao cho ¢6 thé tao nén mot tuyén sd bd déu diin mang
tinh thi&t k& kha thi. Khi k&t hdp cdc clothoid ¢6 théng s6 khdc nhau thi tai di€m ndi
ching phai ¢6 cing mdt ban kinh vA mdt ti€p tuyén chung.
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Cong viée cudi cung sau khi tinh todn chinh xdc cdc yéu td clia dudng cong clothoid
1a thure hién khoi phuc hay xdc dinh lai vi tri clia tat ¢ céc ti€p tuyén dé€ bido ddm cim
dugc cdc dudng cong trén thye dia biing cdc dudng tang.

4.2. CHE TAO VA SU DUNG THUGC KHUON MAU PFE THIET KE TUYEN
CLOTHOID

4.2.1. Ché& tao by thudc khudn miu:

Céc thude khudn mau duge st dung dé thi€t ké tuyén clothoid gbm hai loai:

a) Bj thiidc khudn méu cic dudng cong tron

Bo thudc khudn méu cde dudng cong tron ¢6 cdc ban kinh khdc nhau. Cdc thude
nay duge 1am theo ty 1€ clia binh d6 tuyé&n dude thi€t k& (ty 18 171000 hodc 1/2000) vdi
nhitng tri s& bdn kinh ting dan tit nhé dén 16n; trong do tri s& bdn kinh tdi thiéu cla
dutfing cong nim dugc chon phil hop vdi cap duding thiét ké.

Vi dy, theo ti¢u chudn thi€t k& msi (TCVN 4054-2005) quy dinh nhu sau:

Cap dudng I 1T 111
T6c dd thict k&, km/h 120 100 80 60
Rumin 2161 han 650 400 250 125
Rnin thong thudng 1000 700 400 250
Ry Khéng siéu cao 5500 4000 2500 1500

Ngoai cdc bdn kinh 181 thi€u bd thude khudén miu cla dudng cong tron phii bao
gdm cdc ban kinh thong dung nhit dac trung cho mdi cip dudng va phit hgp vai didu
ki¢n dia hinh (tuyén thi€t k&€ qua viing ddng bing va ving ddi thi Iya chon cdc ban
kinh thdong dung ¢6 tri s& 16n, con d6i v6i viing ndi thi ngudc lai).

b) Bé thuéc khuén méu cdc duwdng cong clothoid

Céc thude miu duding cong clothoid duge ché tao theo cdc thong s& khdc nhau. Tri
s thdng s6 A dudc lga chon ¢é thé tr 100, 200 cho dén tri s& bing hodc Idn hon
1000m. Vdi tuyén clothoid, tai cdc gdc ngoit nhd ¢6 thé thi€t ké cdc duwdng cong
clothoid ¢6 chiéu dai 16n véi thong s6 A Iita chon ciing s& 1én hon ing véi cdc ban kinh
R 16n; Ban doc ¢6 thé thay ro diéu ndy trong m6t vi du néu trén hinh 4.1; Pdng thdi
cling ¢6 thé thi€t ké duding cong chuyén ti&p clothoid ting vdi gidi han trén clia thong
s& A, Khi d6 ¢ thé chon A, =R (cOng thife 2.2 dd dan).

V§i gidi han rong nhu thé nén mdt bd thudc mau (¢é the ¢6 tir 20-25 thude miu).
S& Iugng thude miu ché tao ciing nhu cdc thong s6 A lra chon cin duge tham khio
mdi tidng quan gilfa bén kinh cong R va théng 6 A cling nhu cap duding thiét ké.
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Trong trudng hop chiéu dai duding cong chuyén ti€p 1a s& thap phan thi ban kinh
2
cong cudi ciing dudgce xdc dinh tit cong thic: R = AT

Céc bd thudc khudn méau dude ché tao biing cdc mi€ng nhua trong sudt hoic biing
bia cttng (carton). TSt nhat la biing nhua trong sust d€ ¢6 thé nhin thdy binh dé dat &
dudi thude trong khi x€ dich thude do fim vi tri thich hgp.

¢) Cdch ché'tao cdc thide khudn méu clothoid

Trudc h€t can dinh tri s& thong s6 A va cdc tri 8 bién cla cdc ban kinh duting cong
tron ddi v6i thong s6 dad cho. Sau dé sit dung cdc cong thite giai tich dé tinh todn cic
y€u t& cla duding cong chuyén ti€p hay dufa vao bang 1ap s&n (xem phu luc ).

Tuy nhién, hién nay nhd ¢6 sy hd trg cla mdy tinh ta khéng cin dya vao bang lap
sidn ma dua vio phudng trinh clothoid dude lap theo toa d6 vudng goc dd néu trong
cOng thifc 1.55 va 1.56 & chudng 1 & ché tao thudc cong. Cy thé nhu sau:

Thyc hién theo cdch nay thi véi mbi mdt thong s8 A di chon tity theo chiéu dai cia
duding cong clothoid ciing vdi mét ban kinh R; (S; = AZR) st dung mdy tinh tinh dugc
cdc toa dd (X ,Vei) tWONg ng. Sau do ndi cdc diém nay lai ta s¢ duge mdt thudce cong
clothoid.

Vi du: Chon théng s& A = 400m véi ban kinh R = 200m. Sau khi tinh cdc chién dai
duting cong chuyén ti€p S; vi cdc toa d6 wong Ung (X, ,y.i) trong pham vi R = 200 +
1200m theo bing da 1ap mdy in ra cdc sO li€u dé ché tao thude cong miu nhu sau:
(xem bdng 4.1).

A = 400m Bang 4.1
Ri(m) AR S;=Li= AR, Xei Vi
200 2,000 800,000 533,789 398,992
225 1,778 711,111 552,881 312,841
250 1,600 640,000 542,795 242728
275 1,455 581,818 519,996 189,333
300 1,333 533,333 492,707 149,327
350 1,143 457,143 438,027 96,523
400 1,000 400,000 390,115 65,486
450 0,889 355,556 350,046 46,303
500 0,800 320,000 316,739 33,884
600 0,667 266,667 265,353 19,684
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Bing 4.1 (ti€p theo)

Ri(m) A/R; Si=L;= A¥R, Xoi Yoi
700 0,571 228,571 227,963 12,416
800 0,500 200,000 199,688 8.324
9S00 0,444 177,778 177,604 5,849
1000 0,400 160,000 159,898 4,265
1100 0,364 145,455 145,391 3,205
1200 0,333 133,333 133,292 2,469

Hinh 4.3 Trinh bay thudc khuoén miu duge ch€ tao theo cdc s& liéu tinh todn néu
trong bang 4.1. Viéc vé thudc khudén miu cling dugc thyc hi€én ngay trén mdy tinh.

/

200

&:0\
AN

Hinh 4.3: Thudc khudn méu clothoid vé#i A = 400m

|
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4.2.2. St dyng thudc khuon miu d& thiét k& tuyén clothoid

Sau khi vach dudng truc vdi cdc géc ngoit xéc dinh & budc 2 ta sit dung bo thudc
khu6n mau dé thi€t k& nhu sau:

TruGe tién st dung bd thude khudn mau cdc dudng cong tron 4p vao dudng truc da
duge vach sg bd tai noi ¢6 cac goc ngodt d€ so bd xdc dinh vi tri va ban kinh cdc
dudng cong tron.

Néu cin thi€t k& dudng cong c6 doan chém tron thi ta 14y diém ti€p xic cha thudc
khu6én mau véi truc dudng (tie duding tang) coi 13 di€m giia clia dudng cong chuyén
ti€p rdi thitc hanh thi€t k& theo cdc trudng hop duding cong tron, nd1 hai dau biing hai
dudng cong chuyén ti€p d5i xiing hoac khong doi xing nhw di trinh bay trong muc 3.1
va 3.2 thude chuong 2. '

101



Trudng hgp khdng sit dung doan chém trdn ma ndi tryc ti€p cdc dudng cong chuyén
ti€p vGi nhau thi & budc sd bd ta st dung cdc thude khudn miu dp lién tuc vio
dutng truc.

1000m NG,

-~

min ™

R

Hinh 4.4

Vi du, trén hinh 4.4 ngudi ta sit dung 3 thudc khudén miu clia dudng cong clothoid
dp lién tuc vao duding truc tai doan duting cé 2 goc ngodt v, va y2. Tat gbc ngoac v, két
hgp hai duding cong chuyén tiép cling chiéu khong ddi xing khdc nhau vé chidu dai va
thong s6 A. Chuyén tir géc ngodt v, sang géc ngodc v, két hdp true ti€p hai dudng cong
chuyén tiép ngudc chiéu ciing khong d8i xing va khdc nhau cd chiéu dai clng
thong s6.

Sau khi dp lién ti€p cdc thude Khudn mau vao dudng truc cd cdc géc ngodt y; ta s&
dudc s¢ bd mot phuong 4n tuyén clothoid gan ding 12 mdt dudng cong lién tyc.
Phuong phdp dp thude khudn miu (tim bing mi€ng mica trong sudt) 1én duding truc
vach ra trén binh d6 dudc thé hién rén hinh 4.5.

Trong trudng hdp cic dudng cong chuyén ti&p ndi tryc ti€p vdi nhau thi iy theo
truding hop ma thye hién thi€t k€ theo ndi dung thiét k& dd néu trong muc (3.3) hodc
(3.4) hay (3.5) thudc chudng 2.

Pé bdo dam do chinh xdc trong thuc t& thi€t k& ngudi ta thuding xdc dinh (con goi la
dinh vi) toa d6 clia tat ca cdc diém dude coi 1a dic tnmg nhu: toa d6 chda cic dinh géc
ngoit, céc diém ddu va cudi clia dudng cong trdn va cdc dudng cong chuyén tié€p; toa
do ciia cdc diém khdng ch&, ddng thii cling xdc dinh ludn cao d9 cda cdc diém dic
trung nay.

Toa do cla cdc diém dic trung dude tinh todn trén mdy tinh theo cdc cong thic di
bi&t trong tric dja va trong hinh giai tich. Con tga d6 cda cdc di€ém dic trung dudc xdc

dinh trén binh d4 khu vurc ¢ sdn hoac dya vao cdc sd liéu chup dnh hang khéng.
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Hinh 4.5: Sit dung thudc khuén miu mdu dé thiét ké tuyén clothoid
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Phuong phdp thi€t k&€ tuyén clothoid trinh bay § trén dude thuc hién két hop gitta
cdc ¢ong viéc thyc hién bing tay va cdc cong viéc duge tinh todn trén may tinh. V§i
nhitng k¥ su thi€t ké ¢ kinh nghiém thi sé it ngin dugc thdi gian két hop gitra giai
doan vach tuyén so bo trén mdy tinh véi viéce sit dung cic thude khudn miu clothoid
ciing nhut viéc chinh xdc héa cdc yéu 18 clia cdc dudng cong thiét ké theo cdc cong
thitc gidi tich dugc thuc hién nhanh chéng va dé dang rén may tinh.

43.XAY DUNG PHUONG PHAP THIKT KE TUYEN CLOTHOID TREN MAY TINH

Hién nay & cdc nudc phat trién ngudi ta di thiét lp cdc phan mém dé€ thiét k&
tuy€n clothoid. Trong phin nay ching t3i xin gidi thiéu ndi dung co ban thi€t k& va
tinh todn tuyén clothoid trén mdy tinh dd 4p dung & CHLB Nga va di dude dua vio sb
tay thi€t k&€ dudng 6t ciia nude nay tif nhitng nam 1997,

Tat nhién, cidch 1am nay chua phdi 13 t3i vu so véi nhiéu phin mém tién ti€n hién
nay nhung ciing giip ta ¢6 dugc nhitng khdi ni€m cd bdn dé thuc hién thiét k& tuyén
clothoid trén may tinh.

NOi dung bao gdm cdc van dé sau: )
a 2
A<

* Tuyén clothoid duge thiét k& trén binh R>0 R>0 P
P A L<0 L>0
do co c‘jc toa do; QU B>o>§/x
* Vin phdi tién hanh phic thio tuyén > 5 -
s . . - . o A>0 A<D
biang cd¢ dudng cong lién tuc k&t hdp vdi cic /;G R<0 \

doan thdng va cdc dudng cong tron; Iﬁi% Fi%

* Stt dung cdc phan mém dé€ tinh todn toa 4
do cdc diém dic trung cla tuyén va cdc sO

ligu g€ cim wyén. R>0 R>0
L<0 L>0
Trong hé thong toa d& vudng géc chung Y<0 120

2 ) - ‘ i ] 1 g - . X
XOY dé thiét k& thi X!, O', Y’ 1a toa dd dia R<0 0 R<0
B vE 18 L<0 L>0
phudng cua yéu td j. 520 7 <0

D6i vdi dudng cong tron thi nhin diém
diu cha dudng cong tron lam gdc toa do ddi

vdi cac yéu td clia nd. ? L<o ! Lo X
P6i véi duding (hay doan) cong clothoid thi 0 L

14y diém tai ¢6 ban kinh R = o0 1am diém gdc

(di€m ddu). Hink 4.6

Truc X’ ti€p tuyén véi tuyén va hudng clia nd triing véi dudng cat tuy&n tinh toan.
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Pé c6 thé kiém tra tr dong thi diu quy uGc cla cdc y&u 15 phai wan theo quy tic da
néu trén hinh 4.6,

* C6 hai phudng phdp thi€t k€ trén mdy tinh. D6 1a:

- Phuong phdp céc véu 18 diém twa:

- Phuong phdp 1am gan diing lién tuc cdc diém.

Dudi ddy trinh bay tém tdt titng phuong phip.

4.3.1. Phuong phip cic y&u t& di€m tya

Thié't k& tuy&n theo phuong phép cdc diém twa dita trén cd s6 sit dung cac bo thudc
khuén mau cda duding cong tron va dudng thing k&t hop v6i cac duong cong hoac
doan clothoid tao nén tuyén clothoid trén binh dé da dudc xdc dinh cdc toa do.

C6 ba loai y&u 5 diém tua, d6 1a: cdc y&u t8 diém tya da dude xdc dinh; cdc yéu 16
diém tya bdn xdc dinh va cdc y&u 18 diém tya ty do.

YEu t6 da xdc dinh dudc hinh dang bén ngoai (vi du dudng thing hay dudng tron
hay véi dudsng cong tron da ¢6 ban kinh d cho - tite 1a cdc y&u 8 di duge biét) cling
nhu vi tri ciia ching trong toa do thi duge goi 13 yéu 16 diém twa da xdc dinh.

Yéu 8 da x4c dinh duge hinh dang, vi tri clia n6 trong hé toa d6 chung nhung trong
qud trinh tinh todn c6 thé quay y&u & quanh mot diém nao d6 duge goi 12 yéu 15 diém
tia ban xdc dinh.

Y&u td chi xdc dinh dude hinh dang nhung khéng xdc dinh dudc vi tri ciia né trong
hé thong chung thi goi 1a véu 16’ diém tua 1 do.

1 Z 3 4 b . [ 7
X2:Y2) S Y ooy / (X2); Y2j) s - P A bapvay -
/ { R ] ?’ (X2}; v2i) (X1j: Y1)
(X1]; Y1)} /{)(1]"_ Y1j) (X1j; Y1) \ (X0j; YO)) \ # X1 Y1) \ (X0} YOj)
8 9 10 11 12 13 14
X1 Y1) Yoo | (X3 Y30 X1 Y1) w PR )
g N X/ P & e & / _ & P -
/ 7| vy & / Sxaivz) |/
g | N / A~
/ K vy || / @‘10 xtp vy
/ / \ -1y

Hinh 4,7
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Trén hinh 4.7 cho thdy cdc trudng hop tir 1 dén 7 1a cdc y&u td diém twa di xadc dinh
(1a dudng thing di qua 2 diém ¢d dinh hay dugc xdc dinh theo toa dd va cdc duting
cong did dudge xdc dinh biing ban kinh da cho va qua cde diém cd dinh).

Cidc trudng hdp tit 8 dén 11 1a cdc yéu t& diém tfa bdn xdc dinh vi 1a dudng thing

hodc duting cong tron ¢hi di qua mdt diém hodc néu dudng trdn qua 3 diém nhung

khdng ¢d bdn kinh xac dinh.

Cdc truddng hop cudi cung tit 12 dén 14 12 cdc yéu t8 diém wa tu do.

Pé dim bdo thiét k& tyén
duge mém mai ngudi ta di
nghién cifu dua ra cdc s¢ do
tinh todn khdc nhau. Céc sg do
nay déu dua trén cd s& tdng
hgp cac trudng hop thutng gip
trong thuc t& thi€t k€ va dude
chia thanh ba nhom dudce dac
trung bl cde vi tri tuong hod va
vi tri gitta cdc y&u td di€m tya.

Cich thi€t k&€ tuyén theo
phudng phdp cdc yéu & diém
tua dudge thue hién nhit sau:

- Trong khi phan tich tuyén
di dudce vach sd b ta xde dinh
s lién e cta cic yéu &
nhung chua xdc dinh gidi han
clia cdc yéu to ndy;

- St dung bd thudce khudn
mau cdc duting cong tron va
duting thing dé€ xdc dinh vi tri
cha cic yéu o diém tua;

- Lira chon so @b tinh todn
phll hgp nhat trong 16 trudng
hop két hop dd néu thude ba
nhém trinh bay trén hinh 4.8,
hinh 4.9 va hinh 4.10 d€ thyc
hién k&t hgp va tinh todn cdc
y&u td chi tiét trén mdy tinh,
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(Lo* Lah AdA,

Hinh 4.10

Mot chuong trinh t6ng hop duge thiét 1ap sé ty dong nhin biét cdc dang k&t hgp
thudc ba nhém trén. K&t qui s& thu nhan duge cic dic trung hinh hoc cla tat ci cdc
yéu to nhu: chiéu dai, ban kinh, cdc thong s6, tri s§ cdc géc ngodt ... ; cic toa 46 va vi
trf clia cdc di€m chinh cla tuyén va cic dinh gée ngoit.

Chuong trinh ciing cho k&t qua nhén biét dudc loai yéu (8, hudng ti€p tuyén & diém
dau clia y&u 13, cdc ban kinh 3 diém diu va diém cudi y&u 18, toa d6 diém diu ciing
nhw chiu dai cda yéu 5. Pong thdi dya vao nhiing k&t qua tinh todn thiét k& rén dé
xay dung cdc phan mém khdc nhu: cim myé&n, ding hinh chi€u phdi cinh v.v...

4.3.2. Phuong phip lam gan diing (xap xi) lién tuc d€ néi cac diém

Uu di€m ctia phuong phdp xap xi so véi phuong phép céc y&u 18 diém tua 12 loai bd
duge khoi lugng 16n cong viée phdi s dung cic bd thudc khudn miu dé thigt
k€ tuyén.
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N6i dung cd bdn cla phudng phdp niy ¢6 thé 16m tit nhu sau: Tif tuyén dudc phéc
thdo sd bd ban ddu dinh ra duge toa d clia mot s& 16n cdc diém cd ban trén tuyén. Sau
d6 tir di€u kién t3i thi€u héa tSng binh phuong cdc d9 1&ch cia tuy&n thist k& so véi
tuy€n phic thdo sd bd ban diu (phuong phdp téng binh phuong bé nhit) ma vach duge
binh d tuy€n thda min cdc yéu ciu cla mdt tuyé&n cothoid.

Sd d6 tinh todn ciia phuong phap lam gan ding lién tuc cic diém dudce thé hién rén
hinh 4.11.

n(xnyl'lpn)

Hinh 4.11;
I- Tuy&n phic thio sd bd; 2- Tuyén thiét k&

D& két thic chuong nay chiing t6i mudn khing dinh thém véi ddc gid mot didu 1
Hai phuong phap thi&t k& tuyén clothoid trén mdy tinh dudc trinh trinh bay & trén ¢é
thé chua hoan hdo so véi cdc phin mém clia nhiéu nudc tién tién hién ¢b. Song, trong
diéu ki¢n budc dau ti€p can v&i cong tac tu van thist k& cdc cong trinh dudng 6 t6 cap
cao va duding cao téc § nudc ta hién nay thi chic ring hai phuong phép tinh todn thiét
k€& tuy€n clothoid nay s& 1A nhitng g¢i ¥ va nhitng tham khéo c6 ich cho ching ta.
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Chuong §

KIEM TRA PO BANG PHANG QUANG HOC
CUA TUYEN CLOTHOID PUGC THIET KE

5.1. PUONG OTO TRONG KHONG GIAN

Céc dieu kign bdo ddm tinh thdm my, ddu dan va bing phing quang hoc trong
khong gian khi thi€t k€ wyén clothoid cho dudng 6t6, trong dé duting cong clothoid
duce coi nhu 1a mot yéu 5 doc 1ap dé lién ket vdi cdc dudng cong tron, doan thing
hoiic k&t hgp véi nhau da dudgc trinh bay mét cdch chi tiét trong muc 2.3 cla chuong 2,

Cidc dicu kién nay chinh 12 nhiing i khuyén va nhitng hudng din cho ngudi thiét
k& khi lya chon bdn kinh R, chiéu dai dudng cong trdn t8i thidu (K.), chiéu dai
duting cong chuyén tiép clothoid (L), théng s§ clia dudng cong (A) ciing nht quan hé
giita cdc thong s6 trén véi tde do thist k& V.

Viéc phoi hgp gitfa cac y&u 5 binh 46 va trdc doc bao gdm ¢4 vi tri tuong déi gitta
cdc dinh clia dudng cong ditng va duding cong niim, ty s§ cdc bén kinh cling nhu chiéu
dai clia cde dudng cong ciing la nhitng van dé da duge nghién cifu va da dua ra nhiéu
nguyén tic thiét k€ phsi hop cho dwting 6t6.

Tuy nhién, trong qu4 trinh diéu khi€n cho xe chay trén dudng ii xe phai ldn ludon
dua vao cdc dudng ranh gidi chudn duge vach rd trén mat dudng nhur mép phan xe
chay, tim duding hay cdc d8i tigng, cdng trinh khdc ¢6 trén dudng nhu cdc hang ciy,
hang rao bién (barier), coc an ninh, cdc cdng trinh kién tric canh dudng .... d€ dinh quy
dao xe chay va d€ phin dodn hudng di ti€p theo cia dudng.

Hi€u qud 16n nhdt dat duge d6i véi dit tuyén quang hoc 12 tap trung dudc céc vi tri
ma tai d6 tic ddng manh nhit d&én nguwi 14 xe.

Miit khdce tuy€n dudng 3 mdt dudng cong trong khéng gian, vi viy trong thict ké
ngoai viéc dp dung cic nguyén tic thi€t k€ chung, con phai xdc 1ap cdc loai diém va
duting; tao nén cdc doan dudng dic trung riéng biét clia tuy€n va dang bé miit tao nén
nén duding. Dva theo cdc quy ludt tzo thanh cdc bé mat xdc dinh, ta ¢6 thé thay 1 cdc
truding hop phsi hgp giita binh d6 va tric doc dwimg trong khong gian nhu dudi day
{xem bang 5.1),
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Bang 5.1

Tuven dud Loai bé mi( phu thudc vao dang
. uyén dudng o
Trudng | Binh d6 va miit cal ngang
hdgp trdc doc Dang (uy€n (r Budng con
ang uyen Tong Céc dudng thing g cong
khdng gian phing
1 Budng thing Cdc mit phing Hinh tru
, it ciia hinh
2 S Bung cong ding | Cic hinh tru nghiéng Mt cua il
— Puding tru tron
———— 2 N
3 L thang M?llajilnhglzzglm Cdc hinh non BE& mit xoay
- Mit cdt hinh ry | CRCAMEXOANOC 1\ per v bink
4 : nohidn nghiéng cé budc U tron
5 / b6 dic nghiéng Ca<l:1.dAang x}o;r;;f:
- _r——_ | Duing khong ddi AERICNE €O UL -
cong khong doi
- , | khong P ddc ngiéng Céc dang xo#in &c
6 | [r— gian Gine dan nghiéng ¢4 budc -
(duding £ thay ddi
xofin hinh . Céc dang xodn 8¢
7 | e | ww | DodOcngi®ng | es bude
n . 2 g -
gidm dan thay ddi

Tit bang 5.1 cho ta thiy tuy€n trong khdng gian ¢6 thé phan ra 1am ba loai:

a) Puong thing trong khéng gian: khi binh d5 va tric doc déu 1a nhitng doan thing
(trutng hgp 1).

b) Puing cong phdng: bao gdm céc trudng hgp:

- Nam trén mit phing ditng khi két hop gilta dudng cong didng (161 hodc 16m) vdi
dudng thing trén binh db (trudng hop 2);

- Nim trén mat phing ngang khi k&t hgp giita dudng cong trén binh do vdi cdc
duong thing hodc duding cong trén triic doc (trudng hgp 3 va 4).

¢) Priong cong trong khéng gian: khi k&t hop cic dudng cong trén binh db vdi cdc
dudng cong hodc thing trén tric doc (cdc rudng hop 5, 6, 7).

P61 vdi cde doan dudng trong khong gian 13 dudng cong phdng thi khodng cdch va
chiu cao clia diém nhin dnh hudng trire i€p dén thu cdm thi gidc cla ngudi 14i xe. Vi

du ciling 1a dudng cong tron nhung hinh dnh cia doan dudng nay dudgc ka1 xe nhin nhin
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khi la dutng tron, khi 1a hinh ellip hodc ¢6 thé 1a mot duding thing hay duding parabol,
hyperbol, tuy theo khodng cdch va vi tri tir nhi€u di€m. Ciing nhu vdy hinh 4nh khong
gian cla doan dudng cong nay néu nhin tif xa thi ldi xe cam thay dudng bi gdy 16m
nhung néu dén gan lai thi cdm nhan thuy&n khong gian déu din nhu hinh 4nh dugc thé
hién trén hinh 5.1. |

Hinh 5.1: a- Cu ly nhin L = 50m (cdm nhin cong déu);
b- Cu ly nhin L=150m (cdm nhdn gay lom).

Hinh dang va kich thudc clia tric ngang ciing 4nh hudng dén thu cim thi gidc cia
ldi xe d€n hinh dnh khong gian cla dudng cu thé 1a:

Khi xe di trén dudng c6 tric ngang hai mdi thi bé mat dudng dudc cdm nhin 1a bé
mit hinh con, mdt phin bé mat duge cdm nhdn thi gidc 12 bj 16i con phan kia 1a bi 16m.
K€t qud 1a, 1di xe cdm thdy d9 nghiéng clia phin xe chay nghiéng v& phia mép ngoai.

Khi xe chay trén doan diriing c6 trdc ngang mot mdi (siéu cao) thi mdt phan xe
chay tao nén hinh cdn lam cho 14i xe ludn huéng cho xe chay vé phia 16m vdi cam
nhén thi gidc nhu mot mat phing déu din. Bdi vay, bd tri siéu cao tai cdc dudng cong
ban kinh nh6 khong nhitng ning dd 6n dinh xe chay trén dudng cong ma cOn cdi thién
dugc d6 bing phéng ctia thi gidc.

Khi xe chay trén dudng cong ding 16m cia tric doc thi tai chd 16m cia tric doc
hinh 4nh be mit hinh tru khong gian ciia nén dudng tao thanh cdc mit hinh tru giao
nhau 1am cho cic ldi xe cdm thdy nhu 1a bi 16m xudng hay 13i 1én. Né&u tric doc 1a
dudng cong ding 16m thi hinh 4nh khong gian clia doan dudng thé hién rd trong trudng
nhin cta 14i xe, con néu tric doc 1a 18i thi mot phan ctia duding cong ¢6 thé niim ngoai
giGi han cda tim nhin.

Phu thudc vao bé rong phin xe chay ma ciing tai chd c¢6 dudng cong ditng 16m cim
nhdn thi gidc ve khong gian dudng ciing s& khdc nhau. L4i xe nhin thdy chd 16m bi gay
nhiéu n€u nén dudng rong nhung lai cim thdy chd 1om bi giy it néu bé rong nén
dudng hep (xem hinh 5.2).
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e

Hinh 5.2: a) bgp=5m (cdm gide I6m it) ; b) byza=24m {cdm glde gay lom nhiéu)

DPai v6i cac duong cong khdng gian (vi du nhut cdc trudng hgp 5, 6, 7 néu ra trong
bing 5.1) thi hinh dnh trong khéng gian clia ching dugc biéu thi bdi cdc diém bink

thuong va cic diém ddc biét.

a

,Mi___/"/ t
Enn;

7 8 9 10 11 12 13 14 15

d B,

7 8 9 10 11 12 13 14 15
b

7 g8 9 10 11 12 13 14 15

Hinh 5.3
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Céc diém ddc biét 1a cdc diém thap nhit cia dudng cong ding 16m hay diém cao
nhi't cia dudng cong ditng 18i (xem hinh 5.3.a v b) di€ém két hdp cdc dudng cong niim
ngudc chiéu (hinh 5.3.c) di€m k&t hdp hai dudng cong diing ngude chiéu (hinh 5.3.d)
hodc k&t hgp hai dudng cong ding ngude chiéu vdi hai dudng cong nim ngudc chiéu
(hinh 5.3.¢).

Cac diém ndi giffa hai duding cong ngude chiéu 1a cic diém udn.

Piém udn 12 hinh chi€u cda diém binh thudng trong dudng cong khéng gian dudc
coi 12 diém udn di dong. Piém udn nay di déng khi thay d6i di€m nhin cla l4i xe tao
cho 1di xe mdt &n twong nhy séng di dong. Trén cdc dudng cong dat trén doan c6 do
doc dang ké ta ¢6 thé triét tiéu sy rung dong ciia tuyén biing cdch thay th€ doan dudng
cong phing trong khéng gian.

Nhu vay, cdc diém udn di ddng cé dudc tit cdc di€m binh thudng cla tuyén khong
gian. Vi du nhu cdc di€m chay trén truc ctia mot dudng cong tron tao nén khi xe dang
chay (xem hinh 5.4a). Con cdc diém udn ¢d dinh 1a cdc di€m dic biét, vi du nhu di€ém
P ndi giita hai dudng cong nim ngude chiéu (xem hinh 5.4b). Tai cdc diém udn ¢o dinh
nay, néu k&t hop gitta dudng cong trén binh &0 va dudng cong ding trén tric doc
khong 10t thi mac dau thiét k&€ déu thda min cdc yéu cau vé cdc thong s6 k§ thuit
nhung vin ¢6 thé tao nén cic “di€m giy” trong khong gian.

Hinh 5.4: a} Cdc diém binh thuong ;. b) Diém uén o dinh P

Trén hinh (5.5) biéu thi sy xuat hién diém gay trong khdng gian khi k&t hgp dudng
cong ding 16m tring vdi dudng cong nim (hinh 5.5a) va, k&€t hop dudng cong diing 16i
va dudng cong nim (hinh 5.5b).

a)

Hinh 5.5

Tir nhitng phan tich so bd vé mdt s6 cdc hinh dnh ciia dudng trong khong gian dude
thé hién qua cdc hinh chi€u phdi cinh cho thiy:
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1- Cdc dac tnrng hinh hoc cda cdc dudng cong va vi tri diém nhin d6i v4i doan cin
xem xét s& 12 cdc nhin 18 quyét dinh cdc dic trung cla hinh chi€u phdi cdnh doan
dutng;

2- Trong khong gian thi cdc doan dudng cong phing trong phdi cdnh van duge cdm
nhian mdt cdch nguyén ven. B&i vy, dozfm duding cong dit trén cdc doan tric doc ndm
ngang hay tai cdc chd 1dm cua tric doc vAn dudc cdm nhin nhu [a mdt dudng khong
¢é cde diém dac biét n€u nhu trén cdc doan nh vay ta lga chon cdc ban kinh dudng
cong tron phit hgp va trén dudng cong dugce thi€t k& siéu cao thi ¢ thé bao ddm duge
dd ém thuin vé mit thi gidc;

3- D61 véi cdc duting cong khong gian, tai d6 lai bd tri dudng cong ding tring véi
dwing cong nim thi do dic trung hinh hoc ciia chiing khong duge bdo ton nén tai cdc
vi tri diic biét (nhur dd néu trén hinh 5.5) do bing phing thi gidc s& bi phd v3, lam m4t
di 6 déu dan quang hoc ciia tuyén.

T4t ¢4 nhitng diéu trinh bay trén déu c6 thé xdy ra khi thi€t k€ tuyé€n clothoid, da
cho khi thiét k€ ching ta da tudin thi cic nguyén tic ciing nhw nhitng hudng din vé hva
chon cdc thong s8 theo tuyén clothoid do chua kiém sodt chat ché va diy di rong viée
k&t hop cac yéu td binh db, tric doc, tric ngang cling nhu vi tf twong hd gitfa ching
khi thiét ké.

Do vy, chi ¢6 thé xdc dinh duge dd bing phing vé mat thi gidc va tinh khdc tri€t
t5 rang vé mat tim 1y cling nhu 46 déu din quang hoc clia tuy€n thi€t k&€ bang céc
hinh chi€u phéi canh cic doan tuyén cin xem xét ki€m tra.

Miit khdc, chat lugng thu cdm thi gidc cla ldi xe trén cdc doan dudng phic tap theo
chidu di va theo chiéu vé s& khdc nhau do thay d&i cinh quan va vi tri ciia diém nhin
(vi du: tai mdt doan khi di thi 1én ddc khi vé xudng ddc, tai mot duding cong khi di thi
ré phai khi v€ lai ré trdi v.v...).

B&i vy, dé phan tich thu cdm thi gidc mot cdch ding din thi tai cic doan tuyén
phifc tap cin thi€t phai dung hinh phéi canh cla doan dudng theo cd hai chiéu
xe chay.

5.2. PO BANG PHANG PONG LUC VA PO BANG PHANG THI GIAC CUA
TUYEN PUONG - CAC GIAI POAN THIET KK
5.2.1. P9 biing phang déng luc va d) bing phang thi gidc cia tuyén

Trong qué trinh didu khién xe chay, 141 xe mot mat hudng 161 muc dich ¢b ging rdt
ngdn thdi hanh trinh trén dudng mit khdc ludn ludn lo ldng sao cho xe chay trén
duting ducic an toan trén sudt ching dudng.
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Hi€u qud cua cdc hanh dong cia 141 xe hoan toan phy thudc vao hai y&u t8 ¢d ban
la: trang thdi tim ly cGia nguoi ldi xe va cdc difu kién dudng ciing nhu cdc tinh hudng
x4y ra trén dudng. Thuong khi dang cho xe chay ldi xe thudng “tudng tugng™ d& hinh
dung cac doan dudng sip t6i cho xe di dén.

Cdc nhan t6 khi€n l4i xe tip trung chi ¥ va dnh hudng tric ti€p dén an toan xe
chay cling nhur t8¢ d§ xe chay chinh I3 binh dd, tric doc doan tuyén, nén dudng, (inh
trang cda mat dudng cling vdi cdc thong tin dit bén 1€ dudng (nhu bién bdo, hang cay
xanh, hang rao (barrier) va cdc ¢dng trinh kién tric khéc...), nguoi di bo ..

Vi vay trén c4c doan dudng c6 mit dudng khong biang phing lai xe thudng gidm
toc d6 nhim gidm Iuc xung kich do va ddp ciia 18p xe xuSng mat dudng. Khi vao
dudng cong ma 14i xe cdm nhan 1a dudng cong gip hodc tai cde vi tri tao nén cdc di€m
gdy trong khong gian ldi xe ciing gidm tdc d6 nhiim giam lyc ly tim ting dd Sn dinh
va an toan cho xe chay. Trén cdc doan dudng biing phdng, c6 tréng céc hing cdy xanh
3 hai bén dudng lai xe thuting tang téc do va ¢ xu hudng cho xe dich chuyén vao gin
gita tim dudng. TruGng hgp nay thuding xdy ra khi mit do xe trén duding khong cao.

Tir nhitng phén tich trén cho thay, dé bio dim cho 14i xe didu khién xe mot cich an
toan, thudn lgi véi tdc dd cao thi dudng 016 dude xay dung phii dat duge hai yéu ciu
co bdn sau: tuyén duding phai bing phing vé mat dong lyc hoc va ddng thdi cling phai
bing phing vé miit thj gidc.

D¢ bdng phdng dong yc cia tuyén dudng ¢6 thé dat duge khi thiét k€ cdc y&u 16
cla dudng (binh dd, tric doc) sao cho 0¢ d6 xe chay trén dudng giita doan nay véi
doan khdc ké lién thay d6i khong ddng k€. Tuan theo diéu kién ndy, tiéu chuan thiét
k€ duding cla My quy dinh trén cdc duding tryc phdi tudin theo nguyén tic td¢ do xe
chay trén cdc duding cong ké lién khong duge khdc nhau AV = 9-13kmv/h véi tri s& luc
ngang khong déi. Theo tiéu chudn thiét k& duding 6td va duding thanh phi ciia AASHTO
ndm 1994 thi quy dinh trén cdc doan dudng cong don  4gp
1€, mic gidm dc do so véi t6c do thiét k€ chung ciia g0l == /
dudng khong duge vugt qua mifc AV = 10km/h (v /

e

khong bao git vugt qua mifc AV = 20km/h). g 60 // :
Nhitng két qud nghién ofu, khio sdt wén nhiéu 5 40 :
tuy€n dudng 6td hién hitu dang khai thdc thudc nhém & 20 / I
A va B ¢6 (3¢ d6 thiét k€ Vi = 100kavh (theo cdch !
phén loai cla nhiéu nudc) § cdc nudc (nhu CHLB 0" "4p 80 120 V. kmi
bitc, M§, Anh, Canada, Nga, Phdp, Uc, Hy Lap, CH Y
Séc, Hungari ...) cling da duwa ra cdc tiéu chuin an Hinh 5.5b
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toan giao thong trong d6 tuyén dudng duge ddnh gid 12 thi€t k& (8t khi hiéu giita toc dd
thi€t k& V, va toc do khai thac v&i sudt bio ddm 85% (Vys — 1a 18¢ dd khai thac dong
hoc trong diéu kién mit dudng 4m va sach bdo ddm 85% xe chay vdi tdc do bing
hodc thap hon tri s& chon. Tri s td¢ do khai thic Vgs dude xdc dinh tir biéu dd quan hé
gilta cdc tri 8 tdc do xe chay trén duding dudc khio sit vdi tan sd tich liiy cda chiing
nhit trinh bay ¢ hinh vé& trén), cling nhu hiéu giita cic t6c dd khai thic Vysg, v Vgsgen
ctia hai yéu td ké lién khong vuot qua 10km/h; wong dng trudng hgp chi chdp nhan
khi hiéu sd gilta céc toc do nay khong vugt qua 20km/h,

Dé kiém tra d6 bing phing ddng vc ta ¢6 thé thite hién bing cdch vé biéu db vin
toc xe chay theo ca chidu di va chiéu vé&. Qua biéu db t6c do (thuding dudc vé cho loai
xe chi€m ty 1& cao nhat trén dudng) ta ¢6 th€ thay rd ngay tri s& chénh léch tdc do
gilta cdc doan ké lién va tir d6 ¢6 thé chinh sifa thiét k€ lai doan tuyén cin xem xét
(nhy thay ddi dd ddc doc trén tric doc, thay ddi ban kinh dudng cong nim hodc tim
hudng di khdc néu cé thé dudc trén binh dd). Biéu dd t¢ dd cling cho phép ta xdc dinh
duge toc do xe chay trung binh theo chiéu di va trung binh cho ci hai chiéu dé doi
chiéu vdi tdc do thi€t k€ va tdc d6 xe chay 16n nhat cho phép (theo Iy thuyét) trén
tuy€n. Céc tri & trén gitlip ngudi thi€t k& ¢6 thé ty ddnh gid do bing phing dong lyc
clia phuong dn tuyén dudc thiét k€.

Phuong phép thi€t k&€ tuyé&n clothoid d€ vach tuyén trén binh dd chic chin s& lam
cho tuyén déu dan vé& mat ddng luc hoc hon hin so vdi phuong phap thi€t k€ binh d6
tuyén théng thudng vin duge thyc hién tit trude dén nay (ndi cdc dudng thing va
dudng cong tron bing cdc dudng cong chuyén tiép).

Do bing phdng vé mat thi gide va khic chi€t vé mat tdm 1y clia duding duge bao
dim khi thi€t k&€ binh dd, tric doc clia tuyén sao cho tao thanh mot tuyén khdng gian
déu dan vé mat quang hoc, tao cho mit ngudi 14i xe trong lic diéu khién xe chay nhin
lwdt trén dudng khong thdy cdc chudng ngai nhit cdc di€m gy, lan séng, cdc chd 16m
hodc khong 16 dude hudng duting di ti€p theo. Nhu vay, d€ nang cao an toan thuin Igi
¢ho xe chay vdi t8¢ dd cao khdng chf biing bién phdp trang bi tién nghi, & chic giao
thong bing hé thdng céc bién bio, son vach cling cdc hé théng k§ thuit khdc va diéu
khong kém phén quan trong chinh 13 cic dic trung cda clia tuy€n dudng dudc the hién
qua “khdng gian déng va bién dang” do xe ludn ludn di chuyén trén dudng. Ky ning,
sit hiéu bi€t va kinh nghiém clia ngudi thi€t k€ 12 sao cho tuyén duding duge xay dung
“1y gidi thich* dudc vé minh, khong dudc tao ra nhitng “bf @n” doi vdi thu cdm thi gidc
cha ngudi ldi xe, khdng tao nén nhitng “chudng ngai do” do thiét k& phdi hyp gilta cdc
y&u 16 khéng 18t vi chinh nhitng diéu nay khi€n l4i xe bude phai x¥ 1y ham xe hodc
gidm t8c do.
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Binh d6 clia tuy€n dudng duvjc thi€t k& theo phuong phap dit twyén clothoid vai su
két hgp hoan hdo gitta cdc y&u t8 binh dd, trdc doc, tric ngang s& bio ddm cho tuyén
deéu din vé mat khong gian, bing phing vé mat thu cdm thi gidc va khtc chi€t vé& mat
tam ly gitip cho l4i xe yén tdm diéu khién xe an toan va hiéu qua.

5.2.2. Cdc giai doan thi€t k&

Nhiing yéu cdu vé do bing phing dong hoc va bing phing v& mat thi gidc d6i v
duting 616 khi€n cho viéc thi€t k& duting duge thuc hién theo hai giai doan nhit dudi diy:

Giai dogn 1: Y&u cau co ban cda giai doan mét i thi€t k& dudng phai thoa mén cdc
yéu cau vé dong luc. Pidu nay c6 thé thyc hién d& dang bliing cdc tiéu chuin ky thuat
ap dung d6i v6i mdi cip duding.

Tuy nhién & giai doan nay ngoai viéc vin dung cdc tiéu chuin ky thuit dé€ thiet k&
con phai dong thdi két hop véi thit k& canh quan sao cho tuyén dudng phit hdp vdi
phong canh thi¢n nhién dugc gidi han bdi khong gian gin hai bén dudng. Diéu nay cé
nghia 12, k&t thic giai doan thi€t k€ dau tién thi tuy&n dudng duge thiét k€ phai thda
min cdc yéu cau vé ky thuat vi my thuit. Tuy&n vach ra khong nhitng bao dam dudc
do bing phang vé mat ddng hoc (chénh léch toc d6 gitta cdc doan k& lién trong pham
vi cho phép) ma con dat duge céc tiéu chuidn vé mat m§ quan: Tuyén duge xay ding
khong nhirng khong phd v3 hodc chia cit thién nhién ma nguge lai con 13 mot cdng
trinh ki€n tric t6 di€ém thém cho cinh dep ciia thién nhién va hai hoa véi phong canh
khu vire.

Giai dogn 2: Yéu ciu phai dat duge & giai doan thiét k& nay 13 tuyén dat do bling
phing vé mit quang hoc, déu din vé& mit cdm nhén thi gidc.

Mudn dat dugc yéu cdu trén cin thire hién nhitng van dé ¢d ban sau:

- Dung hinh chi€u phdi cdnh cdc doan tuy€n phic tap d€ kiém tra bing mit thuting
va bing cic tiéu chuin di dinh;

- Ki€m tra kich thuSc va sy phéi hgp gilta cdc dudng cong nim vi dudng cong
ditng;

- Lua chon cdc loai cdy xanh va phdi hgp viéc tdng ciy xanh d€ din hudng, dé
“nhdn manh” tuyén ciing nhu vai trd clia chiing “ty gidi thich” cho l4i xe doin biét
hudng va cde vi tri tuy€n nam ngoai gidi han tim nhin true ti€p cla l4i xe;

- Stra chita cdc doan tuyén khong dat yéu cu vé do bing phing quang hoc dua vao
cdc hinh chi¢u phoi cdnh duge dung biing phudng phép thay ddi toa do cla cde diém
dac trung ndm trén truc dudng.

Khi thifc hién & giai doan nay ching ta cin phiin biét:
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- Cdc doan duding c6 cic y&u t8 hinh hoc don gidn ma tinh chit ching vin dude duy
tri khi bi€u dién trén hinh chi€u phéi canh ; d6 1A cdc doan dudng cong phing bao gbm
cic dudng thing trén binh dd, cdc dudng cong biing. Truc clia cic doan dudng nhu vy
ia cdc dudng cong phang.

- Cdc doan dudng phifc tap 13 cic dudng thing cong trén binh dd va tric doc tao
nén cdc dudng cong phic tap trong khong gian ; cdc doan bi che khuit tim nhin ..Cédc
doan dudng phifc tap nhy the chi ¢6 thé xdc dinh d biing phing quang hoc va sy khic
chi€t rd rang vé mit tim 1¢ bing cdch phan tich thu cdm thi gidc hang loat cdc hinh
4nh phéi canh trifc quan.

Trong cdc doan phifc tap nay can htu ¥ cic dudng cong ding 16m ngén twrén tric doc
tring v&i dudng cong nim ngén trén binh dd dat & cdc doan dic > 20%o; cic doan duding
ma dinh cia dudng cong ditng va dudng cong niim léch nhau 1/4 chiéu dai doan cong.

Khi phan tich thi gidc cdc doan dudng phitc tap cin gidi quy€t mdt loat cdc van dé sau:

a- X4c 1ap ché dd xe chay trong dong vdi lwu lugng va thanh phan xe chay da cho
d€ quyé&t dinh vi tri diém nhin 1am cd sd ding hinh chi€u phdi canh.

b- Xdc dinh dang hinh chi€u phéi cinh va phudng phép dung hinh hdp 1y nhat.

c- Pdnh gid cdc gidi phdp thi€t k&€ v6i quan diém bio ddm d6 bing phing, ém
thudn va rd rang vé mit thi gidc theo cdc hudng ctia dudng;

d- Pva ra cdc gidi phdp sifa chifa tuyén vi mot sd van dé dé€ bio dim nhin manh
myén vé mit khong gian;

e- Xdc dinh hiéu qud kinh t€ khi stta chita , lién quan dén van dé ting gidm khdi
lugng cong tac dao dip dit va gia thanh x4y dung khai thic.

53, DUNG HINH CHIEU PHOI CANH P¥ KIFM TRA PO BANG PHANG
QUANG HOC CUA TUYEN THIET KE

Nhu dd néu & trén, nhitng nguyén tic c¢d bdn dugc dic két biing cac di€u chi din
khi thi&t k& k&t hgp cdc yé&u t8 cda tuyén dé bio ddm cho tuyén déu din trong khdng
gian va gin b6 véi canh quan xung quanh chi 3 nhitng hiténg din mang tinh tdng
quat; Con tuyén c6 dat dudc yéu cau nhy ta mong mudn hay khong lai phu thude vao
kinh nghiém vin dung cla ngudi thi€t k&; Do vy, cin phai tién hanh dung hinh chiéu
phdi canh dé danh gid va ki€m tra do biing phing quang hoc clia cic doan tuyén phic
tap trén tuyén duding thi€t ke,

5.3.1. X4c dinh vj tri di€ém nhin va trj s6 géc nhin
Go6c¢ nhin 12 géc tao bdi tia nhin chinh va tia chiu 1én vat.
Vi tri diém nhin va tri s8 gdéc nhin 4nh huéng thuc sy dén viéc lra chon hinh dnh

truc quan va phuong phap dung noé.
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Ngoai ra, sd lugng di€m va dudng, hinh chi€u clia ching dnh hudng dén phudng
phép luta chon d€ dung hinh chi&u phdi cinh.

Khi dung hinh dnh tryc quan thi vi trf di€m nhin trude tién duge xdc dinh bdi goc
nhin ro.

Goe nhin rd clia con ngudi vdi cdc d6i tugng 1a 1,0°-1,5°. V6i dd chinh xdc dd dé
phin biét cdc chi ti€t ctia doi tugng thi gée nhin bing 5°-6°, thod méin 1a 18°-20°,

Do sdc nét clia thi gidc con ngudi gidm theo d§ 1éch ciia tia nhin tir khu vire nhin rd.
D0 sdc nét ¢ia thi gide gidm & mifc d6 khdc nhaw tai cac mit phing khdc nhau. Nhu &
mat thing difng, goc nhin chi biing (0,5-0,75) géc nhin & mit phing nim ngang. L4i xe
khong nhifng thu nhén & phia trude minh ma con & mdt khoang cdch nao dé ngoai hinh
nén cia tim nhin rd. Nhng cdc d8i twgng nlim ngodi gée nhin bing 10° thi nhin khong
o cdc chi i€t man sic. '

B¢ nhin cdc doi wong nim ngoi pham vi clia ving nhin sdc nét, 14i xe phai dua
mat hodc quay diu, mat mot khodng thdi gian 16n hon hoic bling 0,5 gidy. Do viy, s&
gidm an toan, nhat 1a xe chay véi td¢ dd cao.

Hinh chiéu phdi cinh duding phai dude thic hién v ddnh gid tir di€m nhin cda lai
xe. Khi d6 can phdi xét dén vin dé: yén bi bién dang quang hoc, lam tuyé&n bi sai
1éch hudng & binh dé va tric doc.

Kich thudc cla ddi wyong lai thay d6i phu thudc vao mite do xa hay gin clia diém
dudc xem xét.

Vi viy, khi th€ hién d0 bing phdng quang hoc ctia doan duding, cin thiét phai dudc
danh gid § mdt vi tri nao do.

Khodng cédch tit di€m nhin dén dau doan dudng quan sit duge quyét dinh theo didu
kién xe chay thuc t€. Khi dong xe 12 khong ddng nhat vdi doan duding thing dai thi
khodng cdch diém nhin 13 khodng céch (dm nhin khi vugt L.

Lo=S,+S,+[,+S, (5.1

Trong do: '

Sp - khodng cdch ma 6td vugt qua trong thdi gian ddnh gid trang thai cda l4i
xe (1-28);

L, ~ khodng cich gitta xe vugt va xe di ngudc chidu & cudi lic vuot;

S» — chiéu dai quy dao vudt;

Sy - doan duding ma xe nguge chiéu di qua trong thifi gian vugt.

Céc tri 50 n6i trén ¢6 thé thamkhdo § bing 5.2
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Bang 5.2

_[ Toe dd xe (km/h) Khodng cdch (m) Khodng cich
Xe Xe bi Xe n tdm nhin (bao
Vit vfrc:)t Zhi%llr)qc Se S L, S quanh), L,, m
120 70 80 334 330 30 366 900
100 70 80 27,8 280 25 214 550
|__..._l,00 60 60 27,8 273 25 180 500

J dia hinh viing ni, chiéu dai cdc doan thing khong dang k€, tAm nhin bi gidi han
va s& lAn vugt giam ding k€. Trong diéu kién nhu vy, khodng cdch t3i thiéu tir diém
nhin d€n diu doan nghién cifu ¢6 thé 14y bing khodng cdch tim nhin cGa xe di ngude
chiéu. G6¢ nhin bao qudt doan nghién citu khdng vugt qua 10°, va dé xét dén dia hinh
xung quanh, géc nhin ¢6 thé md dén tri s& 20-30°. Chiéu cao diém nhin ¥ 1,2-1,5m.

B3 ¢6 mdt vai phuong phap dung hinh chi€u khong gian cta tuyén dudng 6t dugc
nghién cttu dé phuc vu cho muc dich khdc nhau: Vi du: B€ ¢6 dude hinh dnh phdi ¢inh
trén binh do trén dé thé hién ¢4 dia hinh va phong cdnh xung quanh, thi ngudi ta si
dung phudng phip chup hinh (photographic method) hay phuong phdp chia ludi rén
binh dd k€&t hgp véi bidu thi dj cao theo ty 1& clia hinh phéi canh hodc phudng phap do
thi phdi cénh.

D€ ki€m tra do bing phing ciia mdi doan tuyén thi€t k&, thi tt hon ¢4 12 s dung
phudng phip dung hinh chiéu phdi cdnh toa dd vudng géc trong dé mat phing 4nh
duge dit vudng gée vdi tia nhin chinh cia ngudi quan sdt, vi phudng phdp nay s& cho
ta hinh 4nh khéng gian it bi sai léch trong pham vi géc nhin khdng qud 30° va ¢é thé
dung hinh chi€u phdi cdnh doan tuy€n dai tdi 2-4km.

Hinh 5-6 {a s¢ dd dung hinh chiéu phoi ¢dnh trong toa d6 vudng goc.

- .
Mat nguii 2@
quan sat | ] L
Anh cia du0ng
Hinh 5.6
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Dudi day trinh bay chi ti€t phuong phap nay.

3.3.2. Céch dyng hinh chi€u phéi canh trong toa do vudng géc biing phuong
phap giai tich (Analytical method)

Theo cdch dyng nay thi toa do cba tdt ca cic diém dic trung ciia duding déu dugc
xdc dinh béng cdch tinh todn tif cdc cong thie gidi tich.

Trudc tién, ta dua ra mot sd khdi niém can thict 1a:

a) Diém nhin:

Piém nhin 12 vi trf dic trung ma ngudi quan sit ditng. Piém nhin thuding dugc chon
trén dudng phan thiy va tai cdc vi trf ¢6 tAm nhin han ché€ bling tAm nhin vugt xe.
Chiéu cao di€m nhin tng véi mdt nhin cla ngudi 14i xe va bing 1,5m d&i véi xe tai va
1,2m d&i vdi xe con.

Trén mdt cit ngang thi diém nhin cich mép phin xe chay 1,5-2m d6i véi dudng hai
lan xe. Néu duding c6 giai phin cdch thi diém nhin cdch dai ndy 2m.

b) Tia nhin chinh:

Tia nhin chinh la tia hudng wr di€m nhin vudbng goéc vdi mit phing dnh (mat
phéng tranh).

Trén tric doc ndi dudng c6 d9 doc nhd thi chon tia nhin nim ngang, tai doan cé do
déc 16n thi tia nhin dit & d6 doc trung binh cia doan dudng nghién citu hoic song song
v8i d9 déc cia duding tai diém nhin.

Trén binh dé néu la dudng thing thi tia nhin song song véi1 tim dudng. Tai dudng
cong ¢ d6 cong nhd tia nhin hudng vao khodng gitta viing quan sat, con néu duting
cong ¢6 d6 cong 1dn thi tia nhin xdc dinh theo hinh 5.7. Cu thé nhu sau:

- Tinh tdm nhin vugt xe L, theo cong thifc 5.1

- Tit di€ém nhin xdc dinh doan OA bling chiu dai tdm nhin vugt xe L, = OA. T O
vach dudng thing OB tao véi OA mét g6c 10°, OB chinh 12 tia nhin chinh tao thanh
£0¢ nhin 1o,

Buiing cong
trén binh 36

Bigm

Hinh 5.7
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c) Cdc diém ddc trung.

Hinh phdi canh duge vé thudng difa vio cdc diém dac trung la tim duGng, hai bén
mép phin xe chay, hai bén mép 1& dudng, mép rinh bién, mép dai phan cach (néu
¢6), chén ta luy dao hoic ddp, cdc nét dic trung cla dia hinh hai bén dudng.

d) Khodng cdch tiy diém nhin dén mdt phdng tranh:

Do binh dd & phia tude cdch mat ngudi quan sdt & cy ly d€n 200m thi hinh dnh phéi
céinh bi sai 1&ch nén ngudi ta khong dung dnh § cur ly ndy ma mat phﬁng tranh dugc dit
trude ngudi quan st (diém nhiny d€ dung phdi cénh thudng duge chon 1a d,=100m va
doan lap hinh phdi ednh cta duding phia niim trong gidi han t6i da cla gée nhin 12 30°.

Tir nhitng khdi niém va quy dinh da néu & trén ta dung hinh phdi cdnh cda doan
dudng theo trinh s sau:

+-1— tir diém nhin ta vach tia nhin chinh.
1000 2000

_ Xdc dinh toa d6 cla cdc coc & truc duding trén binh dd va trfc doc ké tir diém nhin
theo tia nhin chinh. Nhu the thi & binh d6 coc thit i duge xdc dinh bdi cdc 1oa do (x;, yi),
trong dé x; 13 khodng cdch tif coc i dén di€m quan sdt va y; 12 khodng cdch tif coc 1 tai

- Trén binh db va tric doc ty 1é

tim duting dén tia nhin chinh; con & tric doc thi cde tri s6 Z; ¢lia coc i chinh 12 higu
cao dd clia tia nhin chinh véi cao dd clia coc I tuong tng (xem hinh 5.8).

T.c - Biém ding

T3 - Biém nhin
8
Tia nhin chinh
z
1 3 3 5
Ta Tia nhin chinh _____Zr_____g_____
Tc Z3 B
1 2 5 4 5
Cao & g g 8 3 3 $2 83 5 8
= [iw] [Ta) [T=] P e - P e [
Khoang cachcoc| 20 100 | 100 | 100 | 100 | 100 | g 18 80 20 100 [50]
14 15 16 17 18 19 20 21 22
Hinh 5.8

_ Xdc dinh toa do ctia cdc dnh trén mat phiing tranh: r diéu kién dong dang giffa mot
vat thie vi anh ciia né trong mat phing chi€u ta ¢6, ta ¢6 toa dd dnh (xem hinh 5.9)

d..z.
z} vZi n
X
(5.2)
y = dyyi n
X



Trong dé:
do - khodng cdch tir mit 14i xe d€n mit phing chiu (thudng 14y 100m):
n - iy 1€ phdi cdnh (thueng 1a 1/100);
Xi- khodng cich tir mit 14i xe dén coc i;
Xi, ¥is Z; ~ toa dd cila cdc coc i;

z;,y} - toa dd cha 4nh tai coc i.

P> Mt phang 4nh

1

Diézghml//’ ]z )

T

Hinh 5.9
Néu z; vay; tinh bing cm thi:
7! = dyz;
X
dy (3.3)
y]l —0Xi
X.

I
va tinh cdc tri s6 z} va y] cda titng coc trén dudng.
-VE& hé toa dd yoz: x4c dinh toa do tai tim dudng & mot mit cit bit dau tai coc (1).

Pinh cdc di€m mép phin xe chay trén phéi cinh tir tri 50 nifa bé rdng phan xe chay
trén hinh chi€u duge x4c dinh theo cong thitc:

1
ﬂ=30_(2) (5.4)

va mép hai bén cia nén dudng tif trj s8 mot nita bé rong nén trén hinh chidu duge xic

dinh theo cong thic:
by _d, (b
Zni _Zof B (5.5)
2 x [ 2 ]

Trong do: b, by - bé rong thyc cda phin xe chay va nén dudng;

bi, bui - be réng clia phin xe chay va nén duting trén hinh phéi canh.
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- Ti€p tuc v& cdc mat cit khic tai cdc coc 2,3,..i ... 16i ndi cdc di€m tudng dng theo

truc dudng, mép hai bén phin xe chay va theo mép hai bén nén dudng, ta s& dudc
hinh chi€u phéi cdnh cda mot doan dudng (hinh 5.10)

=i

= [

b

o

d

| bs/2 bif2 ‘
l
1 b1/2

b1/

I
Hinh 5.10

P& thuin I¢i vA trdnh nhdm Jin trong qua trinh tinh todn ta 1ap bang d€ d& dang st
dung khi dung hinh (xem béng 5.3).

Bing 5.3
Khoiang Toa dd truc
Khodng cich trén Khoadng cdch
Tén | Tén | ., | trdiém | HEsOdieu  phgcdnh, d&n mép
di€m | coc (m) nhin chinh (dg/x) (cm)
¥i Zi yi xi Phin xe chay | Nén

(| @ (3) 4| ™ (6) (7) (8 o) (10)
5.3.3. Dyng hinh chiéu phéi canh cta dudng trén may tinh

Cong viéc dung hinh chi€u phdi canh dé kiém tra do bing phing quang hoc cla
tuy€n duding bing tay thi do kh&i lugng tinh todn vi dyng hinh chi€m nhiéu thdi gian

(k& ¢4 hién nay sit dung mdy tinh d€ tinh todn va 1ip bing sau d6 dung hinh bing tay)
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vi thé ngudsi ta chi lua chon nhitng doan tuyén phitc tap d€ dung phdi cinh. Vi du nhu
doan ¢6 tdm nhin bi han ché: doan phdi hop cdc dudng cong ngudc chiéu; doan c6 do
déc 16n lai vira ¢6 dudng cong ditng trén tric doc vira ¢ duding cong nim trén binh dé
v.v.. Bong thdi phii chon nhifng diém thich hgp dé dung hinh phoi cinh kiém tra.
Nhung khi da sit dung mdy tinh d€ dyng hinh phdi cinh thi ngudi ta c6 th€ thé hién
lién tuc hinh anh cla twyén dudng theo didu kién xe khdng ditng trén tuyén va dé
dang phdt hi¢n hay ki€m tra bit cif doan nao theo chidy di cling nhu chiéu vé doc
tuy€n. Va nhu thé thi viéc chon vi tri di€m nhin s& khdng con quan trong.

3 nudc ngoai, ngudi ta di nghién citu lap chuong trinh dyng hinh ph8i canh clia
dutng. Chuong trinh ndy ¢6 kha nang dung hinh chi€u ph6i cinh theo nhidu loai
(series) doan tuyén khd nhau v6i di€m nhin thay d8i hodc ¢6 dinh, dong thai cho phép
tinh toa d§ khdng gian va tdt c3 cdc di€m quan tdm nhu truc dudng, mép phan xe
chay, mép nén duding ... vi ¢6 thé chuyén tir hé théng toa d6 chung sang hé thdng toa
do riéng cho méi loai hinh phdi canh.

Vi tri cda cdc tia nhin chinh trong khong gian dugc xdc dinh mdt cdch ty dong.
Khodng cach (L) tir di€m nhin dén diém tdp trung chii ¥ cla ldi xe (T) phu thude vao
t5¢ 39 xe chay nhy sau (xem hinh 5.11);

R 20000 R12000
K100 200 B L _KI00 4
Hinh 5.11
er(kmfh) 40 60 80 100 120 150
L(m) 46 180 300 420 540 680

So d6 xdc dinh toa d§ cia hinh chi€u phdi canh dugc trinh bay trén (hinh 5.12).
Trong d6 biéu thi:
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Vi, Zki — C4¢ toa d6 4nh clia diém trén mit phang tranh;

! — Xho#ng céch tit di€m nhin d&€n mit phing tranh;

XT, Y1, 21 — toa do cda diém tip trung chd ¥ cda 141 xe trong hé X,0,Y;

Xi, ¥i, Zi — toa d6 clia diém trong hé toa do X,0,Yo.

Chuong trinh dugc 1p vdi cdc s6
liéu ban diu cda duding dudc thiét ké
theo binh dd, tric doc, tric ngang
nhi sau: '

- Binh d6 tuy&n: mdi mot yéu 0
duge dac trung bdi ky hiéu loai yéu 18
(dudng thing, dudng ton, dudng

clothoid...) cling cdc thong sd tinh todn
ctta ching nhu : tri s6 bdn kinh R,

chiéu dai, ... trong d6 bao gdm ca tri s8

Hinh 5.12

gidi han (t6i thiéu, 0i da ...).

- M3i y&u t3 trén tric doc c¢iAn hai dic trung 13 chiéu dai va bdn kinh dudng
cong ditng.

- Tréc ngang ¢6 thé thirc hién biing hai cdch: hodc dua kich thude hinh hoc ciia tric
ngang dién hinh hoac dva hinh tric ngang céd biét cy thé tai cdc vi tri dic trung cla
duding thiét k&€ kém theo céc tri s6 bé rdng thay d6i va bd i siéu cao tai cic dudng
cong vdi cdc tri s6 khdc nhau.

Vi cdc 8 liéu ddy di ciia chuong trinh ¢6 thé dung dudc hinh phdi cdnh ciia tuy€n
va dia hinh & hai bén dudng (ta luy ddo, dip ..). Hinh 5.13 13 mdt vi du vé dyng hinh
phdi cinh ciia mdt doan tuyé€n rén mdy tinh.

Hinh 5.13
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54. PANH GIA PO BANG PHANG THI GIAC CUA CAC POAN TUYEN pUgC
THIET KE TRONG KHONG GIAN

Khi ddnh gid d6 bang phing thi gidc cdc doan tuyén thi€t k&, trude hét ta cin hifu
dugc dic di€m thi gidc cla con ngudi, d6 1a do sic nét ciia thi gidc dudce dac trung bdi
khodng cdch t5i thi€u giita hai d6i tgng clia mit chiing ta nhin thdy.

D§ sdc nét cda thi gide phu thude vao I4i xe dang ngdi trén xe chay hay khdo sét
ddi twgng (khi diém nhin di dong). Ngoai ra con chiu 4nh hudng cia do chi€u sang, 4o
tu'dng phdn mau sdc cla cdc ddi igng hay cac nhén 6 khéc.

Trén hinh chi€u phéi cdnh, tri s clia dd 1&ch do mit ngudi thu nhin duge phu thude
vao ty 1€ cla tranh va khodng cdch i di€m nhin tdi tranh. Khoing céch (d,) nay cé
thé ra chon y y. D€ xem xét do béng phing thi gidc clia mdt doan tuyén dugc néu

ra dudi ddy va & cdc bang cudi chuong nay thi hinh chi€u phdi canh duge dung vdi ty
1€ 1/100, khoédng cich tir diém nhin t6i mit phﬁng tranh 12 100m.

Dudi ddy danh gid d6 bang phing thi gidc trong cdc rudng hop cu thé:

5.4.1. Trudng hop doan dudng la du‘o’ng thing - thing trén binh dé (bS tri duang
cong trén trdc doc)

Bién dang thi gidc clia nén dudng thuding quan sat thay & cdc vi tri 16m clia trdc doc
trén dudng cong ditng 16m (hinh 5.14).

//
— /HK \\\\

Hinh 5.14

Boan dudng nhy dudi day duge coi 12 biing phing thi gidc: g6c hoi tu B clla mép
dudng dao dong trong khodng nr 110-165°, phu thugce vao dé ddc doc cda cdc doan két
hgp. Trén hinh chi€u phéi canh, chd 16m cha nén duding duge bs tri cdch dau duding
cong mot khoang biang 1/4 chiéu dai cia né. P 1éch cia mép mat duding rén dudsng
cong difng f tif dinh gdc B vigt tri s6 4mm (f > 4mm), doan dudng dugc coi ia dat do
bing phing vé mat thi gidc.
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5.4.2. Trudng hgp doan dudng la dudng cong - thiing trén binh dd (bd tri dudng
cong nim trén binh d6)

Cac doan thing — thing clia mép mit dudng tao thanh dudng cong thang &
binh dd, hoi tu dudi cac géc nhon khic nhau.
Panh gi4 do biing phing qua do 1&ch f trén binh d6 nhy sau:
- Khi f >10 mm: doan tuyé&n dat dudc bing phidng thi gidc (hinh 5.15a);
-4 mm < f < 10 mm tuy€n hdi bi gay;

- f< 4 mm: doan tuyén bi gy (hinh 5.15b).

Hinh 5.15

Ta c6 thé dénh gid do bing phing thi gidc bing cdch ta c6 th€ tham khdo &
bang sau:

Bang 5.4
Khodng cich P0 phén cy thi gidc thyc (&, P = Lf (m)
, (m) Ngoit déu din Ngoit ddng ké Tao thanh giy 16m
(cyly t6idinh) | (Pudng cong déu) (Pudng cong gip) (dudng cong gay khiic)
550 5,5 va 16n hon 2,2-55 <22
500 5,0 va 16n hon 2,0-50 <20
300 3,0 va 16n hon 1,2-3,0 <1,2
250 2,5 va 16n hon 1,0-2,5 ' <10
200 2,0 va 16n hdn 0,8-2,0 <0,8

5.4.3. Trudng hgp doan dudng la dudng cong — thdng trén binh dé va tric doc
(b3 tri k&t hgp dudng cong difng va dudng cong bing)

Po biing phing thi gidc trong cdc doan loai nay dugc xdc dinh bing cdc dic trung
ctia tric doc, cu thé:
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a) Dudng cong 16 két hop vai ditong cong nim
Quan sdt thiy riing: 1ai xe bdt diu thu nhin mép mit dudng nhy moét dudng cong
thing & binh d& khong phéi tit dau dudng cong ma tr mot diém nao dé. Tri s6 dich

chuyén ciia diém nay tit dau dudng cong dugc xéc dinh bing khodng cdch tir ldi xe
dén dudng cong.

B6 nét cla thi gidc thu nhan hudng dudng trén doan nay dugc dim bio khi

f > 4mm.

b) Dogn cong thing ciia dwiing mi tric doc ctia ching li dutiimg cong ditng Iom

Poan dudng ma dudng cong trén binh dd triing véi duting cong ditng 16m trén tric
doc dugc coi 1a bing phing quang hoc néu:

- Truc duting cong phdi cdnh khong ¢6 di€ém udn va diém dic biét khac:

- D6 sai 1éch f clia mép mit duding tai vi trf ngodt cla tuy&n va db 16m clia réc doc
¢6 tri 8 cao hon cdc tri s6 ghi trong bang 5.4.

Ghi chd: Céc tri s6 gidi han B va f néu & wén dung dé lap trinh phdi cidnh vdi
khodng céch tir mit ngudi 14i xe t6i mit phing chidu d, = 100m.

5.5. SUA CHUA PE PAT PUGC PO BANG PHANG QUANG HOC CUA POAN
TUYEN TREN HINH CHIEU PHOI CANH
5.5.1. Cac phuong phap sifa chifa
Sau khi dung ducce hinh chi€u phdi cdnh cia doan duting phic tap ta d& dang nh4n
ra nhifng vi tri khdng binh thudng
trén tuy€n nhu tai cic diém uén lam

tuyén bi gdy khong déu din, nhimg
chd bi bi€n dang, nhitng diém “dac
biét” nay s&€ lam cho truc dudng
trong hinh phé&i canh khéng déu dan.
Vi du nhu trén hinh (5.16) thi tai hai
diém A vi B trén truc dudng tuyén

bi gy (bi 16m xudng vi 13i 1én).

D& chinh sita cho tuy&n dat dugc
d6 déu dan quang hoc ta cin nghién

cifu tim hi€u nguyén nhan cu thé, t
dS dua ra giai phdp hiéu chinh cho Hinh 5.16
phi hgp véi diéu kién dia hinh.
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Vi du: Néu tuyén bi gay do binh db ta ¢6 thé ting bdn kinh ditong cong nam hodc
dich chuyén sang vi tri bén canh n&u dia hinh cho phép. Né&u bj gdy iom ta co thé nang
cao d6 tai diém bi giy va cic diém xung quanh véi diéu kién khong ting khdi hugng
cong tdc qua miic Anh hudng dén gid thanh xdy dyng; Hoac ciing c6 thé chinh sita phoi
hop c4 & binh db va tric doc cda doan tuyén.

Tém lai, cé thé chinh siva doan tuy€n theo ba phucng phép:

+ Sia chita trén tric doc;
+ Stra chita trén binh dd;
+ Sta chifa ca tric doc 14n binh db.

D& d& dang cho viéc chinh sita ta tang tj 1€ diing 1én gdp bon lan ty 1& ngang nham
d& nhin ra cdc di€m giy sau d6 ti€n hanh chinh sia nhu sau:

Trudc tién, difa vao truc dudng khong déu dan trén hinh phdi cdnh ta sifa lai d€ o
nén truc dudng mdi d3 duge hidu chinh mét cach tron chu (khdng ¢6 chd 161, 1om...);
Truc ditng méi dugc thé hién bing nét dit trén hinh 5.16.

a) Sita trén trdc doc

Bling cdch ddy cdc coc tif tryc dudng cb (thé hién bing nét lién) 1én truc dudng mdi
(duting nét dtt) song song vdi truc thing ding dé cé cdc coc twdng tng (xem hinh 5.17a).

T e — ———

’-' -~
i Az e

a) b) ¢
Hinh 5.17
Gia s6 diéu chinh theo tric doc tai coc thit i 1a AZ! chinh 12 tri s6 diéu chinh trén mat
phéng 4nh. Tri s6 d6 dich chuyén thuc twén trdc doc AZ! dudc xéc dinh theo cong thifc:

1
AZ. = AZ; X,

5.6
B (5.6)

ol

b) Stta chita trén binh dé

Ciing c4ch lam nhw trén, nhung ta dich cc coc sang ngang (song song vdi truc hoanh)
dé€ ¢6 cac coc tuong (ng trén truc dudng mdi da dugce hiéu chinh (xem hinh 5.17b).

Gia s6 diéu chinh theo binh dé tai coc thiti 1a AY! chinh 1 tri s6 di€u chinh binh d6
trén mat phing anh. Tri s8 d6 dich chuyén thyc t€ trén binh dd AY, dudc xédc dinh
theo cOng thic:
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!
AY, = AY; .x,
d.

L&)

(53.7)

Trong d6:  d.i— khodng cdch tir diém nhin dén mat phing dnh;
Xi — khodng cdch tlr diém nhin dén coc thit i.

c) Phoi hop sita chita cé trén tric doc vi trén binh db

Dich cdc coc theo cic toa dd thﬁng difng va nim ngang (hinh 5.17c). Coc thif i ¢6
toa do trén mat phing 4nh bling A}. Tri s§ A dugc xdc dinh bling cdch tit vi tri cdc
coc 1 duge dich chuyén va dinh vi trén truc dudng méi. Ta do khodng cich truc ti€p
trén hinh phdi cdnh trén mdy tinh va d6 dich chuyén thuc ciia coc i ciing duge xdc dinh
tuong ty bing cong thic:

A :A:.xi

8
iy (5.8)

ol
P& trdnh nhiam 14n va thuin 1¢i khi dyng hinh ta nén 1ap bang s3 liéu nhu trong
bang 5.5.

Béng 5.5
Z(Y)),cm Z,(Y). m _ i Cao d6 (m)
N° coc Hiéu s6
; . Di hié
Chuasia | Pdsita | Chuastta | Da sita (m) Chu‘zt hiCu a . ~u
chinh chinh
(1) (2) 3) 4) (3) (6) (7) (8)
5.5.2. Cac vidu

Dung hinh chi€u phdi ¢dnh va sita chita dé bao dam dd bing phing quang hoc ctia
doan tuyé€n trong céc trudng hop sau:

Vidu 1.

- Duding 6t6 cdp I: S& lan xe: 6; bé rong mdi lan: 3,5m; bé rong dai phin cach:
1,5m; bé rong 18: 3m.

- Trén tric ngang, diém nhin c4ch mép phan xe chay 1,65m.

Trén hinh 5.18 12 binh d6 va tric doc cla tuyén trong truding hop thit nhit. Toa do
cdc di€m trén hinh chi€u phdi canh trude khi sifa chita dige ghi trong bing 5.6 va sau
khi stta chita ghi trong bang 5.7.

Trén hinh 5.19 {2 hinh chi€u phéi cdnh clia doan tuyén dude dung theo sd liéu chia
bdng 5.6. Sau khi sifa chita toa do theo s8 liéu bang 5.7, ta dung lai hinh chi€n phdi
cdnh clia doan dudng nay thé hién trén hinh 5.20.
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Béang 5.6. Bang ghi toa do cic di€ém hinh chi€u phdi canh trudc khi sia chita (vi du 1)

Khodng cich | H/s diéu | Toa do truc trén Khoa sch
, tr diémnhin | chinh phéi cnh oang cac
TQn Tén KhE)ang
diém | coc cach Y, z y! , 7! ’ Bé;: mép DPén mép
(m) (m) d/Xi (crln) (cr]n) phanxe | a) (cm)
chay (cm)
1 2 3 4 5 6 7 8 9 10
0 Cco 0 9.6 -1,2
| Cl 50 -9.6 -2,2 2 -19,2 -4.4 21 27
2 C2 100 -9.6 -32 1 -9,6 -3.2 10,5 13,5
3 ™ 172 -9.,6 -4,64 0,581 -5,58 -2,7 6,1 7,85
4 C3 200 -9,75 -5,2 0,5 -4.88 -2,6 5,25 6,75
5 C4 237 -10,33 | -594 0,422 -4,44 -2,51 4,43 5,7
6 C5 337 -16,04 | -7,94 0,297 -4,76 -2,36 3,12 4,01
7 cé 437 -26,45 | -9.94 0,229 -6,05 -2,27 2.4 3.09
8 C7 537 41,76 -71.94 0,186 -7,78 -1,48 1,96 2,51
9 C8 637 -61,91 | -394 0,157 -9,72 -0,93 1,65 2,12
10 C9 674 -70.59( -5.2 0,148 -10,47 -7 1,56 2
11 TC 702 -77.67 | -4,64 0,142 -11,06 | -0,66 1,5 1,92
12 Cl10 737 -86,73 ] -3,94 0,136 -11,77 | -0,53 1.42 1,83
Bdng 5.7. Bang két qua hiéu chinh cao dj (vidu 1)
biém | Tén Z! , (cm) Z; (m) Hié:u Cao dd (m)
“°"chua | Hico | Pa | Chua | Pa | () | Chuahiu | D hien
sira chinh stra stra slra chinh chinh
1 2 3 4 5 6 7 8 9 10
1 Cl -4.4 -2,93 -7,33 -2,2 -3,67 | -147 105,74 104,28
2 C2 -3,2 -2.94 -5,69 -3,2 -5,69 | -2,49 104,74 102,25
3 e -2,7 -1,57 427 | -4,64 -7.34 | -2,7 103,3 100.6
4 C3 -2,6 -1,2 -3,8 -5,2 -7.6 24 102,74 100,34
5 C4 -2,51 -0,85 -3,36 1 =594 | -795 | -2,01 102 99,99
6 C5 -2,36 0,03 233 | 794 | -7.84 0,1 100 100,1
7 C6 -2,27 0.44 -1.83 | -9.94 -8,02 1,92 98 99,92
8 C7 -1,48 0,2 -1,28 | -7.94 -6,87 1,07 100 101,07
9 C8 -0,93 0,02 -0,91 -5,94 -5,81 0,13 102 102,13
10 C9 -0,7 0 -0,77 -5,2 -5,2 0 102,74 102,74
1 | TC | -066 0 0,66 | -464 | -464 | 0O 1033 1033
12 C10 | -0,53 0 053 | -394 | -394 0 104 104
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Vidu 2:

- Buting 616 cap 1I: 88 lan xe : 2; bé rong mdi Jan: 3,5m; bé rong 1&: 3m.

- Chiéu cao mit: chon 1,2m d6i vdi xe con.

- Trén tric ngang, di€m nhin cach mép phdn xe chay 1,75m.

- Tia nhin: do duting ¢6 dd ddc nho nén tia nhin nim ngang.

Binh d6 va trdc doc thé hién trén hinh 5.21. Toa d6 cdc diém hinh chigu phdi canh

trude khi sifa chifa ghi trong bang 5.8 va sau khi sita chita ghi trong bing 5.9.

Trén hinh 5.22 ta hinh chi&u phéi cdnh cla doan tuyén duge dung theo s6 lidu ghi
trong bing 5.8 va sau khi hi€u chinh theo s& liéu cla bdng 5.9, ta dung hinh chi€u
phdi cdnh doan tuyén hinh 5.23.

Bdng 5.8. Bang ghi toa d) cdc diém hinh chi€u phdi cidnh trude khi sita chita (vi du 2)

Khoang cdch |H/s diéu| Toa d6 truc trén Khoane cich
i di€m nhin | chinh phéi cinh ane
Tén | Tén | Khodng
di€ém | coc | cich Dén mép DEN mé
Y(m) | Z(m) | d/X; |Y, (cm)|Z] (cm)| phinxe | o CP
nén {cm)
chay (cm)
1 2 3 4 5 6 7 8 g 10
0 Co 0 -1,75 -1,2
1 Cl 50 -1,75 -2.2 2 -35 -4.4 21 13
2 C2 100 -1,75 | -3.2 1 -1,75 -3,2 35 6,5
3 TP 172 -1,75 | -4,64 | 0,381 -1,02 -2,7 2,03 3,78
4 c3 200 -1,9 -5.2 0,5 -0,95 -2,6 1,75 3,25
5 C4 237 -2.68 | -594 | 0,422 | -1,13 -2,51 1,48 2,74
6 C5 337 -8,2 -7,94 | 0,297 -2.43 -2,36 1,04 1,93
7 C6 437 -186 1-994 | 0229 | -4,26 -2,27 0,8 1.49
8 C7 537 -339 | -794 | 0,186 -6,31 -1,48 0,65 1,21
9 C8 637 -54,06 | -594 | 0,157 | -8,49 -0,93 0,35 1,02
10 | C9 674 -62,74 | -5,2 | 0,148 | -9,31 -0,7 0,52 0,96
i1 | TC 702 -69,82 1 -464 | 0,142 | -9,35 -0,66 0,5 0,93
12 | Clo| 737 -78,88 | -3,94 | 0,136 | -10,7 -0,53 0,47 0,88
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Bang 5.9. Bang k&t qua hiéu chinh cao 46 (vidu 2)

Z;, (cm) Zi, (m) _ Cao o (m)

e . Hiéu

bigm |Téncocl opye | Higu | Pa | Chua | Bi | g (m) [Chua hicu| D3 higu

sifa chinh sifa sira sita chinh chinh

1 2 3 4 6 8 9 10
1 CI 4.4 09 | -5321 22 | -266 | -046 | 10574 | 10528
2 C2 32 096 | -416 | 32 | -4,16 | -0,96 | 104,74 | 103,78
3 ™ | -27 061 | 331 | -464 | 569 | -1,05 | 1033 | 102,25
4 C3 2,6 043 | 303 | 52 | -606 | -0,86 | 102,74 | 101,88
5 ca | 251 | -014 | 265 | -594 | -626 | 033 | 102 | 101,67
6 cs | 236 | 017 | -219 | 794 | 737 | 057 | 100 | 100,57
7 c6 | -2.27 05 | -177 ] -994 | =776 | 2,19 98 | 100,19
8 c7 | -148 | 012 |-136| -794 | -73 | 064 | 100 | 100,64
9 c8 | -093 0 093 | 594 | 594 0 102 102
10 | €9 -0,7 0 0771 52 | 52| 0 | 102,74 | 102,74
11 | TC | -066 0 0,66 | -464 | -464 | 0 1033 | 1033
12 | CI0 | -053 0 053 | -394 | 39| 0 104 104

R4 rang, biing phudng phép dyng hinh chi€u phéi canh, ta d& dang sia chifa ting
doan tuyén d€ cé dang déu dian quang hoc nhu di trinh bay trén hinh 5.20 va hinh 5.22
cho ¢4 hai trudng hop nén vi mit dudng c6 bé rong khdc nhau.
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Chuong 6

CAC TIEU CHUAN AN TOAN (SAFETY CRITERIA)
PANH GIA CHAT LUONG PO AN THIET KE DPUONG O TO

Ngay nay, an toan giao théng trd thanh mot muc tiéu hét sic quan trong va dugc
quan tam dac biét khi thi€t k& xay dung mdi hay cdi tao ning cap dudng 616 ciling nhu
qudn ly, khai thdc cdc tuyén dudng hién hitu,

C6 rat nhi€u cong trinh nghién cifu ciia nhiéu tdc gid & cdc nude khdc nhau nhu:
CHLB bic, My, Canada, Nga, Thuy Pién, Thuy Si, Anh, Phap, Hy Lap, Hungari ... vé
an toan giao thdéng duding 6.

D6 la cdc cOng trinh nghién cifu cia cdc tdc gia § cdc nude:

- CHLB bic: Pfundt K., Krebs H.G., Kloeckner J.H, Bitzl E., Knoflacher H., Dilling
J., Koeppel G., H.Bock, Durth W., B.Biedermann, B.Vieth, N. Damianoff, Leutzbach
W., J. Zoellmer ...

- CHLB Nga: V.F. Bakcov, A. Vasiliev, V.V. Xilianov ...

- M¥: Baldwin D.M, Raff T., Lamn R., E.M. Choueri ...

- Anh: Cobum T.M., O’Flaherty, ...

- Phdp: Brenac T, ...

- Thuy Si: Spacek, ...

- Canada: Wilson F.R, ...

- Thuy Pién: Rumar K., ...

- Hungari: Balogh T., ...

Trong d6 da nghién citu rat chi tét theo nhi€u thong s& khac nhau ciing nhitng quan
h¢ giita cdc thong s6 nay nhu: Van t5c thiét k& V4 (Design Speed), van toc khai thic
ing vdi suit bio dim 85% trén dudng (V8S), 6 lugng tai nan giao thdng ng vdi hé
sO tai nan giao thong AR (Accident Rate) 13 s8 tai nan trén 1 triéu xe — km hanh trinh;
mat do tai nan AD (Accident Density) 13 s tai nan xdy ra trén 1 km trong 1 nim; mic
dd ton that tinh bing tién do tai nan giao thong gay ra trén 1 km dudng trong 1 nim
(ACD - Accident Cost Rate).

Doi vdi cdc dudng cong néim thi€t k& duge danh gid bling: hé s8 thay di do ngoat
clia duting cong CCRs (Curvature Change Rate ) cing quan hé gilta cdc dudng cong
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thiét k& ké lién thong qua ACCR = CCR,; - CCRyjy1 , quan hé giffa tirng duding cong
riéng biét véi tri s thay déi do cong toan tuyén CCR, , dd cong ciia tuyén DC

(Degree of Curve).

Van dé bio ddm n dinh ddng htc cho xe chay an todn trén duding cong ciing dugce
nghién citu thdong qua khio sat hé s6 Iyc ngang xuit hién khi xe chay trén dudng cong
¢6 bo tri siéu cao véi tde dd khai thic V85 (fra — Side friction Demanded) chénh léch
so vdi hé s8 luc ngang thi€t k& (fxa — Side friction Assumed).

Nam 1982, l1an dau tién cudn “S4 tay an toan giao théng” dugc xuat bin tai thi do
Osid (Na-uy), sau dé duge dich ra ti€ng phin Lan, tiéng Nga (2001), tiéng Anh ... trong
d6 da dé ra 124 bién phdp hiéu qua nhi't d€ ning cao an toan giao thdng cho xe chay
trén dudng.

O nutde ta, mot Uy ban an toan giao thong qudc gia da duge thanh lap va hoat dong
trong nhi€u nim nay.

Tir nhitng k&t qua nghién citu trén nhiéu tuyén dudng thudc nhém A va B ¢d hai lan
xe, toc do thiét k& Vg4 = 80 + 120(kmv/h) trong nhiéu nim v&i sut tham gia cda nhiéu
nhi nghién cttu va cdc chuyén gia diu nganh & nhiéu nude ngudi ta d4 dua ra 3 tiéu
chuin vé an toan dusi day dé danh gid chat lugng clia mot db 4n thigt k& mdi hay cdi
tao mdt tuyén dudng hién hitu. Do 1a:

- Tiéu chudn an todn thit nhdr: Bao ddm cho dd 4n thidt k€ dat duge chit lugng tot.

- Tiéu chudn an toan thit hai: Bdo dam dat dugce tSc do khai thac mong mudn véi
suit bao ddm 85%.

- Tiéu chudn an toan thit ba: Bdo dam an toan vé mit 6n dinh dong hoc cda 6t6 khi
la1 xe.

Sau diy, ta s& nghién cttu chi ti€t cdc théng s6 chinh phyc vu cho viée xdy dung 3
tiéu chuin trén.

6.1. HE SO THAY pOI PO NGOAT CUA PUUNG CONG CCRg (CURVATURE
CHANGE RATE)

Tai mdi mot dudng cong hé s6 thay d8i d6 ngoit CCR, dudc xc dinh nhu sau:
6.1.1. P5i véi dudng tron don cé ban kinh R va chiéu dai du¥ng cong K (xem
hinh 6.1)
K

= x63,7x10°

CCRszRT , gon/km 6.1)
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Trong dé:
K K
Goc ngoit y|=-—=— x 63,7gon 6.2
goiit Jy| R TR g (6.2)

(gon — 1a don vi do géc trong hé bach phéin, dudc
sif dung phd bi€n & cdc nude chau Au. Trong hé
bach phéan, mét vdong won duge chia thanh 400gon

(thay vi 360° hay 2z rad), lgon = 0,9° hay
0

00)’
s

63, 7gon = &

K — chiéu dai dudng cong, m;

6.1.2. Trudng h¢p tong guat Hinh 6.1

Khi ¢6 3 duding cong bat ky ¢6 chiéu dai Ly, L,
L3 k€t hdp lién ti€p v6i nhau tng v3i cdc gée ngoit @1, P2, ©3 va goc ngodt chung 1
v thi hé s CCR, dugc x4c dinh theo cong thife (xem hinh 6.2).

Hinh 6.2
CCR, = M , gon/km (6.3)
\ .6
Hay  CCR, = Llorl+lo: +|L‘P3H 5700 (6.3a)

ViiL=L +L,+L, m

6.1.3. Trudng hop phdi hgp dudng cong tron cé ban kinh R véi hai duding cong
clothoid khong d6i xitng cé cic thong s¢ A va A,
T hinh 6.3, cho thay
L, K L,
—Ly—y

—= 6.4
2R R 2R (©4)

[v|]=
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(;—I'{Jr% ;R)Gm 10°
CCR. = s /km 6.5
5 (L +K+L,) (gon/km) (6.5)

Trong dé: K ,L;,L; — chiéu dai dudng cong tron va hai dudng clothoid, m .

Hinh 6.3

6.1.4. Trudng hgp duvng cong phdi h¢p 3 ban kinh Ry, Rz, R3(xem hinh 6.4)

Hinh 6.4
Ta ¢é
[E I; Ky ]637 x10?
CCRg =12 3 , gon/km; (6.6)
(K, +K, +K;)
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Trong d6: Ry, Ry, R; - Bdn kinh cla 3 dudng cong lién tiép, m;

¥

K, Kz, K3 - Chi€u dai cita 3 dubing cong twong itng, m.

6.1.5. Trudng hyp hai duwdng cong tron (R, > R,) phdi hgp niim giita hai dudng
cong clothoid & hai diu va mdt duong cong clotheid chém & gitra (xem hinh 6.5)
Khi dé:

2 2
K') 2
Y= L, +£+A_Ez_iﬁ?+_i+ L, (6.7)
2R, R, 2R; 2R? R, 2R,
Va:

LT -K—1—+é52-—A—Ej-+&+—!1 63,7x10°
2R, R, 2R} 2R? R, 2R,

CCR,. ="
S (L,+K1+LE+K2+L2)

, gon/km 6.8)

Hinh 6.5

Trong d6: Ay, Ag, A, — thong s6 clia duding cong clothoid & hai diu va & giita m;
L1, Ly, Lg - chiéu dai ciia dudng cong chuyén tiép & hai ddu va giifa, m.
6.1.6, Trudng hgp trén cdc doan thz"mg

Do R =x nén
CCR; = 0 (gon/km)

6.2. PO CONG DC ( DEGREE OF CURVE)

Hé s0 thay d8i do ngoit cha dudng cong CCR, Ia thong s& thi€t k& dura ra 3 CHLB
bic. Tai My thong s duge dé nghi la do cong DC xacdinh bing cong thifc sau:

143



Q ~
DC, = 360° _5729,6 ( Do ] (6.9)
2nR R 100ft
Hay:
DC =63’l:00 , {gon/km) (6.10)

Trong do: R — ban kinh dudng cong (ft hay m)

[gjs.%,?
Tit: CCR =2
L

L = K/10600, (km) ta dugc:

CCR = @,(gon/km) vdi R tinh biing mét, ta ¢6 thé chuyén ddi hay tim s tuong

J(gon/km) v6i K chiéu dai dudng cong tron (m) va

quan ciia hai hé s& nay theo cic biéu thifc sau:

DC,, (E}:Bﬁ,s = CCR, [@J; (6.11)
100ft km
Hay:
DCm( bo ]xll,lazcms(ﬂ]; (6.12)
100m km

(1ft = 0,3084m)

6.3. XAC PINH TOC PO KHAI THAC VGISUAT BAO DAM 85% (Vqs)

biéu tra kh3o sit trén nhiéu tuyén dudng dang st dung & cdc nudc di dua ra cdc
cong thifc thuc nghiém thé hién ma&i quan hé giffa toc d6 khai thic Vs vdi cdc thong
s0 nhu CCR,, DC nh sau:

6
- CHLB Pic: Vg5 = 10 (6.13)
8270 +8,01CCR

vdi tdc d6 gidi han 1a 100km/h.

- My (New York): Vgs=93,85- 1,82DC (6.14a)
hay: Vis = 93,85 - 0,05CCR, (6.14b)
vdi 8¢ d6 gidi han 13 90 km/h

1 +346.(CCRg /63,700)'*
vdi 8¢ do gidi han 12 90km/h.
- Australia: Vg5 =101,2 -1,56DC (6.16a)
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hay: Vs =101,2-0,043CCR, (6.16b)
vdi tdc¢ do gidi han 12 90 km/h,

- Canada: Vi, = e(+561-5.86.107DC) (6.172)
hay: Vs = 6(4,561—5,27.]0"4 DC) (6.17b)
vdi téc d6 gidi han bing 90 km/h.

6.4. CONG THUC XAC PINH HE SO LUC NGANG THIET KE (f,) VA HE $O
LUC NGANG YEU CAU (fgp)
Heé s8 luc ngang chinh 1a lye ngang don vi (f = é) (nhiéu tai liéu c6 ki higu Ia p)

phdt sinh khi xe di vio duding cong ¢6 bé tri siéu cao va duge xdc dinh theo ¢ong thitc
da quen thudc trong cdc gido trinh thiét k€ duding 6t6 nhu sau:

- Hé s6 luc ngang thiét ké:

V2
f,, =—9 _j 6.18
RAT1I27R (6.18)
Trong do: V: t3c do thi€t k€ ( Design Speed), km/h;
- Hé s6 hye ngang tudng ting vdi toc do khai thac Vs
V2
fpp = —22——1i 6.19
RP 7 107R (©.19)

Hi¢u 53 clia hai hé $6 Iyc ngang nay (Af = fga - fpa) bi€u thi mic do én dinh dong
hoc bao ddm an toan cho xe chay khi vio dudng cong.

6.5. THIET LAP CAC TIEU CHUAN AN TOAN (SAFETY CRITERIA)

MGt tiéu chudin quan trong vé an toin giao théng cin dude xem xét khi thidt k& mdi
hay cdi tao dudng cii 1a phai thiét k& sao cho bido didm dugc syt phit hop gitta to¢ dd
khai théc va toc do thi€t ké. Nghia 13, bdo ddm sy chénh léch giita t6c do khai théc vdi
sudt bdo ddm 85% va t6c do thigt k& |Vis — V| c6 tri 58 khong 16n, chénh léch tc 6

nay cang nhd d6 an thi€t k& cang dugc ddnh gid tot.
Cu thé la:
- Khi [Vgs — V| <10km/h thi d6 4n thi€t k& dat chat lugng t;
" Khi |Vgs — V| < 20kmvh d6 dn & muitc d6 chdp nhan dudc.

Con khi [Vgs = V| > 20kmvh thi chat lugng thi€t k& cla dd 4n duge danh gid 1 kém.
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Khi thi€t k& binh d8, cdc dudng cong thi€t k€ riéng biét cin phai duge xem xét moi
tuong quan giita cdc duong cong k& kién thong qua higu s6 hé sd thay ddi dd ngoat
cla cdc dutng cong ACCR = |(:CR$-I -CCR,,,|cling nhv twong quan gilta mdi dudng

cong riéng biét véi tri s trung binh CCR,cda toan tuyén thong qua hidu 0
CCR, —CCR,|. Céc hi¢u s3 nay cang nhd thi binh db tyén dude thi€t k€ cang ¢6
chat lugng L.

Trong khi xét an toan giao thong thi mdt trong nhitng vi tri thudng hay xay ra tai
nan giao thong (goi la nhitng diém den) 1 nhitng duding cong ¢ thi€t k€ siéu cao chua
dat yéu ciu, khié€n cho xe di vao duGng cong mat 6n dinh ddng hoc do bi trugt ngang.
Diéu nay xay ra khi xe chay véi toc do khai thic (Vys) xuat hién luc ngang khéc bift
so v6i lyc ngang thiét k& khi&n cho su chénh 1éch hé s8 lyc ngang (fra-frp) €O il 50
16n. Nguyén nhan x4y ra tai nan do 6t6 mat 8n dinh trugt ngang nay thutng cdc ¢dn bd
quan 1y duding bd & nudc ta hau nhu chifa xét d€n nén dua ra k&t ludn “tai nan chua rd
nguyén nhan”.

Nhitng nghién cttu cho thdy khong chdp nhin khi thiét k& dudng cong nim ¢6
Af < -0.04 va dd dn thi€t k& chi duge chap nhin khi hiéu s hé s6 luc ngang pam trong
pham vi —0,04 < fga - frp < +0,01 dOng thoi hé sd CCR,; phdi nhd hon hodc bing 360
gon/km. Ciing nhut vy, chip nhan cdc d8 4n thi€t k& khi hiéu s§ |CCR, —CCR,

hay |CCR,, ~ CCR ;.| phdi khong vugt qud tri s6 360 gon/km.

T4t ca nhitng phén tich rén cho phép thi€t ldp ba tiéu chuin an toan giao thong cu
thé nhuf sau:

Bang 6.1

Phin loai 46 4n (hiét k&

Cic thong s6

Tot Chi’p nhin dudc X4u, kém
1- Tiéu chudn an toan thé nhdt
a)|Vgs; — V4| < 10 km/h > 10km/h va <20 km/h > 20km/h

b)|CCR,; ~ CCR,

< 180 gon/km > 180gon/km va < 360gon/km > 360 gon/km

2-Tiéu chudn an toan thit hai

a)|Vas: = Vasia < 10 km/h > 10km/h va < 20 km/h > 20km/h

b) iCCRS-I - CCRSM‘ < 180 gon/km > 180gon/km va < 360gon/km > 360 gon/km

3-Tizu chudn an toan thit ba
a) CCRy; < 180 gon/km > 180gon/km va < 360gon/km > 360gon/km
b} fra- frp =+ 0,01 =- 0,04 va <+ 0,01 <-0,04
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Cdc 56 ligu ghi trong bang 6.1 cho thdy: Ca ba tiéu chudn déu 14y ciing cic tri s&
gidi han vé hiu s§ |Vgs; —V,4| va cic tiéu chuin CCRy, |CCR, -CCR

si+l|?

CCR —CCRSI déu c6 cuing nhitng tri s6 gidi han tng véi céc trudng hdp thiét ké tot,

chap nhin dugc va xau, kém.

Buc
Tir tiéu chuin an toan thd nhat va :ggg T 11
. o A ) i /
ti€u chuan an toan thi hai dugc / / /7
nghién ciu, cdc nude da xdy dung 'S 17
2 e R Y P 1/
do thi d€ hd tr¢ cho ngudi thiét ké = AV 7
s e bk I 1T
dudng 6td lwa chon ban kinh hgp ly = % 4 // N P
. N . v, a0
clia cdc dudng cong tron duge bd tri & L s
. 300 1 -
[y = a -~ ~ oy - > / ’/
li€n ti€p trén binh do tuyén. % A
DuGi day la cdc db thi duge lap % 7
clia CHLB Bic (xem hinh 6.6); ciia e il
. Vd
My (xem hinh 6.7), cia Uc (xem 100 F
hinh 6.8), va ctia Canada (xem hinh 70
R S 70 100 200 300 4 5 678910 151800
6.9) dé ban doc tham khdo va van R[m]
dung khi thi€t k& binh dé cho phi
hop véi didu kién dia hinh va cip _ Hinké.c: o
N . 2 IV I —vang “thiét ké tot”; Il — vang “chdp nhdn
dudng theo ti€u chuan thiét ké duoc” 11l - viing “thict k& xdu”
dudng 6t6 cua Viét Nam.
w
1800 J
1500 / v
/ ,
1000 H— 4
00 i,
700
600 1y ,"
1 %
500
E. 400 it z
(v’ I/
300
// ”/’_
ra T
200 — 7
// i /_____,--—"'""—'
§* "
//
100 11
Fd
70
70 100 200 300 4 5 6 78910 151800
R[m]
Hinh 6.7
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Uc

1800
1500 [ 1] +<
2
1000 | £
% =
700 m / n/ /
600 /
500 7 A
- s
E. 400 7
o l/ 7
300 T
. 0
7 __..-—"f-
200 / Wy —.." _—
Ve | |
7/ 7 111
100 -+
70¥
70 100 200 300 4 5 6 782910 15 1800
Rim]
Hinh 6.8
I — vitng “thiét ké t6t”; Il — viing “chdp nhan dugc”; Il — ving “thiét ké xdu”
Canada
1800
1500
1000
700
600
500
E. 400
id

300

200

100
70
70 100 20 30 4 5 6 78910 151800
Rm]
Hinh 6.9

At AT

I - viing “thiét ké'tot”; 1 - viung “chdp nhdn dugc”; I — viing “thiét ké xau”
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Cdc d6 thi do m&i nudc I4p ra déu & dang hinh vudng d6i xiing qua dudng chéo vdi
bdn kinh duding cong nim thay ddi tir R = 70m dén R = 1800m va chia ra lam ba viing
dé ddnh gi4 chat lugng clia dS 4n thiét k€ bao gdm:

- Vung § giita (vung 1) duge ddnh gid 12 db 4n thi€t k& co chdt lwgng 18t véi ving
nay, ngudi thi€t k€ da lua chon hai ducng cong k€ lién trén binh dd ¢6 béan kinh thod
man cdc diéu kién vé hiéu s& clia cac hé s6 thay ddi do ngoit |CCR ~CCR | <180

gon/km cling nhif bdo ddm quan hé gilfa toc d0 thi€t k& (Vo) va t0c d6 khai thiac (Vys)
chénh nhau khong vugt qua 10km/h. Trén dudng chéo hai dudng vong dude lua chon
bdn kinh ¢6 tri s6 bing nhau (R;= Ry,)).

si+1

- Ving hep kep & gita (viing IT) 1a viing dugc ddnh gid 1a dd 4n thiét k& co thé chap
nhdn dugc. Khi d6 hai bdn kinh cong duge lwa chon cda hai duting vong ké lién bio
dam chénh léch giita 3¢ d§ thi€t k& (Vy) va 8¢ d6 khai théc (Vys) khong vugt qud
10 + 20 km/h, va hi¢u s6 cda cdc hé s& thay ddi d6 ngoit ciia dudng cong niim trong
pham vi 180 + 360 gon/km.

-6 vang ngoat cang (vang L), sy Iwa chon hai bdn kinh dudng vong lién ti€p
dugc ddnh gid xdu bdi tao nén sy chénh &ch 16n giita hai t6c do [Vas = V4| > 20 km/h

va 6 sy bien doi do cong 16n |CCR, - CCR,,| > 360 gon/km,

Khi thi€t k€ n€u lira chon hai ban kinh niim trong viing “chdp nhin dugc” thi theo
cdc k€t qud diéu tra nghién cifu cla cde tdc gid, hé & tai nan sé it nhat cao hon 2=3
lan so vdi viing dat “chat lugng t51”.

Khdo sdt s¢ b cdc dd thi dudgc 14p & bdn nudc khic nhau cho thdy: trong ving
thi€t k& “c6 thé chip nhan duge” néu mot dudng cong nim dudc thi€t k&€ ¢6 bén
kinh thay ddi 1 tri s6 nhd nhat 1a R = 350m dé&n tri sG 16n nhat R = 1800m thi bin
kinh clia dudng cong ndm thit hai lién ké ¢6 thé chon tri s6 nhé hon nhiéu. Cy thé 1a:

e gidi han dudi (R, = 350m) hai bdn kinh ké 1ién chénh nhau khodng gap hon 2
Yin (M¥, Canada, Uc) va gap trén dudi 2 14n (Piic);

- gidi han trén (R, = 1800m) thi chénh léch gilta hai bdn kinh cang 16n: gip
6 + 9 lan (My, Canada, Uc) va gip 4 d&n hon 5 ldn (Puc).

C6 the thdy rd nhén xét rén theo bang thong ké 6.2:

Tir day, ta ¢ thé gidi thich duge vi sao & viing “chdp nhin dugc” hé s& tai nan lai
ting it nhit gap 2 + 3 1in so vdi ving thi€t k& “t5t” 1 do ¢6 thé Iya chon hai trj s bin
kinh thi€t k€ ctia hai dudng cong ké 1ién ¢6 cdc tri s6 chénh léch nhau nhiéu,

Cac tiéu chuin an toan nay s& duge ching ta dp dung dé xem xét chat lugng dd an

thi€'t k& tuyén clothoid trong mdt vi du thiét k& cu the trinh bay & chuong sau (chuong 7).
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Bang 6.2

Tén nubc CHLB Bic My Canada Uc
(R;) 350 . 350 350 350
| | (Ry) | (170+200) | (145+170) | (120+160) (125 +165)
Gidi han dus
(Rpin= 350m) |T§ s0 chénh
léch gilfa | 2,03+ 1,75 | 241+205 | 291+218 | 280+2,12
hai bdn kinh
(R,) 1800 1800 1800 1800
_ (R,,,) | (330+460) | (200+280) | (185+ 260) | (170+240)
Gid1 han trén
(Rmax= 1800m} Ty 58 chénh
lechgiffa | 54439 9,0+6,4 9,7+6,9 10,5:7,5
hai ban kinh
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Chudng 7

VI DU THIET KE TUYEN CLOTHOID
CHO PUONG CAO TOC LIEN KHUGNG - PA LAT

Trong ndi dung cia chudng cudi cling ndy chiing ti dua ra mot vi du minh hoa cu
thé vé thi€t k& binh d& mdt tuyén dudng cao t6c theo phudng phip thiét k& tuyén
clothoid d¢ ban doc tham khdo. D6 1a doan duding cao 18¢ Lién Khuong — Pa Lat
thudc tinh Laim Bong cda nudce ta.

Thue ra doan duding cao t6¢ Lién Khuong — Pa Lat (LK - bBL) di duge mdt ¢ong ty
tr vin thude bd Giao thong Vin tdi thi€t k€ va cho dén co ban da duge xdy dung xong.
Bdi vy, thict k& tuy€n clothoid néu ra dudi diy da dua vio so liéu khio sat, didu tra
sin ¢6 clia modt ¢ quan 1 viin &€ thue hién cho mot yén duding cao (3¢ cu thé va chi

dung dé lam vi du.

7.1. THUYET MINH VE POAN TUYEN VA NHUNG $O LIEU BAN DAU PR
THIFT KE

7.1.1. Gidi thiéu s bo doan tuyé&n Lién Khueng - Pa Lat

Poan tuyén cao tde Lién Khuong — Ba Lat ndi lién sin bay LK d&n DL, thanh phd
du lich ndi tiéng cla nude ta. Pay 12 doan cudi cha tuyén cao tdc Diu Gidy - Pa Lat
nGi lién qude 10 1A tai ngd ba Diu Gidy hién tai vdi khu vie Tay Nguyén v tuyén
duding cao toc nay s¢ dudge xiy dimng hoan chinh trong wong lai khong xa.

Boan yén duge lra chon 1am vi dy thi€t k& 1a doan wr Km210 dén Km218 (va aé
thudn {1, doan nay dude gia dinh 1t Km0 dén Km§).

By la doan tuyén thude huyén Bdc Trong tinh Lim Bdng, gidp ranh vdi Thanh
phd Ba Lat & do cao trung binh tir 800m dén 1200m so vdi mit bién. Pia hinh doc
tuy&n 12 dia hinh ddi ndi. Cao d& dia hinh thay ddi tr 1056,40m dén 1132.5m. C4 biét
¢6 nhitng dogn dia hinh bi chia ¢dt thinh nhiéu khe triing vt mém ndi lién G&p nhau.

Hudng twyén e bin ta bim theo sudn ndi va hudng doc ngang swtdn ndi chi y&u 13 r
trdi qua phii. Doc doan tuy€n ¢6 cdc dién du lich v6i nhiéu <anh dep khic nhy thdc
Pren, k¢ tiép 1a thanh phd du lich Da Lat, véi nhitng danh lam thing cinh ndi tidhg ¢6

khi hdiu on hod, quanh nim médt mé, nhiét d6 trung binh cda khu vue tir 15°C dén 18°C.

151



Tém lai, doan dudng cao td¢ LK-PL duge xay dung ngoai nhitng ¥ nghia quan
trong v& kinh t&, chinh tri ma né con 14 mdt tuy€n dudng phuc vy cho khich du lich
trong va ngodi nude. Do vily, hiéu qua thiét k& va xiy dung doan tuy€n nay phdi dat
¢4 hai yéu ciu vé k¥ thuit vd my thuit; bdo dim cho xe chay an toan, ém thuidn véi
toc dd cao va phdi hgp hai hod véi cdnh guan thién nhién tao cho du khich trong va
ngodi nude mot tAm trang thodi mdi , thich thi va khéng hé mét méi trude khi dit
chin dén thanh phd du lich — thanh phd hoa xinh dep ndi tiéng cla nude nha.

7.1.2. Cap hang k¥ thuét va nhifng tiéu chuin thiét ké

Pudng cao tdc LK-PL dudc thi€t k€ theo quy trinh “Pudng 8td cao toc- yéu cau
thi€t k&€ (TCVN 5729-97). )

Cap hang k¥ thudt thiét k&: Pudng cao t5¢ loai B (Expressway) vdi t8c dd thiét ké
Vi = B0km/h.

Cdc chi tiéu k¥ thuit dugc lya chon theo TCVN 5729-97 nhu sau:

Bang 7.1
STT Cht tidu ky thuit badn v Theo TCVN 5729-97
1 | Vintdc xe chay km/h 80
| 2 |Po déc siéu cao 16n nhat % 7
3 |Bdn kinh dudng cong nim nhé nhit m
Rvii, =7% 240
Rvéi i, = 5% 450
R véii, = 2% 1300
R khéng siéu cao 2000
4 | TAm nhin md1 chiéu m 100
5 |Ban kinh duding cong didng 1&i thidu m
R 16i 3000
R I6m 2000
:i 6 | B0 doc doc 16n nhat (Ién va xudng dic) % 6
! 7 | S lan xe - 4
8 | B¢ rong mot lan m 3,75
9 | B¢ rong nén duding m 23

Ngoii ra khi thi€t k& tuyén clothoid dude thuc hién tuin theo nhitng chi dan da
dugc trinh bay & chudng trudc.

152




Vi du: Khi ndi hai duting cong ngude chiéu (hinh chit S) thi dung hai dudng cong ¢o
cung thong s6 A hode Ay < 1,5A; va R, < 3R,. N&i hai duting cong ciing chiéu phdi
thod man diéu kién 0,5R < A < R,. Chi cho phép udn truc tiép hai duting cong tron khi
Ri= 2R; ..

7.1.3. Cam cic dudng cong clothoid va dudng cong tron

Trong vi du thi€t k€ tuyén clothoid thi dudng cong clothoid dude cim theo toa do
vudng goc ( toa dd Descarte). Toa d6 cia cdc diém trung gian trén dudng cong dudc
xdc dinh theo cdc phuong trinh (cong thite (1.51) va (1.52)) di néu trong chuong [ cu
thé 1a:

g3 g0 g'3
- >+ =~ ~+ ...

40A° 3456A° 599040A"°

83 ST S] i SIS

=— + - ..
Y 6A7 336A% 42240A° 9676800AM

Cu ly gitta cdc diém trung gian thudng 14y bing 10 m.

x=8

Cédc thong s0 clia dudng cong clothoid nhyr théng s& A, chidu dai duding cong
chuyén ti€p L. bdn kinh R, dudng tang phu thém t, toa d6 diém cudi ciia duding cong
{Xa\yy), dudng tang 16n T,, dudng tang nhd Ty, goc ti€p tuyén cha duding cong vdi truc
hoanh B dugc xdc dinh theo so dd hinh 1.11 cing cdc cOng thifc tinh todn gidi tich @i
néu & chudng 1 hodc ¢6 thé rit ra t bang tra (phin phu luc & cudi sach).

bai v6i duoing cong trdn (doan chém tron) & gitta cdc dudng cong clothoid thi chiéu

dai dugc xdc dinh theo cong thitc K = iﬂ%@ nhu da néu trong chuong 1.

Khi cdm duting cong tron thi cur ly gifa c¢dc diém trung gian (/) duge chon ty thude
vao bdn kinh R, cy thé nhu sau:

Néu R = 200-500 m chon {; =10m;
NéuR > 500 m chon /; =20m.

7.2. CAC BUGC THUC HIEN PE THIET KE TUYEN CLOTHOID CHO POAN
PUONG CAO TOC LIEN KHUGNG - DA LAT (KM0 - KMS)

Thi€'t k€ tuy&n clothoid dugce thyc hién trén binh dd 6 1& 1/2000 trong pham vi tir
Km 210 dén Km 218 cita dudng cao t6c Lién Khuong - Pa Lat theo cdc bude sau:

Buoc 1:

K&t hop giita khao sdt trie 1i€p trén thye dia vdi viéc nghién cu doi chifu rén ban
dd dia hinh d€ xdc dinh so b cdc diém khong che.
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Trén doan tuyén nay cac diém khong ché dude xdc dinh 1a tai cdc vi tri ma dia hinh
tudng d6i thodi, & d6 c6 thé cho tuyén thay ddi hudng va c6 thé bd tri dudng cong tron
hay c6 thé k&t hop cdc dudng cong chuyén tiép .

Ti€p theo duva vao dia hinh va dia mao cling nht tinh hinh dia chdt di khdo sdt ta
ding tay vach cdc phuong an tuyé€n thod man nhidu nhat cdc y&u ciu vé phdi hgp
tuyén véi cdnh quan thién nhién, Dang dudng cong udn lugn theo phudng trinh
clothoid trén binh dé clia cdc phudng an phai di qua cdc diém khong ché. Cong viéc
nay trude day duge thic hién biing thude déo nhu da néu nhung hién nay nhd sy hd tg
clla mdy tinh v cdc phin mém thi&t k&€ (Autocad, SoftDesk ...) nén cong doan nay dd
dudc thue hién ngay trén may vi tinh ma khdng cin ding dén thudc déo. Hon nita trén
man hinh may vi tinh ta ¢6 thé d& dang vach ra nhiéu phuong 4n tuy€n dang clothoid
dé€ tuy v Iua chon va hiéu chinh nhim chon dudce phucng dn dudng truc cudi cung.

Sau khi di sd bo dinh duge phuong an dudng truc thiét k& (cé dang gan ding vdi
tuyén clothoid vi di qua céc diém khdng ché (cdn goi 1a di€ém ki€m tra))ta ti€n hanh
vach tuyén theo hai cdch:

Cdch thit nhdr: Tit dang gin diing cda tuyén ta dyng cdc ti€p tuyén vdi cdc dudng
cong, tc 1a cdc duding tang, rdi ding cdc thude khudn miu dp vao d€ quyét dinh lya
chon cdc théng s& va thi€t k€ binh thudng.

Cdch thit hai- Ding cédc thudc khudn miu d4p ngay vao tuyén duding truc so bd da
vach sao cho chd ndi ti€p nhau cda cdc dudng cong phdi ¢6 cing ban kinh nhur da ncu
trén hinh 4.3 cia chuong 4. Sau d6 dung cic dudng tang va xdc dinh sg bd cdc thong
s& cla dudng cong .

Trong hai cdch trén khi &p dung cdch thif nhat 1a tinh todn thudn Igi hon ¢d. Vi nhg
¢6 vach trudc cdc dudng tang k&t hop v6i nghién cifu k¥ dia hinh ma ta ¢6 thé thiét k&€
k&t hop cdc dutng cong theo cdce tri s6 dudng tang da dugc xdc dinh trude.

Bude 2:

Nhiém vu chia budc nay }a sau khi 4p céc thuée khudn miu d€ quyét dinh dang k&t
hgp cdc duding cong va sd bd lwa chon ban kinh cing cdc thong s& cla dudng cong
clothoid sao cho phi hgp vdi hinh dang duding truc cuia tuyén di vach, ta thyc hién
thi€t k€ phdi hgp va tinh todn chi tiét cic y&u 8 cda duting cong. Trong qué trinh tinh
toan va két hdp cac dudng cong duge thuc hién theo cdc truing hgp da trinh bay trong
chuong 4 va phai chi ¥ tudn theo cdc tiéu chuin vé k&€t hgp cic duding cong .

Trén binh dd tuyén clothoid bén canh cdc y€u 10 thi€t k& ( dudng cong tron , dutng
cong clothoid) phai ghi céc tri s8 clia cdc thong s6 A, R, L, v, B ... doc theo tuyén. Dya
vio dudng déng miic trén binh dd xdc dinh cao dd tai céc coc.
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Hign nay do cé cdc phdn mém (Excel, AutoCad, SoftDesk..) nén ngay cd budc 1 va
budc 2 ta déu c6 thé thye hién trén mdy tinh.

Buoc 3:

N1 dung duge thyc hién trong bude 3 1a nghién cttu, xem xét, 4p dung céc nguyén
téc thi€t k& phoi hgp gitta binh dd va trdc doc. Trong d6 da I ¥ phdi hop giita duding
cong ding va duding cong nim khi lira chon ban kinh va vj tri twong h3 giita ching dé
bdo ddm tuyé&n 12 mot dudng cong trung gian déu din, ém thuian vé mit thu ¢cdm thi
gidc, tao cho 14i xe thdy duge hudng di & bAtky vi tri ndo trén tuy&n d€ didu khién xe
chay an toan vdi 8¢ d6 cao.

Buodc 4:

3 giai doan cudi nay thi tuyén di duge thist k& xong, nhung can phai Ita chon céc
doan phiic tap d€ dung hinh chi€u phdi cdnh nhim ki€m tra mitc d6 déu dan cda tuyén
trong khong gian. Can thi€t phai chinh stfa lai nhitng doan chua dat y&u ciu biing céch
slta chifa trén binh do hay trén trdc doc hoidc sifa chita ca binh dd va tric doc, sau d6
dung lai hinh ph6i canh clia doan tuyén da duge sita. C6 thé danh gid dd déu din clia
tuyén tai cic vi tri ¢6 bd tri duding cong niim va dudng cong ditng bling mit thudng
trén hinh phdi canh hodc biing cdc tiéu chuin dudc néu trong chuong 5. Toan bo noi
dung tinh todn va dyng hinh chi€u phdi cdnh cdc doan tuyén cla dudng cao ¢ LK-
PL déu dugc thic hién wrén mdy vi tinh mot cach nhanh chéng nhd cdc phin mém
Excel va AutoCad ...

7.3. CHE TAO BO THUGC KHUON MAU PE CHUAN BI CHO THIET KE
TUYEN CLOTHOID.

Bé thi€t k& yén clothoid cho doan cao 8¢ LK-BL theo tiéu chudn dudng cao toc
loai B (TCVN 5729-97) ta dwa vio cdc tiéu chudn k¥ thuit ghi trong bang 7.1 va theo
diéu kién dja hinh thyc & viing 41 ndi thude huyén Bifc Trong (tinh L) k&t hdp véi
nhirng 131 khuy€&n duge it ra tif kinh nghiém thi€t k€ wyé&n clothoid ciia nudc ngoai ta
chon bin kinh thi€t k& 61 thi€u Ry, = 240m. Cdc tri s8 ban kinh khdc duge Iwa chon
ting dan cang 1dn cang 51, nhung do diéu kién dia hinh han ché nén ban kinh Ién nhit
dude lua chen cling khong vugt qud R = 1500m. Cdc thdng s6 A clia duding cong
Clothoid cling duge tva chon ting din theo tri s8 ting cia bdn kinh va ldn lugt
A =150,250,300,350,400,500,700,800,1000,1100,1200m. Viéc tinh todn cdc toa dd va
lap bdng cling nhv v& cdc dudng cong clothoid ing véi cdc thdng sd A khdc nhau déu
dugc thuc hién trén may vi tinh nhd cdc phan mém Excel va Autocad...

Ciing thyc hién tudng tr ddi vait cac dudng cong tron cé ban kinh tir R = 240 -1500m.
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Sau khi v& xong cdc bd thudc khudn mau clia cic dudng cong clothoid va cdc
dudng cong trén méy tinh ta in ching ra theo ty 1& 1/2000 ( bing ty 1& binh dd tuyé&n)
trén gidy vé rdi diing keo ddn vao bia carton ciing d€ c6 titng thude khudn miu .

Céc s& lidu ghi trén bang 7.2 dua ra modt s8 tinh todn cu thé dé dyng cdc duwdng
cong clothoid Ung v@i cac thong sO A = 150, 250, 300, 350, 400.

Bdng 7.2
Bang tinh cic toa d6 cia dudng cong clothoid ing v4i cdc thong s6 A khdc nhau
Vi théng s6'A = 150
A R AR S=L=A'R Xo Yo
150 60 2,500 375,000 137,045 188,376
150 70 2,143 321,429 188,314 167,476
150 75 2,000 300,000 200,171 149,622
150 100 1,500 225,000 198,143 77,048
150 115 1,304 195,652 181,961 52,676
150 125 1,200 180,000 170,890 41,627
150 150 1,000 150,000 146,293 24,557
150 175 0,857 128,571 126,847 15,592
150 200 0.750 112,500 111,613 10,487
150 225 0,667 100,000 99,507 7,381
150 250 0,600 90,000 89,709 5,388
150 275 0,545 81,818 81,637 4,051
150 300 0,500 75,000 74,883 3,122
150 350 0,429 64,286 64,232 1,967
150 400 0,375 56,250 56,222 1,318
Véi thong s6 A = 250
A R AR S=L=A"R Xo Yo
250 100 2,500 625,000 228,408 313,960
250 115 2,174 543,478 308,360 284,720
250 125 2,000 500,000 333,618 249,370
250 150 1,667 416,667 343,150 167,898
250 175 1,429 357,143 321,705 112,736
250 200 1,250 312,500 293,958 77,900
250 225 1,111 277,778 267,378 55,619
250 250 1,000 250,000 243,822 40,929
250 275 0,909 227,273 223,423 30,925
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Bang 7.2 (ti€p theo)

250 300 0,833 208,333 205,836 23,906
250 350 0,714 178,571 177,413 15,114
250 400 0,625 156,250 155,655 10,145
250 450 0,556 138,889 138,558 7,132
250 500 0,500 125,000 124,805 5,203
250 600 0,417 104,167 104,088 3,012
250) 700 0,357 89,286 89,249 1,898
250 800 0,313 78,125 78,106 1,271
Vi thong s6 A = 300
A R AR S=L=A"R Xa Yo
300 125 2,400 720,000 308,232 374,116
300 150 2,000 600,000 400,342 299,244
300 175 1,714 514,286 413,793 215,616
300 200 1,500 450,000 396,287 154,095
300 225 1,333 400,000 369,530 111,995
300 250) 1,200 360,000 341,780 83,253
300 275 1,091 327,273 315,873 63,290
300 300 1,000 300,000 292,586 49,114
300 350 0,857 257,143 253,694 31,185
300 400 0,750 225,000 223,227 20,975
300 450 0,667 200,000 199,015 14,763
300 500 0,600 180,000 179,418 10,775
300 600 0,500 150,000 149,766 6,243
300 700 0,429 128,571 128,463 3,933
300 800 0,375 112,500 112,444 2,636
300 900 0,333 100,000 99,969 1,851
300 1000 0,300 90,000 89,982 1,350
300 1100 0,273 81,818 81,807 1,014
Vii théng s6 A = 350

A R AR S=L=AYR Xo Yo
350 150 2,333 816,667 383,597 429,318
350 175 2,000 700,000 467,066 349,118
350 200 1,750 612,500 483,632 264,017
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Bang 7.2. (ti€p theo)

350 225 1.556 544,444 469,967 197,654
350 250 1,400 490,000 444,986 149,416
350 275 1,273 445,455 417,108 114,742
350 300 1,167 408,333 389,822 89,611
350 350 1,000 350,000 341,351 57,300
350 400 0,875 306,250 301,792 38,672
350 450 0,778 272,222 269,742 27,267

1350 500 0,700 245,000 243,533 19,923
350 600 0,583 204,167 203,576 11,555
350 700 0,500 175,000 174,727 7,284
350 800 0,438 153,125 152,985 4,882
350 900 0,389 136,111 136,033 3,429
350 1000 0,350 122,500 122,454 2,500
350 1100 0,318 111,364 111,335 1,879

Vi thong 56 A = 400
A R AR S=L=AR X, Yo
400 200 2,000 800,000 533,789 398,992
400 225 1,778 711,111 552,881 312,841
400 250 1,600 640,000 542,795 242,728
400 275 1,455 581,818 519,996 189,333
400 300 1,333 533,333 492,707 149,327
400 350 1,143 457,143 438,027 96,523
400 400 1,000 400,000 390,115 65,486
400 450 0,889 355,556 350,046 46,303
400 500 0,800 320,000 316,739 33,884
400 600 0,667 266,667 265,353 19,684
400 700 0,571 228,571 227,963 12,416
400 800 0,500 200,000 199,688 8.324
400 900 0,444 177.778 177,604 5,849
400 1000 0,400 160,000 159,898 4,265
400 1100 0,364 145,455 145,391 3,205
400 1200 0,333 133,333 133,292 2,469
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Trén hinh 7.1 1 dnh chup mdt s§ trong bd thude khuon miu cdc dudng cong
clothoid va cdc duding cong trdn duge ch€ tao trén bia carton ciing ding dé thiét ké& so
bd tuyén clothoid doan dudng cao tc LK-PL do chiing toi thue hién. Céc thude miu
nay dung dé 4p thit vao phudng dn dudng truc tuyén clothoid dudc phdc hoa Iva chon
ban dau.

Hinh 7.1: B thude khuon mdu
a) Cdc duong cong tron ; b) Cdc duong cong clothoid

7.4. NOI DUNG CHI TIET THIET KE TUYEN CLOTHOID POAN TU KMO PN
KMS8 (TUC KM210 + KM218) CUA PUONG CAO TOC LIEN KHUONG - DA LAT

7.4.1. Thi€t k& s¢ b (thuc hién ndi dung ciia budc 1):
Trinh tv thuc hién nhu sau:

Dura vao khdo sit thuc dia két hgp véi nghién cttu dia hinh trén binh dd ty 1& 1/2000
xdc dinh so bd cdc diém khong ché ¢6 thé.

Phuong dn cudi ciing lia chon dudc 6 diém khdng ché. Tai céc vi tri khdng ché nay
1a nhitng chd chuyén ti€p tit chan dinh ndi nay sang chan dinh ndi k& lién, ¢6 dia hinh
tuong doi thodi, cdc dudng ddng mifc thua hon so vdi cdc ndi khdc va c6 thé chuyén
hudng tuyén. P6 1a cdc di€m khdng ch& nim khodng giita Km0 + Kml, gin gitta
Km1 + Km2, gin cudi Km2, ddu Km4 va diu K (xem hinh 7.2).

Tai squ diém ndy, tuyén s& dudc chuyén erdng bdi sdu géc ngodt y; (i = 1+6) tao
nén bing bdy doan ndi vdi diu tuyé€n Km0) va cudi tuy&n (Kms),
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Tiép theo, si dung phin mém (AutoCad, SoftDesk ..) ma khéng cin dung thudc
cong déo nhu trudc ddy, dé vach trye ti€p rén mdy vi tinh cdc phuong dn dudng cong
tao nén tuyén clothoid di qua cdc diém kiém tra, dm lugn dia hinh. Tuyén dugc quan
tim thudng bam doc theo chin cdc hdm ndi xen k& v khdng phd v3 canh quan xung
quanh, han ché t5i da cdc doan dio sdu, dip cao. Tai cdc chd tuyén di qua hdm nii ¢6
" dd doe 16n va nén dip cao, dé bdo ddm nén dudng vita &n dinh lai vira dat yéu ciu vé
mit m§ thudt di 4p dung tudng chin dit c6 cot bing vai dia k¥ thudt véi mai doc
thing ddng (1:0).

Pudng cong clia phuong an Iya chon cudi ciing duge phdc hoa trén man hinh may
tinh c¢6é dang gan vdi tuyén clothoid chinh 13 binh d6 sd bd clia doan tuyén tir Km0 dén
Km8 cta tuyén LK-PL. Puong cong nay 1a dudng truc ban ddu; ta sé st dung né dé
thi€t k& ti€p va dudc trinh bay trén hinh 7.2.

Sau khi vach duge dudng truc ¢6 dang gin vdi dang tuyén cla clothoid da di qua
sdu diém khong ché (phuodng an chon) trén mdy vi tinh, ta thyc hién ti€p theo cd
hai cach: '

PAiu tién in ra gidy binh dd cla tuyén tryc clothoid da duge lya chon theo ty 1€
1/2000 va sif dung cdc bd thudc khuon miu cdc dudng cong tron va duding cong
clothoid di ché€ tao (xem hinh 7.1) dp vao tuy&n dudng truc dé so bd lya chon dang kél
hdp cédc loai dudng cong trén titng doan tai mdi géc ngoit, ddng thdi sd bd xdc dinh
ban kinh va cac thong s& clia nhitng dudng cong. Thi€t k& so b theo cdch nay thuc
hién hoan toan bing phuong phap thit cdng (Luu ¥ ring, khi ngudi k§ su thi€t k€ tuyén
clothoid ¢6 kinh nghiém thi c6 thé bd qua budc vach tuyén so bd bing phuong phdp
thi céng nay).

Déng thdi, ngay trén man hinh cda mdy vi tinh dua theo dang gin ding cla tuyén
truc thiét k& ta dung cdc dudng tang, tifc 1a cdc dudng ti€p tuy€n vdi cdc dudng cong
nhur d3 trinh bay trén hinh 7.2, sau d6 sif dung cdc phin mém c6 sdn, tai cdc dinh ta dp
cdc béan kinh vio duting truc d€ lira chon tri s6 ban kinh thich hgp. Nh ¢6 céc s0 liéu
vé cdc toa d6, thdng s6 clia mdi loai thudc khuén miu ma ¢dng viéc tinh todn, thi€t k&
nay ¢6 thé thuc hién ngay trén mdy vi tinh dé tit d6 lwa chon duge phudng 4n két hop
vdi cdc théng s& hgp ly cda cdc dudng cong.

Dua vao nghién citu dia hinh cu thé trén binh dd ta quyét dinh duge cich phdi hgp
cic dudng cong dé€ tao nén tuyén clothoid doan tf Km0 — Km8 cta duding cao tdc
[LK-BL nhu sau:

Thyc hién thi€t k& phdi hop cdc dudng cong bit diu tir dinh D1 1an lugt tr dau
tuyén (DT) dén cudi tuyén (CT).
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Tai dinh 1 (D1) ¢6 géc ngodt v = 19°16°16” b8 tri hai dudng cong clothoid doi xing
vdi ban kinh R = 800m.

Tai dinh 2 (D2) ¢6 géc ngoit y» = 52°41°58” bd tri hai dudng cong clothoid khong
ddi xing va ¢6 doan chém trdn ¢6 ban kinh R = 700m. Pau ciia dudng cong chuyén
ti€p 1 thude dinh D2 triing vdi cudi clia dudng cong chuyén ti€p 2 thudc dinh D1 (nifc
TC, =TD3).

Tai dinh 3 (D3) c6 géc ngoat y3 = 19°45°18” bd tri hai dudng cong clothoid khdng
d6i xting véi ban kinh R = 900m. Piu cila dudng cong chuyén ti€p 1 thuéc dinh D3
tring vdi cudi clia duding cong chuyén tiép 2 thude dinh D2 (tGc TC; = TD3).

Tai dinh 4 (D4) ¢6 géc ngoat v4 = 30°28°50” bd tri hai dudng cong clothoid ndi vdi
nhau trite ti€p khong doi xdng ¢6 bdn kinh chung R = 600m. Pau cia dudng cong
chuyén i€p 1 thude dinh D4 triing véi cudi clia dudng cong chuyén ti€p 2 thudc
dinh D3 (titc TC; = TDy).

Tai dinh 5 (D5) ¢ géc ngodt ys = 49°32°15” bd tri hai duding cong clothoid khdng
dGi xtng c¢6 doan chém tron ban kinh R = 1400m. PAu cla dudng cong chuyén tiép 1
thudc dinh D5 tring véi cubi cla dudng cong chuyén tiép 2 thude dinh D4 (tic
TCs =TDy).

Tai dinh 6 (D6) c6 gdc ngoit s = 41°08°05” b tri két hgp truc ti€p hai dudng cong
clothoid d6i xing ¢6 ban kinh R = 1300m. PAu ctia dudng cong chuyén tiép 1 thudce
dinh D6 tring vdi cudi clia dudng cong chuyén ti€p 2 thude dinh DS (ndc TCs = TDy).

Cudi clia dudng cong chuyén tiép 2 thudc dinh 6 ndi vdi cudi tuyén (Kms8) bang
mét doan thing.

Diu tuyé&n (tai Km0) ndi véi ddu dudng cong chuyén ti€p 1 cda dinh D1 biang mot
doan thing.

Ta thong ké thiét k€ sg bd tuyén clothoid cho doan tir Km0-Km8 duding cao to¢
LK-PL vao bang 7.3 dudi day.

7.4.2. Thiét k& va tinh todn cdc chi tiét: (thyc hién ndi dung cla budc 2)

Sau khi x4c dinh dude hudng tuy&n va sd bd quyét dinh céc truding hgp ket hgp cdc
dudng cong ta tién hanh thi€t k&, tinh todn chi i€t cdc yéu td clda duding cong va xic
dinh chinh xdc cic thong s& ciia chiing.

D€ ban doc tién theo dbi qua trinh tinh todn, trong phdn nay sau mdi két qud tinh
todn cho mdi dinh, ching 16i dua vao bang s6 liéu cdm cong tudng Ung.
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Bing 7.3

. Ban kinh lwa chon
Vi trf Hinh thifc ket hop I tud che
scbd R, m
DT dén TD, Poan thing -
Dl K&t hgp tryc i€p hai dudng cong clothoid d6i xifng 800
K&t hop hai duding cong clothoid khong d8i xitng & giita cé
D2 . R 700
doan chém trdn
D3 K&t hgp truc tiép hai duding cong clothoid khdng ddi xing 900
D4 K&t hop tryc 1i€p hai duiing cong clothoid khong ddi x(tng 600
K& hop trirc ti€p hai dudng cong clothoid khong déi xitng
D5 . A s 1400
cO doan chém ron
D6 K€t hap trye i€p hai duding cong clothoid d8i xitng 1300
TC¢ d€n CT |Doan thing -

7.4.2.1. Dinh I1: B6 tri hai duong cong clothoid di xiing

S6 liéu:

D2‘

Chiéu dai dung tang:
DT-D,=528,09m

D;D; =887,16 m

Géce chuyén hudng:

1= 19°16°16”

Chon ban kinh R = 800 m.

¥=19°16'16"

L =528,09
DT

Ta ¢6 goc p = % =9°51°38"

Tir gid tri goc B ta tinh biéing cdc cong thifc gidi tich hay tra bing dudc cic thong s&
cla clothoid Wng véi ban kinh don vi

Goc B L/R AR p/R vR xo/R yoJ/R
9.8605 | 03441953 | 0,5866816 | 0,0049315 | 0,1719277 | 03431773 | 0.019703

Dé€ ¢6 gid tri thuc clia cdc thdng s6 ta nhin ching v6i R = 800m:

1 L A p I Xo Yo
’ 275,35621 469,34528 3.9452 137,54216 274,54184 15,7624

Chiéu dai dudsng tang:

v 19°16'16"

T =T, =x, +y,tg1 =274,54184 + 15, 7624.4g————=277,29m
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Tir cdc thong s8 trén ap dung cdng thic:

SB S9 S]3

X=8- —+ == 5+

40A°  3456A% 599040A'"°

g3 g9 gl3
=5- + - +...
40.(469,34528)°  3456.(469,34528)  599040.(469,34528)"”
SB S? SII SIS
y=—a" A 0 T
6A% 336A°%  42240A1° 9676800A
S3 S'T Sl 1

= - + -
6.(469,34528)7  336.(469,34528)°  42240.(469,34528)"°
lap bang toa d d€ cim dudng cong clothoid theo so do dudi day (xem bang 7.4)

Bing 7.4. Bing toa d§ cim dudng cong clothoid dinh D1

A S5=L X Y S=L X Y
469,35 0 0,00 0,00 150 149,96 2,55
469.35 10 10,00 0,00 160 159,95 3,10
469,35 20 20,00 0,01 170 169,93 3,72
469,35 30 30,00 0,02 180 179,90 4,41
469,35 40 40,00 0,05 190 189,87 5,19
469,35 50 50,00 0,09 200 199,84 6,05
469,35 60 60,00 0,16 210 209,79 7,00
469,35 70 70,00 0,26 220 219,73 8,05
469,35 80 80,00 0,39 230 229,67 9,20
469,35 90 903,00 0,55 240 239,59 10,45
469,35 100 99,99 0,76 250 249,50 11,80
469,35 110 109,99 1,01 260 259,39 13,28
469,35 120 119,99 1,31 270 269,26 14,86
469,35 130 129,98 1,66 275,36 274,54 15,76
469,35 140 139,97 2,08
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7.4.2.2. Dinh 2: Bo tri hai dudng cong chuyén tiép khong doi xing cé doan chém

ron d gifta:
tron o giila 03
S liéu;

Chi¢u dai dudng tang:
D;D5 =1027,26m

Gée chuyén hudng: y = 52°41°58”

Chiéu dai dudng tang con lai d€ b& tri dudng
cong tai dinh 2 1a: T, = DD, - T, = 887,16 —
227,29 = 609,87 m.

St dung cdc phdn mém v& dudng cong tron va
duding cong chuyén ti€p 4p vao binh dd ta chon
sd bO: ban kinh R = 700m, A, = 500,

L=1027,26

¥ = 52°41' 58"

TD2 =TC1

2

A;=600. Lap d s6 %—'vé —AR— Tinh theo cdc cong thifc gidi tich hay tra bang ta suy ra

dudc cdc y€u td clia duding cong (ing vai ban kinh don vi.

B L/R AR p/R /R x/R y/R
Nhinh 1| 14"36°59” | 0,5102041 | 0,7142857 | 0,010821 | 0,254549 0,506894 | 0,043183
Nhinh 2| 21°02'51” | 0,734694 | 0,8571429 | 0,022383 | 0.365701 0,724841 | 0,089099

P& ¢6 gid trj thuc cia céc théng s& ta nhin cdc tr s6 & bang trén vSi ban kinh
R =700m (trtr gid tri géc B):

B L A p t Xo Yo
Nhanh 1 | 14"36°59” | 357,1428 | 499,9999 | 7,5747 | 178,1843 | 354,8258 | 30,2281
Nhinh 2 | 21°02'51 | 514,2858 | 600,0000 | 15,668 | 2559907 | 507,3887 | 62.3693

Tu cdce gid trj trén dp dung cong thite:

T]=Tk+Zl+l{)[=(R+p])tgl + p2._p[ + toy
2 siny

= (700+7,5747)tg

52°41'58" (15,668 -7,5747)
sin52°41'58"

VAT, =Ty— Za+ tog = (R+p.)tg% — (P, —Py) cOlgY + toz

+178,1843 =533,83m

Ta thay T, = 533,83 < To = 609,87. D& hai clothoid ndi ti€p nhau thi T, = 609,87 do
do ta nhin At cd cic théng s6 tim duge cla hai clothoid (trir gid tri géc B) vdi ti s

T,

T, 609,87
533,83

=1,132.
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Ciéc thong 0 sau khi hiéu chinh:

R L A P L Ko Yo
Nhinh 1 792,29 404,2296 | 565,92141 | 8,573370 | 201,6766 | 401,6070 34,2134

Nhidnh 2 792,29 582.0007 | 679,10574 | 17,73382 | 289,7412 | 574,2842 | 70,5922

Chiéu dai cdc dudng tang T, va T» duge tinh tr céc tri s& & bang trén nhu sau:

2 siny
o41'88" (17,73382-8,57337
— (792,29 +8,573370) g ol L ) 1 201.6766 = 609.87m
2 sin52°41'88"

Ty=Tk—Zo+ 2= (R+p1)tg% - (p, —p)cotgy+to:

= (792,29+8,573370)tg +(17,73382-8,57337) cotg( 52°41'88" } + 289, 7412

52741'88"
2
=679,44 m
Géc (ing vdi phin con lai cla dudng cong tron: o =y — B — B2= 17°2°8”
Chiéu dai doan chém tron:
K= Rra 792,29 x 1t x 17,036

= = =235,57Tm
180 180

C6 chiéu dai dudng tang va thay gid tri
cia cdc thdng s& vao ¢cdng thitc (cdch lam
twong tw nhu d8i véi dinh Dy ):

SS S9 S|3
- i 8 nt
40A% 3456A° 599040A
S3 ST S]]. S]5

= rea + — e
YT 6AZ 336A°  42240A° 9676800A™

vdi A =565,92141 d6i vdi nhdanh T,

A = 679,10574 d61 véi nhdnh T,
TD2 = TC1

ta lap duge bang toa do d€ cdm cdc dudng
cong theo sd do (xem bédng 7.5).
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Béng 7.5. Bang toa dj cim dudng cong clothoid dinh D2

Nhanh 1:

A S=L X Y S=L X Y
565.92 0.00 0,00 0,00 210,00 209,90 4,82
565,92 10,00 10,00 0,00 220,00 219,87 5,54
565,92 20,00 20,00 0,00 230,00 229,84 6,33
565,92 30,00 30,00 0,01 240,00 239,81 7.19
565,92 40,00 40,00 0,03 250,00 249,76 8,13
565,92 50,00 50,00 0,07 260,00 259,71 9,14
565.92 60,00 60,00 3,11 270,00 269,65 10,23
565,92 70,00 70,00 0,18 280,00 279,58 11,41
565,92 80,00 80,00 0,27 290,00 289,50 12,68
565,92 90,00 90,00 0,38 300,00 299,41 14,03
565,92 100,00 100,00 0,52 310,00 309,30 15,48
565,92 110,00 110,00 0,69 320,00 319,18 17,02
365,92 120,00 119,99 0,90 330,00 329,05 18,66
565,52 130,00 129,99 1,14 340,00 338,89 20,41
565,92 140,00 139,99 1,43 350,00 348,72 22,25
565,92 150,00 149,98 1,76 360,00 358,53 2421
565,92 160,00 159,97 2,13 370,00 368,31 26,27
565,92 170,00 169,97 2,56 380,00 378,07 28,45
565,92 180,00 17995 - 3,03 390,00 387,81 30,75
565,92 190,00 189,94 3,57 400,00 397,51 33,16
565,92 200,00 199,92 4,16 404,23 401,61 34,21

Nhdnh 2;

A S=L X Y S=L X Y
679,11 0,00 0,00 0,00 300,00 299,71 9.75
679,11 10,00 10,00 0,00 310,00 309,66 13,76
679,11 20,00 20,00 0,00 320,00 319,61 11,83
679,11 30,00 30,00 0,01 330,00 329,54 12,97
679,11 40,00 40,00 0,02 340,00 33947 I4,19
679,11 50,00 50,00 0,05 350,00 349,38 1548
679,11 60,00 60,00 0,08 360,00 359,29 16,84
679,11 70,00 70.00 0,12 370,00 369,19 18,28
679,11 80,00 80,00 0,19 380,00 379,07 19,80
679,11 90,00 90,00 0,26 390,00 388,94 21,40
679,11 100,00 100,00 0,36 400,00 398,80 23,08
679,11 110,00 110,00 0,48 410,00 408,64 24,85
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Bing 7.5 (ti€p theo)

679,11 120,00 120,00 0,62 420,00 418,47 26,70
679,11 130,00 130,00 0,79 430,00 428,28 28,65
679,11 140,00 139,99 0,99 440,00 438,07 30,69
679,11 150,00 149,99 1,22 450,00 447,84 32,82
679,11 160,00 159,99 1,48 460,00 457,58 35,04
679,11 170,00 169,98 1,78 470,00 467,31 37,37
679,11 180,00 179,98 2,11 480,00 477,01 39,79
679,11 190,00 189,97 2,48 490,00 486,69 4231 .
679,11 200,00 199,96 2,89 500,00 496,34 44,94
679,11 210,00 209,95 3,35 510,00 505,96 47,67
679,11 220,00 219,94 3,85 520,00 515,55 50,50
679,11 230,00 229,92 4,40 530,00 525,11 53.45
679.11 240,00 23991 4,99 540,00 534,63 56,50
679,11 250,00 249,89 5.64 550,00 544,11 59.67
679,11 260,00 259,86 6,35 560,00 553,56 62,94
679,11 270,00 269,83 7,11 570,00 562,97 66,34
679,11 280,00 279,80 7,93 580,00 572,33 69,84
679,11 290,00 289,76 8,81 582,09 574,28 70,59
BuGng cong tron:
STT n nl/R S=nl X’ Y’
1 0 0,00 0 (0,00 0,00
2 1 0,03 20 20,00 0,25
3 2 0,03 40 39,98 1,01
4 3 0,08 60 59,94 2,27
5 4 0,10 80 79,86 4,04
6 5 0,13 100 99,73 6.30
7 5,89 0,15 117,79 117,37 8,74
7.4.2.3. Pinh 3: B& tri hai clothoid noi tiép khong déi xiing: D4
SO liéu:
Chiéu dai duding tang: 587,37

DiDy = 587,37 m
Go¢ chuyén h]_flf‘,ing Y= 1945 18" y= 192451 8"
Chiéu dai con Iai d€ b8 tri duding cong tai dinh 3 1a:

T, =D;D3— T2 = 1027,26 — 679,44 = 347,82 m

T, = 347,82

TD3=TC2
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Pau tién ta sit dung cdc phin mém vé dudng cong tron 4p vao binh dé d€ chon so
bd ban kinh R = 900m. V&i bin kinh nay chi€u dai cung tron Ia 310 m. Chon so bd hai

. k) -3 [ w L N L
clothoid ¢6 ni¥a chi€u dai lan lugt1a =L =200m va —2=110m.

=

A, =L R =400x900 = 600m

A, =JL,R =~+/220x900 = 445 m
Chon A, = 600m, A, =450m.

Ta tinh lai bdn kinh R:
Al + A2
R = Jl—lx 28,65 =903,2m
H
~ 2 I A] N A‘-‘ - r - -, e rd > =

Lip ti sb S va —=. Tinh todn tra bdng ta suy ra dugc cdc yéu td cia dudng

cong Ung vdi ban kinh don vi:
Goe B L/R AR p/R tR xJ/R yJ/R

Nhdnh 1] 12°38°34” | 0,441308 | 0,66430 | 0,008101 | 0,220296 | 0,439164 | 0,03234
Nhdnh 2| 7°6'41” | 0,248237 | 0,498227 0,002566 | 0,12405 | 0,247855 | 0,01026

DE ¢6 gid tri the clia cédc théng s ta nhan ching véi ban kinh R(irit gid tri géc B):

R = 903,2 L A p t Xo y(:
Nhdnh 1 398,5909 | 600,0000 | 7,317275 | 198,9724 | 396,6542 29,218
Nhédnh 2 2242087 | 4499999 | 2,318095 | 112,0467 | 223,8638 | 9,26689
Chiéu dai duding tang:
sin,| 204 Yoz
sinP;, sinf,
T, =Ty +Z, =%y —y, cotgh, + - =34271 m
siny

Ta thdy T, = 342,71 < T, = 347,82, P& hai clothoid ndi ti€p nhau thi T, = 347,82 do
d6 ta nhdn tdt cd cdc thong s¢ tim duge cda hai clothoid (trir gia tri géc B) véi 6 s

T, 347.82
??: e T
Céc thong 56 sau khi hiéu chinh:
R L A p ¢ Xo Yo
Nhdnh 1] 916,7002 | 404,5477 | 608,96673 7,4266i8 201,9459 | 402,5820 | 29,65464
Nhinh 2| 916,7002 | 227,5594 |456,72500 | 2,352738 | 113,7212 | 227,2093 | 9,405381
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Chiéu dai cdc dudng tang T, va Ty dutde tinh tir cdc tri s6 & bdng trén nhu sau:

sin 3, —‘y”' +_L”2—
: “Lsinf, sinP,
Ty =Ty +Z, =Xg = Yoi cotg p + ~ =347,82m
sin 'y
sinf, ‘Ym +_‘_)_’_Uz _
sinf3; sinf, _
Ty =Ta +Zs=Xp — Yy cotghs, + - == =288,75m
- siny

C6 chiéu dai duding tang va thay cdc tri sO cla cdc thdong s8 vio cdng thife (cich

lam tuong tw nhu d61 véi dinh Dy):
g g gl

- g g8 IR

40A7  3456A° 599040A°-
g3 N gl gls
PV 5+ 0 : 14

6A-  336A° 42240A 9676800A
vii A =608,96673 d6i vdi nhdanh Ty

A = 456,725 361 véi nhanh T,

y

ta lap dudc bang toa do dé cim cic duong cong clothoid theo so dd (xem bang 7,6)

Bang 7.6. BAng toa d§ cim dudng cong clothoid dinh D3

Nhéanh 1:

A S=L X Y S=L X Y
608,97 0,00 0,00 0,00 210,00 209,93 4,16
608,97 10,00 10,00 0,00 220,00 21591 4,78
608,57 20,00 20,00 0,00 230,00 229,88 5,47
608,97 30,00 30,00 0,61 240,00 239,86 6,21
608,97 40,00 40,00 (0,03 250,00 249,82 7.02
608,97 50,00 50,00 0,06 260,00 259,78 7,89
608,97 60,00 60,00 0,10 270,00 269,74 8,84
608,97 70,00 70,00 0,15 280,00 279,69 9,86
608,97 80,00 80,00 0,23 290,00 289,03 10,95
608,97 50,00 90,00 0,33 300,00 299,56 12,12
608,97 100,00 100,00 0,45 310,00 309,48 13,37
608,97 110,00 110,00 0,60 320,00 319,39 14,74
608,97 120,00 120,00 0,78 330,00 326,29 16,13
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Bing 7.6 (ti€p theo)

608,97 130,00 129,99 0,99 340,00 339,17 17,63
608,97 140,00 139,99 1,23 350,00 349,05 19,23
608,97 150,00 149,99 1,52 360,00 358,90 20,92
608,97 160,00 159,98 1.84 370,00 368,74 22,71
608,97 170,00 169,97 2,21 380,00 378,56 24,59
608,97 180,00 179,97 2,62 350,00 388,36 26,58
608,97 190,00 189,95 3,08 400,00 398,14 28,67
608,97 200,00 199,94 3,59 404,55 402,58 29,65

Nhénh 2:

A S5=L X Y S=L X Y
456,73 0,00 (0,00 0,00 120,00 119,99 1,38
456,73 10,00 10,00 0,00 130,00 129,98 1,76
456,73 20,00 20,00 0,01 140,00 139,97 2,19
456,73 30,00 30,00 0,02 150,00 149,96 2,70
456,73 40,00 40,00 3,05 160,00 159,94 3,27
456,73 50,00 50,00 G,10 170,00 169,92 3,92
456,73 60,00 60,00 0,17 180,00 179,89 4,66
456,73 70,00 70,00 (3,27 190,00 189,86 548
456,73 80,00 80,00 0,41 200,00 199,82 6,39
456,73 90,00 90,00 (0,58 210,00 209,77 739
456,73 100,00 99,99 0,80 220,00 219,70 8,50
456,73 110,00 109,99 1,06 227,56 227,21 9,40

‘e TC3
G4
R
.
TD3=TC2
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7.4.2.4. Binh 4: B6 tri hai clothoid néi tiép khong doi xiing

S8 liéu:

Chiéu dai dudng tang: D4Ds= 1232,47 m

Géc chuyén hudng v = 30°28°50”

Chiéu dai con lai dé b& tri dudng cong tai dinh 4 1a: T, =
DsDy— T, =587,37 — 288,75 = 298,62 m,

St dung cac phian mém vé& dudng cong tron dp vio binh db
ta chon sd bo ban kinh R = 600 m. Vi bdn kinh nay chiéu dai
cung tron 12 319 m. Chon sd bd hai clothoid ¢6 chiéu dai 1an

L=123247

lugt 12 %*—s 100m va %2—%225m.

= A, =,/L,R =v200x600 =346 m D4y"y = 30728’ 50"

A, =JL,R = V450x600 = 520m 2= 298,62

Af 4 Ag TD4 =TC3

Y

Ta tinh lai ban kinh R: R = \j x 28,65 =605,55m
As
R
dudge cdc y&u td clia dudng cong Wng v4i ban kinh don vi:

" d A - - - p - k]
Lap t1 sO »—RJ- va . Tinh todn theo cdc cdng thitc gidi tich hay tra bang ta suy ra

Goc 3 L/R A/R p/R R /R YR
Nhénh 1{ 9°21°11" 10,3264784 | 0,571382 | 0,004437 | 0,16309 | 0,325609 { 0,01773
Nhanh 2 | 21°7'31” |0,7374119 | 0,8587257 | 0,022548 | 0,367041 | 0,727449 | 0,08975

Dé c6 gid tri thyc clia cdc thong sO ta nhin cdc tri s& & bang trén v4i bdn kinh
R = 600m {trir gia tri géc B):

R = 605,55 L A p t X0 Yo
Nhdnh 1 197,6985 | 346,0000 | 2,687157 98,7613 197,1721 10,7371
Nhdnh 2 446,5386 | 5199999 | 13,65396 222,261 440,5060 54,3502

Chiéu dai dudng tang:

sinBz( Yo " Yoz J

sinf3, sinf,

siny

= 286,07 m
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Ta thidy Ty = 286,07 < Ty = 298,62, B€ hai clothoid néi ti€p nhau thi T, = 298,62 do
d6 ta nhan (3t ¢4 cdc thong 6 tim dudc cha hai clothoid ( triy gid tri goc P) véi ti sd
T, 298,62

T, 286,07

=1.044

Céc thong sO sau khi hiéu chinh:

|7 R L A p t Xo ¥o
Nhianh 1 | 632,1059 | 206,368 | 361,1744 | 2,80500 103,092 | 2058195 | 11,2080
Nhinh 2 | 632,1059 | 466,122 | 542,8055 | 14,2527 232,009 | 459,8253 | 56,7339

Chiéu dai dutsng tang T, va T, dudc tinh tiY cic tri s6 & bang trén nhu sau:

sin f3, [—_ym— + _—yﬁé-—]
sin $
Ty =Ty +Z; =%y ~yg cotg B, + l .Bl LR 298,62 m
siny

inp, {ij_] 7
sinf}; sinf,

siny

T, =T, +Z, =Xy —yg cotgh, + } = 385,52m

C6 chiéu dai dugng tang v gid tri cla cdc thong s6, 4p dung cdng thidc (cdch lam
tong ty nhu ddi véi dinh D)):
S5 <9 RE
S 8 7t
40A" 3456A° 599040A'°
S3 S? Sll S|5
2 5 T 0 13
6A~ 336A° 42240A 9676800A
véi A =361,1744 d6i vdi nhdanh T,:
A =542,8055 d6i vdi nhdnh T,.
ta {ap dude bang toa do d€ cim cdc dudng cong clothoid theo so dd (bdng 7.7 )

X=8—

y:

Bdng 7.7, Bang toa d§ cim du¥ng cong clotheid dinh D4

o Nhanh 1:

A S=L X Y S=L X Y
361,17 0,00 0,00 000 | 11000 | 10998 1,70
361.17 10,00 10,00 000 | 12000 | 11996 221
361,17 20,00 20,00 001 | 13000 | 12995 281
361,17 30,00 30,00 0,03 | 14000 | 13992 1,50
361,17 40,00 40,00 008 | 15000 | 149,89 431
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Bang 7.7 (ti€p theo)

361,17 50,00 30,00 0,16 160,00 159,85 5,23

361,17 60,00 60,00 0,28 170,00 169,79 6,27

361,17 70,00 70,00 0,44 180,00 179,72 7.44

361,17 80,00 80,00 0,65 190,00 189,64 8,75

361,17 90,00 89,99 0,93 200,00 199,53 10,20

361,17 100,00 99,99 1,28 206,37 205,82 11,21
Nhdnh 2:

A S=L X Y S=L X Y
542,81 0,00 0,00 0,00 240,00 239,717 7,81
542,81 10,00 10,00 3,00 250,00 249,72 8,83
542,81 20,00 20,00 0,00 260,00 259,66 9,93
542,81 30,00 30,00 0,02 270,00 269,59 11,12
542 81 40,00 40,00 0,04 280,00 279,50 12,40
542,81 50,00 50,00 0,07 290,00 289,41 13,78
542,81 60,00 60,00 0,12 300,00 299,30 15,25
542,81 70,00 70,00 0,19 310,00 309,18 16,82
542,81 80,00 80,00 0,29 320,00 319,04 18,50
542 81 90,00 90,00 0,41 330,00 328,87 20,28
542,81 100,00 100,00 0,57 340,00 338,69 22,17
542,81 110,00 110,00 0,75 350,00 348,49 24,18
542 81 120,00 119,99 0,98 360,00 358,20 26,30
542,81 130,00 129,99 1,24 370,00 368,01 28.54
542 81 140,00 139,98 1,55 380,00 377,72 30,91
542,81 150,00 149,98 1,91 390,00 387,41 33,40
542,81 160,00 159,97 2,32 400,00 397,06 36,01
542,81 170,00 169,96 2,78 410,00 406,68 38,76
542,81 180,00 179,95 3,30 420,00 416,25 41,64
542,81 190,00 189,93 3.88 430,00 425,79 44,66
542,81 200,00 199,91 4,52 440,00 435,27 47,82
542,81 210,00 209,88 5,24 450,00 444,71 51,11
542,81 220,00 219,85 6,02 460,00 454,10 54,55
542.81 230,00 229,81 6,88 466,12 459,83 56,73
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7.4.2.5. Dinh 5: B8 tri hai duing cong chuyén ticp khong di xiing 3 gifta c6 doan
chém tron

56 lidu:
. D6
Chi€u dai dudng tang:
DsDe = 2001,43 m

Gdc chuyén hudng y = 49°32°15”

L=200143

Chi¢u dai con lai dé bé trf dudng cong
tai dinh § 1a:
T, =D4Ds— T, =1232,47 - 385,52
= 846,95 m.

DS
¥ =49°3215"

St dung cdc phin mém vé cic dudng
cong tron va dudng coug clothoid 4p vao
binh dd ta chon sd bd bdn kinh R = 1400 m,
Ay =700m, A; = 1000m (co s6 dé€ Iya chon
cic thdng s& nay 1a chiéu dai cda cung tron

T, = 846,95

TDS = TC4
va chiéu dai con lai cia duding tang),
P R A| » A? - - ~ P LY =
Lip ti 0 R va TRL’ Tinh theo cdc cong thifc gidi tich hay tra bang ta suy ra dugc

cde yéu to cla duding cong ding vai ban kinh don vi:

[ B L/R AR p/R /R x/R y/R T
Nhanh 1 | 7'9°43> 0,25 0,5 0,002603 | 0,12493 0,2496 | 0,01040
Nhinh 2 | 14"36°59™ | 0,510204 | 0,714285 | 001082 0,25454 | 0,50689 | 0,04318

175



D€ ¢6 gid tri thic clia céc thong s§ ta nhin cdc tri s& & bang trén v4i bidn kinh
R = 1400m (trir gid tri gée B):

p L A p t Xy Yo
Nhéanh 1 | 7"9°43” 350 700 3,6442 174,909 | 349,454 14,567
Nhdnh 2 | 1436°59” | 714,285741999,99998 | 15,1494 | 356,3686 | 709,6516 | 60,4562

TU cdc gid tri trén dp dung cdng thic

-

vid

Ti=Tu+Z1+th=(R +p|)tg% + M+ iy = 837,68 m

siny

Ty=Ti~Za+ta=(R +p1)tg% —~ (p, —py) cotgy + tn2

Ta thay T, = 837,68 < Ty = 846,95. Pé hai clothoid ndi ti€p nhau thi T, = 846,95 do
d6 ta nhin tit ca cic thong s6 m duge ciia hai clothoid (trit gid tri gée B) voi 4 s6

T, 846,95 _

T, 837.68

E

Ciac thong sO sau khi hiéu chinh:

R L A p t X, Yo
Nhdnh | 1415,5 |353,87394 | 707,7478 | 3,684535 | 176,84496 | 353,3219 14,72823
Nhinh2 1415,5 |[722,19174 | 1011,0683 | 15,31708 |360,31303 | 717,5063 | 61,12535

Chiéu dai cdc duding tang Ty va T, dugc tinh tf cdc tri s6 & bang trén nhy sau:

T, =T+ Z|+tm=(R+Pl)tg% +

) = 846,95 m

P>7P1
siny

T, =Th— Zo+ 2= (R+p|)tg% - (p2—py)

cotgy + ty2 = 1005,21 m

Géc ing vdi phan con lai cia dudng cong

ron: o=y — B - Ba=2745"33”

Chiéu dai doan chém tron:

Rma  1415.5xwx27.76

180

=0685,79m
C6 chiéu dai dudng tang va thay gid tri cda TO5=7C4
céc thong s& vao cong thife (cdch lam tudng tw nhu doi vdi dinh D)
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SS Sg Sl3

- a " 8 izt

40A"  3456A° 599040A'-
g3 g7 gl gls

2 gt 0 14
6A°  336A7 42240A" 9676800A
véi A, =707,7478 d6i vdi nhdnh T,

A,=1011,0683 d&i vdi nhanh T,

x=8

y:

ta 1ap bdng toa do d€ cim cac dudng cong clothoid theo so dd (xem bing 7.8)

Bang 7.8. Bing toa d§ cAm dudng cong clothoid dinh D5

Nhénh 1:

A S=L X Y S=L X Y
707,75 0,00 0,00 0,00 190,060 189,98 2,28
707,75 10,00 10,00 (0,00 200,00 199,97 2,66
707,75 20,00 20,00 0,00 210,00 209,96 3,08
707,75 30,00 30,00 0,01 220,00 219,05 3,54
707,75 40,00 40,00 0,02 230,00 225,54 4,05
707,75 30,00 50,00 0,04 240,00 239,92 4,60
707,75 60,00 60,00 0,07 250,00 249,90 5,20
707,75 70,00 70,00 0,11 260,00 259,88 5,85
707,75 80,00 80,00 0,17 270,00 269,86 6,55
707,75 90,00 90,00 0,24 280,00 279,83 7,30
707,75 100,00 100,00 0,33 250,00 289,80 8,11
707,75 110,00 110,00 0,44 300,00 299,76 8,98
707,75 120,00 120,00 0,57 310,00 309,71 9,91
707,75 130,00 130,00 0,73 320,00 319,67 10,89
707,75 140,00 139,99 0,91 330,00 329,61 11,95
707,75 150,00 149,99 1,12 340,00 339,55 13,07
707,75 160,00 159,99 1,36 350,00 349,48 14,25
707,75 170,00 169,99 1,63 353,87 353,32 14,73

Nhénh 2:

A S=L X Y S=L X Y
1011,07 0,00 0,00 0,00 370,00 369,83 8,26
1011,07 10,00 10,00 0,00 380,00 379,81 8,94
1011,07 20,00 20,00 0,00 350,00 389,78 9.67
1011,07 30,00 30,00 0,00 400,00 399,76 10,43
1011,07 40,00 40,00 0,01 410,00 409,72 11,23
1011,07 50,00 50,00 0,02 420,00 419,69 12,07
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Bang 7.8 (tié€p theo)

1011,07 60,00 60,00 0,04 430,00 429,65 12,96
1011,07 70,00 70,00 0,06 440,00 439,61 13,88
1011,07 80,00 80,00 (0,08 450,00 449,56 14,85
1011,07 90,00 50,00 0,12 460,00 45951 15.86
011,07 100,00 100,00 0,16 470,00 469,45 16,91
1011,07 110,00 « 110,00 0,22 480,00 479,39 18,01
1011,07 120,00 120,00 0,28 490,00 489,32 19,16
1011,07 130,00 130,00 0,36 500,00 499,25 20,36
1011,07 140,00 140,60 0,45 510,00 509,18 21,60
1011,07 150,00 150,00 0,55 520,00 519,09 22,90
1011,07 160,00 160,00 0,67 530,00 529,00 24,24
1011,07 170,00 170,00 0,80 540,00 538,90 25,64
1011,07 180,00 180,00 0,95 550,00 548,80 27,08
1011,07 190,00 189,99 1,12 560,00 558,08 28,58
1011,07 200,00 199,99 1,30 570,00 568,36 30,14
1011,07 210,60 209,99 1,51 580,00 578,43 31,75
1011,07 220,00 219,99 1,74 590,00 588,29 33,42
1011,07 230,00 229,98 1,98 600,00 598,14 35,14
1011,07 240,00 235,98 2,25 610,00 607,98 36,92
1011,07 250,00 249,98 2,55 620,00 617,81 38,76
1011,07 260,00 259,97 2,87 630,00 627,63 40,66
1011,07 270,00 269,97 3,24 640,00 637,44 42,62
111,07 280,00 279,96 3,58 650,00 647,23 44,64
1011,07 290,00 289,95 3,98 660,00 657,01 46,72
1011,067 300,00 299,94 4,40 670,00 666,78 48,87
1011,07 310,00 309,93 4,86 680,00 676,53 51,08
1011,07 320,00 319,92 5,34 690,00 686,27 53,35
1011,07 330,00 329,91 5,86 700,00 695,99 55,69
1011,07 340,00 336,89 6,41 710,00 705,70 58,10
1011,07 350,00 349,87 6,99 720,00 715,38 60,57
1011.07 360,00 359,86 7,60 722,19 717,51 61,13
Budng cong tron:
STT n nl/R S=nl X Y’

1 0 0,00 0 0,00 0,00

2 1 0,03 20 20,00 0,25

3 2 0,05 40 39,98 1,01

4 3 0,08 60 59.94 227
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Bing 7.8 (ti€p theo)

5 4 0,10 80 79,86 4,04

6 5 0,13 100 99,73 6,30

7 6 0,15 120 119,54 6,07

8 7 0,18 140 139,27 12,34
9 8 0,20 160 158,91 16,10
10 9 0,23 180 178,46 20,36
11 10 0.25 200 197,88 25,11
12 11 0,28 220 217,18 30,35
13 12 0,30 240 236,35 36,07
14 13 0,33 260 255,36 4228
15 14 0,35 280 274,21 48,96
16 15 0,38 300 292,88 56,12
17 16 0,40 320 - 311,37 63,75
18 17 0,43 340 329,66 71,84
19 17,145 0,43 3429 332,29 73,05

7.4.2.6. Dinh 6: Bé tri hai dudng cong clothoid néi tiép déi xiing

S84 liéu:

Chiéu dai dudng tang:

DsCT = 1633,67m

Gdc chuyén hudng y = 41°08°05”

Chi€u dai con lai d€ bd tri dudng cong tai
dinh 6 [a: T, = DsDe - Ta = 2001,43 — 1005,21
=996,22 m,

Sd bd chon bdan kinh R =1300 m.

Ta ¢6 géc P = % = 9°51°38”

Tir gid tri géc B, ta tinh todn bing cdc
cong thie giai tich hay tra bang ta dudgc cédc
théng s cila clothoid 1ng v8i bdn kinh don
vi (N€u gid tri khéng c6 trong bang thi ta

phai ndi suy):

TD6 =TCS

Y= 4% 0805"

L= 163367
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Goe B3 L/R AR p/R /R Xx/R y/R
20,5674 | 0,7179406 | 0,84731189 | 0,0213788 | 0,3574335 | 0,708744 | 0,0851202
DE ¢6 gid tri thirc clia cdc thong s& ta nhan chiing v6i R = 1300 m:
L A p t XO )Iu
933,32275 1101,50546 27,792479 4646636 921,3672 11065626

Chiéu dai dudng tang: Ty=Tr =X, + yotg% =962,89m

Ta thdy T; = 962,89 < Ty = 996,22. P€ hai clothoid n&i ti€p nhau thi T| = 996,22 do
d6 ta nhén tdt cd cdc thdng s0 im duge cla hai clothoid (triY gid tri géc B) vdi t 8

Ty _99622 | 1
T, 962,89
Céc thong s6 sau khi hi¢u chinh:
R L A P t X, Ya
134500 065,63099 | 113963557 | 28,754553 | 480,74856 | 953,26158 | 11448678

Chiéu dai dudng tang sau khi hiéu chinh: T(= Ty = x, + yntg% =996,22 m

Thay tri s& cdc thong s6 trén vao cdng thife (cdch Iam twong ty nhu 461 v6i dinh D))

v

x=8-

y

SS

S9

S]3

s s’

S”

+ —_ 3 + A
40A*  3456A%  599040A1°
S]S

A =1139,63557
ta lap bang toa do dé cim duding cong clothoid (xem bang 7.9).

- — + _— PR
6A% 336A°%  42240A'° 9676300A"

Bang 7.9. Bang toa 46 cim dudng cong clothoid dinh D6

A S=L X Y S=L X Y

] 2 3 4 5 6 7
113964 0,00 0,00 0,00 490,00 489,58 15,09
1139,64 10,00 10,00 3,00 500,00 499,54 16,03
113964 20,00 20,00 0,00 510,00 509,49 17,01
1139,64 30,00 30,00 0,00 520,00 519,44 18,03
1139,64 40,00 40,00 0,01 530,00 529,38 19,09
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Bing 7.9 (ti€p theo)

| 2 3 4 5 6 7
113964 50,00 50,00 0,02 540,00 539,32 20,19
1139,64 60,00 60,60 0,03 550,00 549,25 21,33
113964 70,00 70,00 0,04 560,00 359,18 22,51
1139,64 80,00 80,00 0,07 570,00 569,11 23,74
1139,64 90,00 90,00 0,09 580,00 579,03 25,01
1139,64 100,00 100,00 0,13 590,00 588,94 26,32
1139.64 116,00 110,00 0,17 600,00 598,85 27,68
1139.64 120,00 120,00 0,22 610,00 608,735 29,09
1139,64 130,00 130,00 0,28 620,00 618,64 30,54
113964 140,00 140,00 0,35 630,00 628,53 32,03
1139,64 150,00 156,00 0,43 640,00 638,41 33,58
[139.64 160,00 160,00 0,53 650,00 648,28 35,18
139,64 170,00 170,00 0,63 660,00 658,15 36,82
1139,64 180,00 180,00 0,75 670,00 668,00 38,51
113964 150,00 190,00 0,38 680,00 677,85 40,26
1139.64 200,00 200,00 1,03 69(1,00 687,69 42,06
113964 210,00 209,99 1,19 700,00 697,51 43,50
1139.64 220,00 219,99 1,37 710,00 707.33 45,81
1139.64 230,00 229,99 1,56 720,00 717,14 47,76
1139,64 240,00 239,99 1,77 730,60 726,93 49,77
1139.64 250,00 249,99 2,01 740,00 736,72 51,84
113904 260,00 259,98 2,26 750,00 746,49 53,96
1139,64 270,00 269,98 2,53 760,00 756,25 56,13
1139,64 280,00 279,97 2,82 770,00 766,00 58,37
1139.64 290,00 289,97 3,13 780,00 775,73 60,66
1139,64 300,00 299,96 3,46 790,00 78545 63,01
1139,64 310,00 309,96 3,82 800,00 795,16 65,42
1139,64 320,00 319,95 4,20 810,00 804,85 67,89
1139.64 330,00 329,94 4,61 820,00 814,52 70,42
1139.64 340,00 339,93 5,04 830,00 824,18 73,01
113964 350,00 349,92 5,50 840,00 833,82 75,66
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Bang 7.9 (tiép theo)

1 2 3 4 5 6 7
1139 64 360,00 359,91 5,95 850,00 843,45 78,37
1139 64 370,00 369,90 6,50 860,00 853,05 81,15
1139,64 380,00 379,88 7.04 870,00 862,64 83,99
1139,64 390,00 389,87 7,61 380,00 872,21 86,90
1139,64 400,00 399,85 8.21 890,00 881,76 89,87
1139,64 410,00 409,83 8,84 200,00 891,29 92.90
113964 420,00 419,81 0,50 010,00 900,79 96,00
1139 64 430,00 42978 10,20 920,00 910,28 99.17
1139,64 440,00 439,76 10,93 930,00 019,74 102,41
113964 450,00 44973 11,69 340,00 92018 105,71
1139,64 460,00 459,69 12,48 950,00 938,60 109,08
1139,64 470,00 469,66 13,32 060,00 047 99 112,52
1139,64 480,00 479,62 14,18 965,63 953,26 114,49

CT
TCe
R
AV
G8
“n
TD6=TC5

Nhu vdy, sau khi bd tri va tinh todn chi ti&t cdc y&u t3 clia cdc dudng cong k&t hgp
ta thue hién cim cong chi ti€t 1fng v&i mdi dinh. N&i cdc di€ém dau va diém cudi cla
cdc dudng cong tai sdu dinh lién tuc v6i nhau ta duge binh dd k¥ thudt tuyén 12 méot
dudng cong lién tuc ndi tf Km0-Km8 ¢6 dang tuyén clothoid clia doan dudng cao tic
Lién Khuong - Pa Lat.
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Ly trinh clia cdc coc ti€p diu (TD), ti€p cudi (TC) va coc phan cu (G) clia 6 dinh
g6c¢ ngodt duge néu trong bing 7.10 va dudce trinh bay trén céc ban vé ty 1& 1/2000
(Hinh 7.3). Binh d6 k¥ thudt thi cong ctia doan tuyén Km0-Km8 vdi ddy dd cdc chi tist
thé hién trén binh d& nhu: dai phan cdch & gitta, cdc mép phdn xe chay, mép & gia 4,
mép nén dudng va gi6i han cdc chan taluy dao, dip ... dugc thé hién trén hinh 7.4.

Bang 7.10
Pinh | Téncoc Ly trinh Hinh thite k&t he Tri 86 cda céc thong 5§
' Y P thi€t k& k§ thudt
TD1 Km0+250,81 e o .
No1 tryce tiép hall R = 800m
D1 Gl Km0+526,17 | dutng cong clothoid
d6i xén L;=1,=2753562Im
TCl Km0+801,52 8
TD2 =TCl1
Poan chém irdn R =792,29m
Do G2 Kml1+205,76 | yiifa hai dudng cong K =23557m
G3 Km1+441,33 chuyén (i&p clothoid L, = 404,2296m
khong d6i xitng L, = 582.0907
TC2 Km2+23 41 2T ORI
D3 =Tez NG tryc iép hai R =916,70m
D3 G4 Km2+427.93 dudng cong clothoid L, = 404,5477m
TC3 Km2+655,49 | <hongddixing Lo= 227,5594m
D4=163 NGi truc G€p hai R =632,1059m
D4 Gs Km2+861,87 | dudng cong clothoid L, = 206,368m
TC4 Km3+32799 | <nong doixing L, = 466,122m
TD5=TC4
Boan chém trdn R =1415,5m
DS G6 Km3+681,86 | giita hai dudng cong K = 685,79m
G7 Kmd+367.66 chuyén tiép clothoid L, = 353,87394m
khong doi xitng L, = 722,19174
TCS Km5+89,84 2= fes izl
TD6 = TCS NE trae i hat
81 trye ti€p hai R = 1345m
D6 G8 Km6+55.48 dudng cong clothoid
a6 xi L, =L;=965,63099m
TC6 Km7+21,11 Ol xung
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KMO - KM2 + 100

Ti LE 1/2000

EUTOD

UONG CONG KM2 - KM3 + 400

CACY

Ti LE 1/2000

Hinh 7.3a
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KM3 + 300 - KM5 + 100
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KM5 - KM7 + 100

-

TI LE 1/2000

Hinh 7.3b
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7.5. THUYET MINH SO BO VE THIET KE TRAC POC VA TRAC NGANG

7.5.1. Thiét k& miit cit doc

Cdc tiéu chuin ky thudt dude st dung dé thiét k& tric doc tudn theo quy trinh
TCVN 5729-97 (c4e chi tiéu chi y&u thé hién trong bang 7.1). Tdn suat d€ thi€t k€ vdi
cdu cong nho 12 1%.

Khi thiét k& tric doc di chi ¥ phdi hgp giita cac y&u 18 trdc doc va binh db ciing
nhit bdo dam sy 8n dinh cda tric ngang nén dudng, dong thdi tudn thi nhitng nguyén
tic bao dam cho tuy&n dat yéu ciu v& do bing phing va ém thudn, va déu din trong
khong gian.

Thi&t k& mat cit doc doan tuyén bao gdm sau doan va bdn duding cong ding. Trong do:

- Poan tir Km0 d&€n Km1+301,61 dai 1301,61m cé d0 déc doc ig = 10%0

- Poan tif Km1+398,39 d&€n Km2+253,97 dai 855,58m co dd dac doc 1g= 5%o0

- DBoan tir Km2+446,02 dén Km3+990,33 dai 1544,31m c6 dd ddc doc ig= 8%

- Poan wr Kim4+159,66 d&n KmS5+811,56 dai 1651,90m ¢6 dd doc doc ig= 6%«

- Poan tif Km6+38,43 dén Km7+175,00 dai 1136,57m ¢6 do déc doc ig= 13%0
va bdn dudng cong ditng:

- Pudng cong ding 161 ¢6 R = 20 000m tai Km1+301,61

- Pudng cong ding 16i ¢6 R = 15 000m tai Km2+253,97

- Pudng cong ditng 16m ¢6 R = 12 000m tai Km3+990,33

- Puting cong diing 15i ¢6 R = 12 000m tai Km5+811,56

7.5.2. Thi€t k& mit cit ngang va nén dudng:

Poan LK-DL la doan tuyén di qua viing ddi ndi. B& rdng mit cdt ngang 1a 23m,
bao gbom:

- Mat dudng 6 bdn Ian xe (hai 1an theo chiéu di va hai lan theo chiéu vé):
Bpa = 4 x 3,75 = 15m

- D4i phan cdch gita rong 1,5m

- Lé gia cd hai bén: 2 x 2,50 = 5m

-Lé dit:2x0,75=1,5m

Phin xe chay c6 mit dudng 12 bé tong nhuta hai 16p v6i d6 doc ngang in=2%.

Nén dutimg: theo tai liéu khdo sat dia chdt thi nén chd y&u la sét bazan, sét cat lan
sbi san laterit & trang thai nita ciing d&n cdng. Vi viy khong phdi xit Iy nén duding &
phia du6i, ma chi y&u phii quan tdm 12 thiét k& on dinh mii taluy.
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b6 doc mai taluy théng thudng duge thist k& 1a 1:2 véi ndn dép va 1:1,5 vdi nén dao.

D€ ting cuding &n dinh ctia mai taluy dao va tao my quan trén tuyén, han ché nudc
muz chdy trin qua taluy xung mat dudng nén ¢ mdi chiy cao mdi ddc 1a 6m s&
thi€t k€ dit cAp rong 1m, phia trong lam rinh hinh thang rong 0,4m xay d4 hoc hay d4
ché bing vita ximang mdc 100 day 20cm. Ranh bién & chan taluy dio c6 dang hinh
thang kich thude rong 1,4m va sdu 0,4m.

Céc doan c6 dd dc ngang chia sudn doc 16n hon 20% phdi ddnh cip trude khi ddp
dat nén dip (ghi chi: Tric ngang va nén dudng néu & trén dude chiing toi st dung
theo cdc s liéu thigt k€ cita mot cong ty t vin),

Riéng tai hai doan tuyé€n tit Km0+450 dén Km0+750 va tr Km2+325 dén Km2+525
do nén ddp trén sudn ddc ¢6 do doc ngang 16n va c6 c¢hd ddp cao t6i 12m (theo thi&t
k& trdc doc cla du 4n) nén d&€ bdo dim ndn ddp Sn dinh va tinh m§ quan cda cong
trinh da thi€t k€ trdc ngang ¢6 twing chin dat o6 cot (terre armeé), va cot dung vii dia
ky thudt (geotextile) vsi do ddc thing ding (taluy 1:0).

Do chi dé etia cudn sich 1a thi€t k& tuyén clothoid nén phan thi€t k& tric doc va
tric ngang nén duding chi dudge thuy&t minh so b ma khong trinh bay chi tiét ndi dung
thi€t k& cdc phin nay.

7.6. DUNG HINH CHIEU PHOI CANH PE KIFM TRA PO BANG PHANG
QUANG HQC CUA TUYEN CLOTHOID THIF T Ki
D€ kiém tra d6 bling phing quang hoc ciia tuy€n trong khdng gian cia doan dudng
cao toc LK-PL dudc thiét ké, bling phudng tién mdy vi tinh vdi viéc sit dung cdc phin
mém nhut Excel, AutoCad ... ta d& dang dyng hinh chi€u phdi canh ciia tuyén duong di
thi€t k& & bt ky diém nhin va bat kv doan nao theo ¥ mudn d€ kiém tra va phdt hién
nhifng doan phdi stta thiét k&

Sau ddy chiing 61 dua ra mdt s6 doan dung hinh chi€u phéi cdnh dé kiém tra theo
cdce thong s3 chung:

- Kich thide mat cit ngang nén dudng (23m)
Botn=(0,75+2,5)+2 x 375 +(1,5)+2%x 3,75 + (2,5 +0,75)

- Di€m nhin cach mép ngoai gidi phan cich & giffa 1a 2m va cao 1,5m.

- Khodng cdch tir di€ém nhin d&n mit phing anh: d, = 100m

- B¢ d& dang ki€m tra ta dung hinh phdi cdnh ¢6 ty 1¢ theo chiéu ngang 1/100: theo
chiéu ditng:1/25 (gdp 4 1in theo 1y 18 theo chidu ngang).

7.6.1. Tai vi tri di€m nhin: Coc C58, Km1+925

Hudng nhin: LK-BL
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Muc dich: d€ ki€m tra hinh 4nh khdng gian doan nay khi thi€t k& dudng cong ding
13i R = 15000m nim vao khodng giifa cda hai dudng cong clothoid k&t hgp khong
dai xing.

Béang 7.11 ghi cdc toa d6 clia binh dd va tric doc dé dung phdi canh va hinh (7.5)
bi&u thi binh d , tric doc va hinh chifu phdi cdnh ciia doan nay.

Bang 7.11
Khoing cich I_flf;lﬁ T:;z: f;l:gc Bé rong
Tén | Tén tr diém nhin chinh canh
di€m| coc
X ¥i Zi 4 Yi1 Zil L, L, Ls

(m}) (m) (m) (cm) | (cm) | (em) | (em) | (cm)
0 C58 0 -2,00 -1,50
1 C3% 25 -2,06 -1,37 4,00 -8,24 | -5,48 | 68,00 | 86,00 92,00
2 C60 50 -2,24 -1,24 2,00 -448 | -2,48 | 34,00 | 43,00 | 46,00
3 C61 100 -2,72 -0,97 1,00 22,72 | 0,97 | 17,00 | 21,50 23,00
4 C63 150 -3,19 -0,72 0,67 213 [ -048 | 11,33 | 14,33 | 15,33
5 Co4 200 -3,32 -0,46 0,50 -1,66 | -0,23 | 8,50 |[10,75] 11,50
6 C66 250 -2,75 -0,21 0,40 -1,10 | -0,08 | 6,80 | 8,60 | 9,20
7 co? 300 -1,17 0,04 0,33 -0,39 | 0,01 567 | 7,17 | 1,67
8 C69 350 1,76 0,28 0,29 0,50 0,08 486 | 6,14 | 6,57
9 Cc70 400 6,40 0,38 0,25 1,60 0,10 425 | 538 | 575
10 C72 450 13,05 0,32 0,22 2,90 0,07 3,78 | 4,78 | 511
11 Cc73 500 22,04 0,09 0,20 4,41 0,02 340 | 430 | 4,60
12 C75 530 33,55 -0,28 0,18 6,10 | -0,05 | 3,09 [ 391 | 4,18
13 76 600 47,16 -0,67 0,17 786 | -0,11 2,83 | 3,58 | 3,83
14 C78 650 62,27 -1,06 0,15 958 | -0,16 | 2,62 | 3,31 | 3,54
15 Cc79 700 78,29 -1,44 0,14 11,18 | -0,21 | 2,43 | 3,07 | 329
16 C8l1 750 93,03 -1,83 0,13 12,67 | 024 | 227 | 2,87 | 3,07
17 C82 800 110,66 {1 -2,21 0,13 13,83 | -0,28 | 2,13 | 2,69 | 2,88
18 84 900 137,92 | -2,99 0,11 15,32 | -0,33 1,89 | 2,39 | 2,56

L, — bé rong mat dudng
L, — bé rong mit dudng + 1€ gia ¢§ hai bén

L, - bé rong mat dudng + 1& gia cd hai bén + 18 d4t urdng ¢4 hai bén.
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Tir bdng 3 1iéu (7.11) va hinh phéi canh (hinh 7.5) cho thdy qua coc C66 sang coc
C67 trd di trén trdce doc cdc toa 46 Z; déu ¢6 gid tri duong. Nghia 12 ké tir sau coc C67
lai xe s& chi nhin thdy d&€n coc cao nhét tai dinh dutng cong ditng C70 (tdc 1a diém 9
trén hinh phdi cinh) ¢6 tri s6 Z 16n nhat (Z = 0,38)va trén hinh phdi canh sau coc C70
(di€m 9) ta s& khdng trong thay hinh inh ti€p theo clla doan dudng .

7.6.2. Tai vi tri di€ém nhin: Coc Hé, Km3+600
Hudng nhin: LK-PL.

Muc dich: Kiém tra hinh dnh cta tuy&n khi xe di vao duding cong I6m R = 12000m
trén tric doc va di trong duting cong két hgp hai clothoid khong d81 xiing trén binh dd.

Céc toa d6 tinh todn dé dung phdi cinh dugc ghi trong bing 7.12,

Bang 7.12
Khodng cach Hé s& Toa db truc A
Ten | Ten tf diém nhin | hi¢u chinh | trén phGi cinh BE 10ng
diém | coc X Vi 2 Y! Z! L, L; L;
dofx; ' '

(m) | (m) | (m) (cm) | (cm) | (em) [ (ecm) | (cm)
0 | H6 | 0 | -200|-1,50
1 IC109| 25 | -5,16 | -1,69 4,00 -20,64 | -6,76 | 68,00 | 86,00 | 92,00
2 |C110| 50 | -7,96 | -1,88 2,00 -1592 | -3,76 | 34,00 | 43,00 | 46,00
3 {CI11| 75 |-10,37| -2.08 1,33 -13,83 | -2,77 | 22,67 | 28,67 | 30,67
4 [C112( 125 [-13,89| -2,46 0,80 -11L11 ¢ -1,97 | 13,60 | 17,20 | 18,40
5 |Cl14] 175 |-15,64 { -2,85 0,57 894 | -1,63 | 9,71 | 12,29 | 13,14
6 |Cl15]| 225 |-15,62| -3,23 0,44 -6,94 | -144 | 756 9,56 | 10,22
7 1C117| 275 |-13.84 | -3,62 0.36 -503 | -132 | 6,18 | 7,82 | 836
8 |Cil8 325 |-10,30| -4,00 | 0,31 3,17 | -1,23 1 523 | 662 | 7,08
9 [Cl120| 375 | -5,00 { -4,39 0,27 -1,33 1 -1,17 | 4,53 573 | 6,13
10 |Cl121( 425 | 2,06 | -4.72 0,24 0,48 -1,11 | 4,00 506 | 541
11 JC123| 475 | 10,86 | -4,86 0,21 2,29 -1,02 | 3,58 453 | 484
12 | CI24| 525 | 21,39 | -4,79 0,19 4,07 -0,91 3,24 4,10 | 4,38
13 |C126] 575 | 33,64 | -4,52 0,17 585 | -0,79 1 296 | 374 | 4,00
14 |C127| 625 | 47,59 | -4,20 0,16 761 | -067 | 2,72 | 344 | 3,68
15 [CI129] 675 | 63,24 | -3,88 0,15 9,37 -0,57 | 2,52 3,19 | 341
16 |CI130| 725 | 80,54 | -3,56 0,14 11,11 | -049 | 234 2,97 | 3,17
17 |C132{ 775 | 99,50 | -3,24 0,13 12,84 | -042 | 2,19 2,77 | 2,97
18 1C1331 825 (120,04 -2,92 0,12 14,55 | -0,35 | 2,06 2,61 | 279

L, - bé rong mit duiing

L; - bé rdng mit duding + 1& gia cb hai bén

L; ~ be rong mat duding + 1& gia ¢d hai bén + 18 dat trdng ¢b hai bén.
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Binh d6, tric doc va hinh chi€u phdi cdnh ¢clia doan nay duge trinh bay trén hinh (7.6)
Tir bang s6 liéu (7.12) cho thiy cdc coc C120, C121, C123, C124, C126 ¢6 céc gid
tri tuyét d6i cda toa dO (Z;) 16n va tai coc C123 ¢6 tri s§ |Z;|=4,86 1a 16n nhit. Coc

nay ng véi diém 10m thap nhdt wén tric doc. Trén hinh phdi canh (hinh 7.6) cho thay
cac coc trén 1ing voi cdc di€m 9, 10, 11, 12, 13 ndi v6i nhau tao thanh chd 1dm khong
biing phing trong khong gian, va cin thi€t phdi sifa.

Ciing trén doan tuyén nay ta s& dung hinh phdi cdnh v4i diém nhin theo chiéu
ngudc lai d€ ki€m tra thém.

7.6.3. Tai vi tri di€m nhin: Coc 141, Km4+675

Huéng nhin: BL-LK
Tai vi tri nay diém nhin cla ngudi 14i xe hudng ngudc lai vé phia coc H6
(Km3+600) va d trén nhanh dudng cong clothoid thit 2, con dudng cong ditng 16m lni
ra phia truSc, trong pham vi clia dudng cong clothoid thid nhat cla dinh DS.
Céc toa do tinh toin dé dung phdi canh dudce ghi trong bang 7.13.

Bang 7.13
Khoing cach . He s{:)' Toa d?_trl_lc B rong
Tén Tén tir di€m nhin hiéu chinh | wén phoi cdnh
diém | coc X; ¥i b2 dx Yil Z} Ly Ly L,

(m) (m) (m) ' (cm) | (cm) | (€m) | (cm) | {cm)
0 Cl141 O 0,00 | -1,50 0,00 0,00 0,00 0,00 | 0,00 | 0,00
1 Cl140 25 050 | -1,66 4,00 2,00 -6,64 | 68,00 | 86,00 | 92,00
2 C139 50 2,71 -1,82 2,00 5,42 -3,64 | 34,00 | 43,00 | 46,00
3 C138 100 627 | -2,14 1,00 6,27 2,14 | 17,00 | 21,50 | 23,00
4 C136 150 8,56 | -2,46 0,67 57N -1,64 | 11,33 | 14,33 § 15,33
5 Cl135 200 948 | 2,78 0,50 4,74 -1,39 8,50 | 10,75 | 11,50
6 C133 250 8,91 -3,10 0,40 3,56 -1,24 6,80 | 8,60 | 9,20
7 C132 300 6,69 | -3,42 0,33 2,23 -1,14 567 | 1,17 | 167
8 C130 350 275 | -3,14 0,29 0,79 -1,07 4,86 | 6,14 | 6,57
9 C129 400 -2,94 | -4,06 0,25 -0,74 -1,01 425 | 5,38 5,75
10 C126 500 |[-19,58 | 4,70 0,20 -3,92 -0,94 3,40 | 4,30 | 4,60
11 Cl123 600 [-43,14 | -5,04 0,17 -1,19 -(,84 2,83 3,58 | 3,83
12 Cl121 650 | -5747| -4,90 0,15 -8,84 -0,75 2,62 | 3,31 3,54
13 C120 700 | -73.49 | -4,57 0,14 -10,50 | -0,65 243 | 307 3,20
14 C118 750 |-91,17| -4,18 0,13 -12,i6 | -0,56 227 1 2,87 3,07
15 C117 8OO [-110,50! -3,80 0,13 -13,81 | -0,47 2,13 | 2,69 | 2,88
16 Cl115 850 |-131,44| 3,41 0,12 -15,46 | -0,40 2,00 | 2,53 2,71
17 Cil4 900 |-153,96f -3,03 0,11 -17,11 | -0,34 1,89 | 2,39 | 2,56

L, — bé rdng mit duding;

L. — bé rong mit dudng + 1€ gia 0 hai bén;
L; — bé rong mit dudng + 1€ gia c& hai bén + 1€ dat trdng c6 hai bén;
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Binh d6 va tréc doc ctia hinh chi€u ph6i cAnh cia doan nay dudc trinh bay trén hinh 7.7.

SG li¢u trong bdng 7.13 ciing cho thdy tai cc coc €126, C123, C121,va C120 trj s&
tuyét doi |Zi‘ 16n nhat 1a tai coc C123 ¢6 'Zi| =5,04 tao nén mét doan khdng biing
phing tudng dng vai cdc didm 10, 11, 12, 13 wén hinh phdi cinh nén cin phai
chinh sifa.

7.6.4. Tai vi tri diém nhin: Coc C216, Km7+125

Hudng nhin: BPL-LK

Muc dich: Kiém tra hinh phdi canh doan dudng l4i xe vira 1én dbc via di vao nhdnh
duong cong clothoid tai dinh D6,

Céc toa d6 tinh todn d€ dyng hinh phéi canh dé dwa vao bang 7.14

Bing 7.14
Khodng cach Heé s& Toa dd truc .
Tén| Ten tir diém nhin hiéu chinh | trén phdi canh Be rong
di€m| coc Xi ¥i z; dJx, Y] Zl L; L, L;

(m) | (m) | (m) (em) | (cm) | (cm) | (em) | (cm)
0 |C216| 0 |-200]-1,50
1 [C215| 25 | -2,00 1 -1,19 4,00 -8,00 | -4,76 | 68,00 | 86,00 | 92,00
2 |C214| 50 |-2,00 | -087 2,00 -4,00 | -1,74 | 34,00 | 43,00 | 46,00
3 |C213| 100 | -2,00 | -0,25 1,00 -2,00 | -0,25 | 17,00 { 21,50 | 23,00
4 [C211| 150 | -2,00 | 0,38 0,67 1,33 ] 025 | 11,33 | 14,33 | 1533
5 [C210| 200 | -1,98 | 1,00 0,50 0,99 | 0,50 | 850 | 10,75 | 11,50
6 [C208| 250 | -1,89 | 1,63 0,40 076 | 065 | 680 | 860 | 9,20
7 {C207| 300 | -1,60 | 2,25 0,33 0,53 | 075 | 567 | 717 | 767
8 |C206{ 350 |-1,00 | 2,88 0,29 0,29 | 082 | 486 | 6,14 | 6,57
9 |C204| 400 | 0,00 | 3,50 0,25 0,00 | 0,88 | 4,25 | 538 | 575
10 | C202| 450 | 1,33 | 4,13 0,22 030 | 092 | 378 | 478 | 5,11
11 [C199| 550 | 5,97 | 538 0,18 109 | 098 | 3,09 | 391 [ 4,18
12 | C198| 600 | 9,39 | 6,01 0,17 1,57 | 1,00 | 2,83 | 358 | 3,83
13 | C196| 650 | 13,65 | 6.63 0,15 2,10 | 1,02 | 262 | 331 | 3,54
14 | C192} 800 {32,55| 851 0,13 407 | 1,06 | 2,03 | 2,69 | 2,88
15 |CI1871 950 | 6247|1039 | 0,11 658 | 1,09 | 1,79 | 226 | 242
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Binh d8, tric doc va hinh chi€u phdi canh dwge dyng hién thi trén hinh 7.8,

T bang s6 lidu hinh 7-8 cho thdy cdc toa d§ Z; ciia tat cd cdc coc déu c6 gia tri
ting din va khong c6 s thay ddi dot ngot. Didu nay thiy rd wén hinh chi€u phéi cinh
tao nén mot doan tuyén khong gian déu dan.

Do binh db 1a cdc dudng cong clothoid két hgp va xe dang chay 1én doc nén 14i xe
¢6 thé thiy 10 ca doan tuyén d phia trudc.

7.6.5. Stta chita doan tuy&n tit Km3+600 d&n Km4+675 trén hinh phdi cinh

Nht chiing ta da thdy rd hai trudng hgp vé hinh chi€u phdi cdnh trén cing mot doan
tuy&n (1t Km3+600 dén Km4+675) déu cho thdy tuy€n khong dat dd bing phing, ém
thudn quang hoc theo cd hai hudng nhin (LK-DL va ngugc lai PL-LK) tai c¢dc coc
C120 dén coc C126 (xem hinh 7.6 va hinh 7.7). Vi vy ching ta can sita chira doan
nay (thco hudng nhin nao cling duge). Cu th€ & day ta chon hinh phdi cédnh dung tai
coc C141 (Km4+675) dé stta chita tuy&n. Tir hinh phdi canh cho thay c6 thé sita chifa
bling cich hiéu chinh trén tric doc. Theo cdc & liéu cdc toa do thuc Z; va toa d§ trén
dnh phoi canh 7! cia cdce coc C126, €123, C121,va C120 ghi trong bang 7.13 trén
man hinh ctia may tinh ta dich chuyén tim dudng & doan ndi 4 coc trén dé ¢6 dude mot
truc dutng ddu din trong khong gian nhin thiy tryc ti€p hinh cia mdy tinh, sau do ta
xdc dinh duge céc gia s hiéu chinh AZ. va tinh duge tri s6 tog do thuc sau khi
hiéu chinh .

Cudi cling, ta tinh lai cao 48 thigt k&€ cla cic coc mdi duge hiéu chinh nay.

$& liéu hiéu chinh (He) cdc toa do cla cdc coc trén dude ghi trong bdng 7.15.

Bang 7.15
AZ; (cm) Zi(m) Cao db
Tén | Tén Hiéu
diém coc Chua | Higu bi Chua ba 58 Chura .
: ” Ppa HC
HC | chink | HC | HC | HC HC

10 C126 | -0.94 0,03 -0,91 -4,7 -4,55 | -0,15 | 1094,79 | 1094,94
11 C123 | -0.84 | 006 | -0,78 | -504 | 468 | -0,36 | 1094,45 1094,81
12 C12t | 0,75 0,05 -0,70 -4.9 -455 | -0,35 | 1094,59 | 1094.94
13 C120 | -0,65 0,03 0,62 | 457 | -434 | -0,23 | 1094,92 | 109515

Hinh chi&u phoi canh cla doan tif Km3+600 dén Kmd4+675 duye nhin theo hudng
ngirge lai. Sau khi hi€u chinh sifa chita dé dat dugc do déu din quang hoc hién thi trén
hinh 7.9,
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7.7. DPANH GIA CHAT LUGNG CUA TUYEN CLOTHOID THIET KE

Boan tuyén tr Km0-Km8 ciia dudng cao téc LK-PL dugc thi€t ké theo phudng
phdp dit tuy€n clothoid da dat duge yéu cdu vé do biing phing quang hoc, déng thoi
bdo ddm phdi hgp duge binh dd twyén véi dia hirh va cinh quan xung quanh.

RS rang, so vdi cdnh thi€t k& theo phuong phép‘ thong thudng thi€t k& doan tuyé&n
nay theo phugng phép tuyén clothoid ta dugc binh d6 tuyén mém mai hon nhi€u, 1am
cho twyé€n udn Wwgn theo didu kién dia hinh va di qua c4c di€m khdng ché mong muén.
Trén hinh 7.10 bi€u thi truc dung trén binh dd ciia doan tuyén trén dugc thi€t k& theo
hai phuong phap khac nhau. Phuong phap thiét k& wyén thdng thudng nhir vin thudng
lam tir trwSc d€n nay ddi véi bat et cAp hang nio cla dudng 6td cho thiy: do thiét k&
¢6 cdc doan thing dii xen k& gifta cdc duBng cong c6 bédn kinh khéng 16n lam cho
tuy€n trd nén “ciing” hon nhidu (xem hinh 7. 10).

D& dénh gid chit luong dd 4n thict k& doan dudng nay theo phuong phap vach
thuyén clothoid ta dp dung cdc tiéu chuin an toan (3 tiéu chudn) cia My va CHLB
Pifc dé ra d€ tinh todn d6i chi€u va tham khio. Céc tidu chudn an toan ndy da duge
chuing tdi gidi thiéu & chuong 6.

Trudc tién, d€ c6 8 liéu so sdnh vi dénh gid ta tinh todn cdc théng s3 sau:

Tinh todn h¢ 50 thay déi dp ngogt ciia duimg cong (CCR,): dugc xac dinh tir cic.
cong thifc 6.1 dén 6.6 (xem chudng 6):

- Tai dinh P1:
2x (2—725 1%602% x63700
CCR,, = X =39,81gon/km
2x275,35621
- Tai dinh P2;
s s 0
CCR,, =L2X 9529 792,29 12x792, = 47,95gon /km
(404,2296 + 235,57 + 582,0907)
- Tat dinh B3:
o
CCR,, = £22916,70 _2x916, =35,34gon/km

(404,5477 +227,5594)
- Tat dinh P4:

206,368 . 466,122
2x632,1059  2x632,1059
(206,368 + 466,122)

f: }63700
CCRS4 =

=50,39gon/km
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- Tai dinh D5:

353,87394 685,79 722,19174
2x14155 ' 14155 ¢ 2x1415.5 |00
CCR,, == 2% ~ =30,35gon / km
(353,87394 + 685,79+ 722,19174)
-Tai dinh D6:

N 965,63099
2x1345
(2x965,63099)

] 63700
CCR, =

=23,08gon /km

2. Xdc dinh tri 56 trung binh ciia hé s8 thay d5i dp ngodt ctia toan dogn (CCR )
Gom sdu duSing cong t3 hgp néi lién sdu dinh. Xic dinh theo cong thitc:

CCR, = —Z—CEC%S'—L— % véi

39,81(2x275,35621) + 47,95(404,2296 + 235,57 + 582, 09)+

A =1+35,340(404,5477 +227,5594) + 50,39(206, 368 + 466, 122} +
+30,35(353,87394 + 685,79 + 722,19 174) +23,08(2x965,63099)
(2x275,35621) +(404,2296 + 235,57 + 582,09) +

B = {+(404,5477+ 227,5594) + (206,368 + 466, 122) +
+(353,87394+ 685,79+ 722,19174) + (2x965,63099)

CCR, = é = -2—3@2’—?2 =34,678 =34, 68gon/km
B 6770,313

3. Xdc dinh higu 56 |CCR,, ~CCR |
Tai dinh Dy: 39,81-34,68=5,13gon /km
Tai dinh Dy: 47,05 - 34,68| = 12,37gon / km
Tai dinh Ds: 35,34 - 34,68] = 0,66g0n /km
Tai dinh Dy: 50,39 - 34,68| = 15, 71gon /km
Tai dinh Ds: [30,35-34,68) = 4,33gon /km
Tai dinh De: [23,08-34,68|=11,6gon /km

4. Xdc dinh higu 56 ICCR CCRsHl‘

Cap dinh D,-Dy: 39,81-47,95| = 8,14gon /km

Cap dinh D-Ds: [47,95 35,34 = 12,61gon /km
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Cap dinh Dy-Dy: [35,34 - 50,39 = 15,05gon /km
Cip dinh D4-Ds: |50,39 - 30,35| = 20,04gon /km
Cip dinh Ds-Dg: 30,35 -23,08 = 7,27gon /km

5. Xéc dinh téc dé khai thdc véi sudt bao dam 85% (V85)

Doan tuyén LK-DL 1 dudng cao tdc loai B ¢6 tdc db thi€t k& Vy=80km/h (theo
TCVNS5729-97) nhung cic cong thife thyc nghiém ctia CHLB bic va cia My (New-
York) chi thi&t 14p vdi cic t8c d6 gi6i han tuong ng 1a 100km/h va 90km/h. Vi viy
ching 8 d3 tinh t8c dd khai thic Vys ting vdi cd hai tudng hdp dé ¢6 s0 liéu tham
khdo. Cu thé nh sau:

a) Tinh Vs theo cong thite cia CHLB Bic ting vdi Vg =100km/h:

V.. = 10°
857 8270 +8,01CCRg
6 6
-Tai dinh D): Vgg = 10 = 10 =116,42km/h
8270+(8,01x39,81) 8588,878
3] 6
- Tai dinh Dy: Vs = 10 19 _i1555m/h
8270+(8,01x47,95) 8654,07
6 6
- Tai dinh D3: Vg = 10 =1 _116,91km/h
8270+ (8,01x35,34)  8553,07
2] . 6
- Tai dinh Dy: Vg = 10 1% _11529km/h
8270+ (8,01x 50,39) 8673,62
6 6
“Tai dinh Ds: Vg = 19 1Y 17.46km/m
8270+(8,01x30,35) 8513,10
6 6
“Tai dinh Dg: Vg5 = 10 10 118,27km/h

8270+ (8,01x23,08) 8454,87
b) Tinh Vgs theo cong thifc cia New York (MY) dng vdi Vy= 90km/h
Vys = 93,85 — 0,05CCR, , km/h
“Tai dinh D: Vs = 93,85 — 0,05 x 39,81 = 91,86 , kmvh
“Tai dinh Dy: Vgs = 93,85 — 0,05 x 47,95 = 91,45 , km/h
“Tai dinh Ds: Vgs = 93,85 — 0,05 x 35,34 = 92,08 , kmvh
“Tai dinh Dy: Vs = 93,85 — 0,05 x 50,39 = 91,33 , kmvh
“Tai dinh Ds: Vys = 93,85 - 0,05 x 30,35 = 92,34 , kuvh
“Tai dinh Dg: Vs = 93,85 — 0,05 x 23,08 = 92,69 , km/h
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6. Xdc dinh tri s6'|AV|=|Vys —Vp|, km/h theo:

Pinh CHLB Bic (V,=100km/h) NewYork (M§) (V4=90km/h)
DI 16,42 km/h 1,86 Km/h

D2 13,55 km/h 1.45 km/h

D3 16,91 km/h 2,08 kivh

D4 15,29 kmvh 1,33 km/h

D35 17,46 km/h 2,34 km/h

Do 18,27 km/h 2,69 km/h

7. Tinh cdc tri s6 hé s6 luc ngang thist k& (fra)vé he 56 luc ngang yéu cdu iing voi
tc dp khai théc Vs (fpa)

Do quy trinh thi€t k& clia Vit Nam (TCVN 4054-05) chi quy dinh tc do thi€t ke
V4 = 80, 100km/h, dong thdi xdc dinh tdc do khai thac Vys chi tinh dude véi e do
thi€t k& V4 =100km/h (theo CHLB Biic) vd V4 = 90km/h (theo New-York — M¥$) nén
ta x€t trudng hop ¥ng vdi Vi = 100 kmv/h dé€ ¢6 s liéu tham khio dinh gid chat lugng
dbng Iuc clia do 4n thict k&,

Doi chi€u TCVN 4054-05 quy dinh vé thi&t k& d6 doc siéu cao (isc) trén dudng cong
theo t0c dO thiét k& V4 = 100km/h ta c:

Binh Ban kinh R(m) le, (%)
D1 800 3
D2 792,29 4
D3 916,7 3
b4 632,10 4
D5 1415,5 2
D6 1345 2

Tir d6 tinh duge cdc tri 5§ clia hé s Iic ngang nhu sau:

Heé s8 luc ngang

Hé s luc ngang yéu cdu

Pinh . .
thiét ké 9fRA ffﬂg vdi Vgs . fDA
2 2
DI 10 03-0,068 116,42" ) 03-0,103
127x800 127x800
2 2
D2 100 5.04=0,059 _M555 6420093
127x792.29 127% 654,07
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2 2
D3 _ 100" 403=0052 _116.90° 53-0,087
127x916.7 127%916.7
2 2
D4 _ 10 h04=0124 _11529° o 4-0125
127x632.10 127x632.10
i 2
D5 _ 1007 .02=0,055 746" 020,056
127x1415.5 127x1415.5
2 2
D6 1007 502200385 L8274 02 20,081
127x1345 127x1345

8. Xdc dinh higu 56 Af = £, —fo, tai 141 cd cde dinh ciia tuyén

K&t qua nhu sau:

- Tai dinh D). Af} = 0,068 - 0,103 = —0,035

- Tai dinh D;. Af; = 0,059 — 0,093 = —(0,034

- Tai dinh Ds. Af3=0,052 - 0,087 = 0,035

- Tai dinh Dy Afy = 0,124 - 0,125 = —0,001

- Tai dinh Ds. Afs = 0,055 - 0,056 = 0,001

- Tai dinh Dg. Afy = 0,039 — 0,081 =-0,042

9. Ddnh gid chdt lgng ciia tuyén clothoid thiét ké

D& danh gid chat lugng ciia dd 4n thiét k& tuyén cao ¢ LK-DL ta sit dungba tiéu
chuiin an toan dude néu & chudng 6.

1. Theo tiéu chudn an toan thit nhdt( xem bang 6.1 § chudng 6):

Tét ¢4 cdc hiéu s [CCR,; ~CCR| tai sdu dinh clia doan tuy&n thiét k& déu c6 tri s
nho hon 180 gon/km

Hiéu s8 |Vgs; — V| duge tinh cho ¢ 6 dinh:

Vi tc do thist k& V4 = 100km/h déu ¢6 tri s6 nhd hon 10 kmvh.

Vdi toc dd thiét ké V3 = 100Km/h déu c6 tri s6 nhd hon 20km/h. Do 8¢ d6 thigt k&
cila dudng cao toc LK-PL 1a V= 80 Km/h nén d5i chiu theo tiéu chuin 1 (xem bing
6.1) tuy€n thi€t k€ roi vao trudng hgp thit nhat: PO an thiét k€ dat chat Iugng ot .

2. Theo tiéu chudn an toan thit hai (Bdng 6.1 & chuong 6):

_Tai c4c dinh tit cd cdc tri s8 tinh duge |[CCR_, — CCR|déu nhd hon 180gon/km

Hiéu s§ |Vys; — V| tai tdt cd céc dinh dd duge néu & trén .
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DG chi€u vdi tiéu chudn an toan thif hai tuyén thigt k& hoin toan dat tiéu chudn
moét db 4n thiét k&' 16t (trudng hgp 1)

3. Theo tiéu chudn an roan thi 3 (bing 6.1 d chuong 6):

Tai tat cd cde dinh ciia tuy&n déu dat CCR, nhé hon 180 gon/km, nghia 12 dat tiéu
chudn thi€t k€ 5t (trudng hgp 1). Con hidu s& luc ngang Af; cia cdc duding cong déu
¢6 tri 86 ndm trong pham vi ~0,04 < Af; <+0,01 dat tidu chudn chdp nhdn duge (rudng
hdp 2 cua tiéu chuidn 3).

Tém lai, tit cd nhitng k&t qua tinh todn & trén sau khi so sanh véi 3 tidu chudn an
toan da cho chiing ta ¢é nhan xét chung nhu sau:

Boan tif Km0 - Km8 cda tuy€n dudng cao t6c LK-DL thigt k& theo phuong phép
vach tuy€n clothoid dé hra chon céc tri s8 ban kinh phit hgp va két hgp cdc dudng
cong clothoid mdt cdch hgp ly, 1a mdt d6 4n thiét k& dat chdt lugng, thod man i ba
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PHUONG PHAP THIET KE
TUYEN CLOTHOID CHO PUONG OTO

Chiu trdach nhiém xudit ban:

BUI HOU HANH
Bién 1dp: TRAN CUONG
Ché bdn: PHAM HONG LE
Stta bdn in: HUY HOANG
Trinkh bay bia: vU BINH MINH

In 1000 cudn khé 19 x 27cm, tai Xwdng in Nha xuat ban Xay dung. Gidy chip nhan dang ki k&
houch xuat ban s& 419-2006/CXB/5-33/XD ngay 20/5/2006. In xong vi nop luu chiéu thing 7/2006.
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