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Tém tit - Bai bdo gidi thiéu mot sé két qua phan tich hé s
dong lyc ciia chuyén vi trong ciu S6ng Han co xét dén sy thay
dbi cua tai trong xe hai truc. Mot hé s6 diéu chinh duge xéc dinh
dua trén cac két qua phan tich Iy thuyét va do dac thuc nghiém
tuong ung voi tbe do xe chay khéc nhau trén cau. Hé sb diéu
chinh nay dugc sir dung dé gitip cho két qua phén tich ly thuyét
gén véi thue té hon. Nghién ctru 1y thuyét dwoc thuc hién trén
mo hinh s v6i loai xe hai truc c6 tai trong thay dbi theo qui luét
phén b6 chuin. Két qua nghién ctru cho théy, hé sb dong luc cua
chuyén vi 16n hon dang ké so v6i qui trinh thiét ké hién nay. Két
qué nghién cru nay 1a tai liéu tham khao giup cho cac ky su co
thém thong tin dé phén tich kiém tra an toan trong qua trinh khai
théc cong trinh ciu.

Tir khéa - Hé sb dong luc; cdu Song Han; tai trong xe hai truc,
mo hinh phan tich so; do dac thuc nghiém; hé s6 diéu chinh.

1. Pit van dé

Bai toan dao dong cua két cau cau chiu tai trong di
dong da duoc quan tAm nghién clru tir gita thé ky 19.
Cong trinh nghién clru sém nhat da dugc cong bd bai R.
Willis [1]. Pén nay, co nhiéu cong trinh nghién ctru cta
C4c tac gia trén thé gidi va trong nudc da duoc cong b
v6i md hinh tuong tac dong luc gilta cong trinh cau va tai
trong xe di dong ngay cang gan v6i thyc t& hon. Hau hét
cac quy trinh thiét ké cau déu co quy dinh mtc d anh
huong cua tai trong xe di dong dén két cau cau thong qua
h¢ s0 dong luc [2, 3]. Cac két qua di cong bd cho thay, hé
so dong luc co sy thay d6i dang ké phu thudc vao loai két
cAu, tai trong va tde do xe chay [4] [11].

Cong trinh cau thuong dao dong manh dudi tic dung
cua hoat tai xe di dong va trong SO Cac tai trong tac dung 1én
cong trinh cau thi tai trong xe rat quan trong. C&c nghién
ctru vé dao dong cua cong trinh cu do tai trong xe di dong
gay ra, thuong xem xét anh hudng cua céc yéu t6 nhu: Thc
d xe chay, tinh trang mat Cau md hinh tai trong, md hinh
két cau cau, tuong tac cta cau v6i nén mong cong trinh. .
Trong do, hoat tai xe la mgt qua trinh dong va co tinh ngau
nhién. Cho dén nay, do tinh phtic tap cua bai toan, tac dong
ngau nhién cta hoat tai trong cac quy trinh thiét ké cong
trinh ciu van chua dugc xem xét mot cach day du, cac

Abstract - The paper introduces some analysis results of dynamic
impact factor by displacement in Han River bridge considered
varies in weight of two-axle vehicle. An adjustment coefficient is
determined based on the results of theoretical analysis and
experimental measurements corresponding to different vehicle
speeds on the bridge. This adjustment coefficient is used to help the
theoretical analysis results closer to reality. The paper shows the
results of research on the model of interaction between cable-stayed
bridge under the effect of 2-axle vehicle load with the weight
changes according to the standard distribution function. The
research results shown that dynamic impact factor of displacement
is significantly larger than the current bridge design codes. The
research results are references enables engineers to analyze more
information check the safety of the process using bridge.

Key words - Dynamic impact factor; Han River bridge; two-
axle vehicle; numerical methods; experimental measurements;
adjustment coefficient.

nghién ctru dao dong cua cong trinh cu chiu tic dong cia
tai trong di dong ngau nhién van con rat han ché.

Bai bao gidi thi¢u mot sO két qua phan tich hé s6 dong
luc ciia chuyén vi trong cau Song Han c0 xét dén su thay
d6i cua tai trong xe bang phuong phap sd va do dac thyc
nghiém. Trong pharn vi cia nghién ctru nay, cac tac gia
xem xét dén sy bién thién cua tai trong theo quy luat phan
bd chuan. Két qua nghién ctru dugc thyc hién trén mo hinh
phén tich s6 ciia cau Song Han - TP Da Néng dudi tac dung
cua tai trong xe hai truc theo mo hinh twong tac dong luc.

2. Mb hinh phan tich twong tic dong luc giira xe — ciu
va phuwong trinh vi phin dao dfng
2.1. M6 hinh phén tich twong tdc giita xe va ciu

Két cau cau day vang (CDV) dwoc mé hinh héa boi
c4c phan tir dim, thap va day treo theo phuong phép phan
ttr hitu han. So dd tai trong xe di chuyén trén cau duoc thé
hién nhu trén Hinh 1.

_ Trong md hinh két cdu dugc xét dén khéi lugng phéan
b(f), hé s6 can, dao dong ngang, dao‘d(f)ng doc truc cua
dam, thap va cac ddy vang. Phan tir dam va thap khi chiu
uon duoc phan tich theo mo hinh Euler-Bernoulli. Phan tir
cap xién dugc phén tich theo m6 hinh bién dang c6 xét toi
do6 cing chéng udn ciia cap. Mo hinh twong tac dong luc
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gitra phe‘:ln tir dam chiu udn va tai trong xe 2 truc di dong
duoc thé hién nhu Hinh 2.

Hinh 1. So do tdi trong xe di chuyén trén cau
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Hinh 2. M6 hinh twong tdc giita xe va phan tir dam
Trong do:

L - chidu dai cua phan tr dam;
Xo - toa d0 trong tam cua xe va hang tru tryc xe;
Xi - toa do cua truc xe thir i tai thoi diém dang xét.

Vi (t=t;) = Xt khi t; <t <ty

1)

s —ti)+[w+vi }.(t—tbi)—xeIf Khit,, <t <ty
_ Xer - khoang céch tur d4u ciu dén dau trai cua phan tu
dam dang xét.
Vi - van tdc cta truc xe thtr i trude khi hdim phanh.
a; - gia toc cua truc xe thi i khi hdm phanh (ai<0).
ti - thoi diém truc xe thir i bat diu vao phan tir dim.
thi - thoi diém truc xe thir i bat ddu ham phanh.
tei - thoi diém truc xe thtr i & diém cudi ciia phan tur.
t - thoi diém dang xét.
~ P=G.sin(Qt+a) - lyc kich thich diéu hoa. Véi Q 1a van
toc goc, a la goc pha ban dau, G 1a bién do.
m - khéi luong cua xe trir khéi lugng ciia cac truc xe,
(m dugc gia thuyét thay doi theo qui luat phan bo chuan).
mi - khéi luong cua truc xe thir i.
Ksi, dsi - d0 clmg va do giam chan cua nhip xe tht i.
kei, O - 40 ctmg va do giam chan cua 16p xe thi i.
s - quing duong xe di chuyén.
¢ - goc quay cua khung xe (rad).
u- chuyén vi tuyét dbi cua khung xe tai khéi tam, toa

do tuyét ddi cua khoi lwong m.
@i - chuyén vi tuyét di cua khung xe tai vi trf truc i.
Ui- chuyén vi tuyét ddi cua truc xe thtr i, toa do tuyét
doi cua khoi lugng m;.
ysi - chuyén vi trong ddi gitra khung va truc xe thi i.
yii - chuyén vi twong ddi gitra truc xe i va phan tir dam.
) h; - khoang cach tinh tir trong tdm cac khéi lwong m;
dén tryuc cia phan tir dam dang xét.

Ty - Iyc ma sat hdm giira 16p xe thtr | voi mat cau.

Wi - chuyén vi ctia phan tir ddm tai vi tri tryc xe thi i.
2.2. Phwong trinh vi phan dao dpng phan tiv dam va tii
trong di dpng

Phuong trinh vi phén dao dong cua phan tir dim va tai
trong xe vict dudi dang ma tran nhu sau:

Me.G+Ce.q+Ke.q= fe )

Trong d6, ¢, 4.9, fe - 1an luot 13 vécto gia tbc, van téc,

| )
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Wi, @1 - DO vong va gbc xoay dau trai clia phan tir dam;

Wy, @2 - DO vBng va goc xoay dau phai ciia phan tir dam;

Me, Ce, K¢ - 1an Iwot 1a ma tran khdi lugng, ma tran
can, ma tran d§ cirng hon hop cua hé:
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Trong d6, My, Cow> Kyw 12 ma tran khéi lugng, ma
tra;m can, ma trin ’d(f) ciing co ban cia phﬁn tt dAm chiu
uon, 6 the tim thay trong tai lidu [12] + [15]. Cac ma trén
va véc to con lai ¢ thé tham khao trong tai liéu [6] va [9].
2.3. Phwong trinh vi phin dao dpng ciia phén ti cdp

Phuong trinh vi phan dao dong cua phan tir cap ciing
tuong tu phuong trinh (2)

Khi d6, Me, Ce, Ke - 14n lwot l‘é ma tran khdi luong, ma
tran can, ma tran do ciing cua phan tir cap.

Vi Ke= Ki + Kn ; Kf ma trdn d9 climg co ban cua phan
tu cap, Kn ma t]‘@n do gl'mg xé:[ deén luc cang va dé vong
cua cap phi tuyén c6 thé tim thay trong tai li¢u [5].

2.4. Xdc dinh hé so dpng luc trong cau do hoat tii
Hé sb dong luc (1+IM) duoc xac dinh theo cong thure (5):

1+ M) = >4 (5)
St
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’Trong do, Sq - gia tri chuyén vi hodc noi luc déng 16n
nhat do tai trong xe di dong gy ra; St - gid tri chuyén vi
hodc ndi lyc tinh 16n nhat do tai trong xe di dong gy ra

3. Phan tich hé s6 dong lwc ciia cAu S6ng Han
3.1. M hinh két céu, tdi trong va cdc sé liéu co bin
Roi rac két ciu CDV thanh hé dam cimg, thap cau va
cac day vang. Trong do, thap cau la tap hop hitu han céac
phén tir ddm co ban chiu nén uon Day vang la tp hop hiru
han cac phan tir cap chiu kéo uén. Dam cing 1a tap hop
hiru han cac phéan tir ddm tuong tic véi tai trong xe hai truc.
So. dd cau séng Han thanh phérDé Nang nhu Hinh 3,
bao gdm 2 nhip chinh 2x60.5m két cau day vang. Phan
ket cau cau day vang co thé quay quanh try chinh dé dong
mé cho tau thuyén qua lai.

r
i <7 1121 L s k¥ R

Hinh 3. Sod6 cdu S6ng Han
Céc tham sb co ban ctia cAu nhu sau: E= 2,1.107 T/m?,
Ja= 0,0048 m*, Fg= 0,045 m?, pF4=4,068 T/m, J»n=0,0063
m*, Fs= 0,068 m*, pFy=0,53 T/m, 6=0,027 (hé s6 ma sat
trong), B=0,01 (h¢ s6 ma sat ngoai), 9 cap diy cap tinh tir

theo cong th}’rc (6) dya trén mot sb két qufi do dac thuc
nghiém va két qua phan tich trén mo hinh s6 tuwong {rg:

_ 1+ IM),
Py, ©

Trong d6, P la hé sé diéu chinh, (1+IM).7 1a hé sb
dong luc theo 1y thuyét, (1+IM)rr 1a hé s6 dong luc theo
do dac thyc nghiém.

Két qua phan tich 1y thuyét va do dac hé s dong luc
(1+IM) khi véan téc xe chay trong khoang 20km/h dén
35km/h trén cau Séng Han dugc thé hién trén Hinh 4 va
Béng 2. Puong xu hudng ciia hé sé dong luc (1+IM) ting
khi vén téc xe chay ting.

1.400

1.300

L1 T R e
1.100

1.000

Hé sa dang luc (1+1M)

____________________________________________________

0.900

0.800

15 20 25 30 35 40
Van tdc xe chay (km/h)

Hinh 4. Hé s6 dong luc tai cdc vi tri do khi xe chay véi
v=20-35km/h
Bidng 2. H¢ 56 dong luc t{zeo ly Zhuyét va do dac thuc nghiém
cau Song Han

ngoai vao trong co tiét dién 9,8, 1,6, 12,6, 16,8, 16,8, Téc dd | Heésb (1+IM) | Heé sb (1+IM) | Sai khéc gitra ly
12,6,12,6,9,8, 9,8 cm?. xe chay | trung binh theo | trung binh theo | thuyet va thuc
o : 2 SONPS
Xe di dong 13 loai xe IFA-L60 c6 hai truc, c6 céc tham |~ KM | thuenghiem | 1 thuyét | nghi¢m (%)
s6 co ban duoc thé hién trén Bang 1. 20 1,042 1,10 5.4
Bing 1. Cdc tham sé kj thudt ciia xe IFA-L60 25 1,083 113 3.9
TT Tham sé Ky | Pon Loai xe 30 1144 1,22 6.5
hica | i | A -L60 35 1,195 129 68
1 | Khéi luong toan b xe (ke ca m | kG 10560 Néu tinh trung binh chung cho tat ca cac diém do, voi
hang chat len xe) tbe @6 tir 20 km/h dén 35 km/h theo 1y thuyét va do dac
2 Kl,ménfz Céﬁh tryc trrée va sau 1 m 3.25 thuc nghiém, két qua theo 1y thuyét cao hon do dac thuc
Cac’ .tham 50 cua truc trugce nghiém 5.65%
3 | Khéi lwong toan bd m' | kG 3068 ; ’ ’ L
4 Khbi lwong thing va hang mTy kG 3013 Ta xac dinh dugc hé s6 diéu chinh B =0,9435.
S| Khoi luons trye mh | kG 551 3.3, Xac dinh hé sé dgng lwe (1+IM) ciia céu Song Han
6 Hé 56 d6 cuing cia nhip xe kT3 | N/m 302000 . y ° ‘
7 | Ha s do cimg ciia 16p xe kT, | N/m 1200000 Tién hanh phan tich dao déng CDV Sﬁng Han duéi
8 | Ha sb giam chén cuia nhip xe dT; | Ns/m 7344 tac dong cua xe IFA-L60 o tai trong (khoi lwong m cia
9 | Hé 56 giam chan ciia 1op xe d% | Ns/m 4000 | toan bo xe) thay doi ngdu nhién trong pham vi tir 1 dén 2
Céc tham 50 ciia truc sau : lan gid tri ghi trong Bang 1, két qua hé so dong luc trong
10 | Khoi lugng todn bo_ m® | kG 7492 | két chu cau Song Han nhu Bang 3 va Hinh 5+13
11 | Khoi lwong thing va hang md; | kG 7385
12 | Khéi lwone true m% | kG 107 Bing 3. Hé s6 dong liee ciia chuyén vi do xe IFA-L60 gay ra
13 | Héso dé ciing cia ll’hip Xe k% | N/m 2000000 - T oML M
14 | Ha s6 dé cimg cia lép xe kS | N/m | 2600000 Bac g :
15 | Hé sb giam chin ciia nhip xe a5, | Ns/m 31672 ngaunhién | snys | qomss | 15ms | Smis | 10mis | 15mis | 5mis | 10mis | 15mis
16 | Hé s6 giam chén ctia 16p xe dS; | Ns/m 8000 Giatimn | 093 | 088 | 082 | 0.91| 089 | 086 | 092 | 0.84 | 081

3.2. Xdc dinh h¢ s6 diéu chinh

Théng thuong két qua phén tich ly thuyét va thyc
nghiém c6 su chénh 1éch, d€ ap dung cac m6 hinh s6 xac
dinh hé qsé dong ‘luc cua chuyén vi do tai trong xe thay doi
di chuyén trén cau, cac tac gia xac dinh hé s6 di¢u chinh

Giatrimax | 126 | 164 | 194 | 146 | 157 | 176 | 140 | 180 | 203

Ky vong 110 | 126 | 138 | 118 | 123 | 131 | 116 | 132 | 142
Kyvong™@ | 104 | 120 | 131 | 112 | 147 | 124 | 110 125 | 135

D6 léch 010 | 022 | 033 | 016 020 | 026 | 014 | 028 | 036
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Hinh 5. Mdt d@é phdn bé (1+IM) ciia chuyén vi Ux,
do xe IFA L60, v=5m/s
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Hinh 7. Mdt d¢ phdn bé (1+IM) ciia chuyén vi Us,
do xe IFA L60, v=5m/s
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Hinh 8. Mdt dg phdn bé (1+IM) ciia chuyén vi U,
do xe IFA L60, v=10m/s
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Hinh 9. Mdt dg phdn b6 (1+IM) cia chuyén vi Uy,
do xe IFA L60, v=10m/s
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Hinh 10. Mdt dg phén bé (1+IM) ciia chuyén vi Us,
do xe IFA L60, v=10m/s
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Hinh 11. Mt dg phdn bé (1+IM) ciia chuyén vi Uy,
do xe IFA L60, v=15m/s
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Hinh 12. Mt dg phéan bé (1+IM) ciia chuyén vi Uy,
do xe IFA L60, v=15m/s
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Hinh 13. Mdt dg phdn b6 (1+IM) ciia chuyén vi Uz,
do xe IFA L60, v=15m/s

Trong pham vi nghién ctru véi mién van toc xe chay

4. Két luan

5m/s + 15m/s, két qua phan tich hé s§ dong luc (1+IM)7r
trong két ciu cau Séng Han c6 xu hudng ting khi van toc
xe chay tang. So vdi tiéu chuan 22TCN 272-05 [3] gié tri
cuc dai duoc tim thay khé 16n, diéu nay can luu y dé phén
tich kiém tra an toan trong qua trinh khai thac cong trinh
cau Séng Han.

Bai bao gidi thiéu mot sé két qua phan tich hé s6 dong

lyc cta chuyén vi trong Song Han c6 xét dén sy thay doi
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clia tai trong xe. Hé sd diéu chinh B dua trén két qua phan
tich 1y thuyét két hop voi do dac thuc nghiém dugc ap
dung dé xac dinh h¢ s6 dong lyuc tinh toan (1+IM)r7 thong
qua hé s0 dong lyc (1+IM)Lr duoc phan tich tong thé md
hinh s6 ctia cau trén may tinh véi tai trong thay doi.

Két qua phén tich cho thiy, hé s dong lyc (1+IM) clia
cau Song Han theo 1y thuyét va thyc nghiém c6 xu hudng
tang khi tbc d6 ting trong pham vi khai thac va c6 mot sb
gi4 tri 16n hon gia tri dwoc quy dinh trong tiéu chuan
22TCN 272-05 [3]. Do véy, can luu y khi phan tich kiém
tra an toan trong qua trinh khai thac cong trinh cau Séng
Han thanh phd Pa Ning.
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