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Cau treo day vong thuée !'0:’3! cau 6 kién tric dep Vi kha nang vuot nhip Ion. Ty 16 chiéu dai nhip
la mot rrong nhing yéu té chinh fao nén nét ddc trung riéng cho céu treo day vong nhiéu nhip. Khi ty Ié
ch;eu-'da.' nh:p rhay déi tfn sv phah bo néi lue gita céc bo pha n két cau $é thay doi. No&i dung bai bdo tap

L s phén b6 noi f;zt: rrong céu treo da yi vong a‘hong '

 The suspension bridge belongs to beaum'u! brfdges which have very long span The span !engrh rate
is one of the main factors makmg spec:af feature of the severar' spans suspension bridge. When the span
length rate changes, how the internal force distribution will change Therefore, by ana!yzmg and compari-
sion the calc:ufaﬂng results obramea' from calculating models of two suspension bﬂdges the affect of the

change of the span fengrh rate r‘o {7 :e:fntema{ force dfsrnbutzon JS shown in this article.

1. PHAN MO PAU

Nhiéu yé&u t& anh hudng dén su phan bé ndi luc
trong cau treo day vong nhu: so dé bé tri va chidu dai
nhip, ciu tao dam chinh, s8 lugng day treo, chiéu cao
thap cau... Trong dé, ty 1& chiéu dai nhip truc tiép anh
hudng chiéu dai cla cap chl, kéo theo sy thay ddi noi
lyc va bién dang clia toan hé két cau (ddm chinh, day
treo, tru thap...).

Nham muc dich hiéu r6 hon anh hudng clia su
thay ddi ty 18 chidu dai nhip dén phan bd ndi luc trong
céu treo day vong, ndi dung bai bao phan tich va so
sanh két qua tinh toan ndi luc hai cau treo day vong
vdi ty & chidu dai nhip khdc nhau duge mé hinh nho
phan mém MIDAS/Civil.

2. GIO1 THIEU CAU TREO DAY VONG

Cau treo day vong la loai cAu trong do bd phan
chiu lyc chinh Ia day cép, do dé n6 ¢é thé st dung toi
da kha nang chiu kéo clia cac loai thép soi cudng do
cao. Do uu diém nay nén cau treo day vong vuot
duoc khau dd rat Idn méa cac loai két cau khac khéng

lam dugc ké ca cAu day véang. Cau treo day vong
dugc coi la loai cau dep, nhe va chiu luc tét, duoc ap
dung phé bién trén thé gidi cho cac cau nhip Ion.

Hién nay, 20 céu c6 nhip chinh I&n nhat trén thé
giéi déu cé dang cdu treo day vong. Cau Akashi
Kaikyo - Nhat Ban (Hinh 1) dat ky luc thé gidi vé chiéu
dai nhip chinh L = 1.997m. Vé phuong dién tham my,
mot s6 cAu trd thanh bidu tugng clia viing hay quéc
gia nhu cau Golden Gate - My, cau Tsing Ma - Héng
Kéng, cau JangYin tai Trung Quéc...

Tai Viét Nam két cAu cau treo dugc ap dung tur
gilta ndm 1965 nham dam bao giao théng trong cudc
chién tranh chdn g My nhu cau Vinh Tuy (Ha Giang),
Doan V§ (Mam Ha)nam 1965 - 1968, cau Doan Hing
(Phu Tho) khdu d6 104m nam 1966...[1]. Dén nay, voi
trinh dd ky thuat ngay cang dugc cai tién clng véi
viéc chuyén giao cong nghé tir nudc ngoai, cau treo
day vong voi quy mé 16n hon da dugc nghién clu va
tung budc dua vao Ung dung nhu ciu treo Thuan
Phudc (Hinh 2) tai Da Nang.
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Hinh 2. Phéi canh cau Thuén Phude

3. CHON CHIEU DAI NHIP

Théng thudng cau treo day vong duoc thiét ké véi
khoéng chiéu dai nhip hop i 1 500 - 2000 m. V4i uu
thé vugt nhip 16n, cau treo day vong la mét lya chon
t3i wu dé gidm bot khdi luong méng sau. Tuy nhién
gia thanh xay dung ké&t cdu bén trén ciu cling anh
hudng nhiéu dén chiéu dai nhip, tinh khéng théng
thuyén ciing 1a mot yéu 6 quyét dinh dén chiéu dai
nhip gidi han clia cau.

Mat khac, gia tri ndi luc va bién dang cla cac két
cau trong cau treo day vang nhu: tru thap, cap chi,
dam ch..., cling thay déi theo chiéu dai nhip. Do d6
viéc bé tri chidu dai nhip doi hdi phai dam bao vé kinh
t& va ki thuat.

Chiéu dai nhip chinh Ly, chiéu dai nhip bién L, va
ty 18 L/L, clia mét s6 cau treo day vong dang khai
thac dugc thdng ké trong Bang 1. S8 ligu cho thay ty
s8 L4/L, thay ddi trong pham vi 0,174 ~ 0,510. Vay
khi t 1& chiéu dai nhip thay déi thi sut phan b6 ndi lyc
trong cau treo day vong sé thay déi nhu thé nao?

Bang 1. Ty Ié chigu dai nhip mot s6 cau day vong

Nhip | Nhip
STT Tén cau Quéc gia | Chinh | Bién | Li/L,
Lo (m) | Ly(m)
1 | Triborough My 4209 | 2148 | 0,510
2 | Akashi Kaikyo NhatBan | 1991 [ 960 | 0,482
3 | Mackinac Straits My 1158,2 | 548,6 | 0,474
4 | Forth Road Anh 1007 | 408 | 0,405
5 [Kwang Ahn Great  |Han Qudc | 500 | 200 | 0,400
6 | Angostura Venezula 712 280 | 0,393
7 |Ohnaruto NhatBan | 876 | 330 | 0,377
8 | Great Belt East Pan Mach | 1624 | 535 | 0,329
9 [Bronx - Whitestone | My 701 224 | 0,320
10 | Severn Anh 9876 | 304,8 | 0,309
11 | Verrazano Narrows | My 1298,5 | 370,3 | 0,287
12 | Pierre Laporte Canada 667,5 | 186,5 | 0,279
13 | Kita Bisan-Seto Nhat Ban 990 274 | 0,276
14 | Golden Gate My 1280 | 343 | 0,268
15 | Thudn Phuoc Viet Nam 405 120 | 0,296
16 | Minami Bisan - Seto [NhatBan | 1100 | 274 | 0,249
17 | Shimotsui - Seto Nhat Ban 940 230 | 0,245
18 | Rainbow NhatBan | 570 | 114 | 0,200
19 | Matadi Congo 520 91 0,175
20 | George Washinton | My 1066,8| 186 | 0,174

4. CAC TRUONG HOP NGHIEN cUU

Anh hudng ty 18 chiu dai nhip d&n phan bé ni luc
trong cAu treo day vong dugc nghién cliu théng qua
viéc phan tich md hinh cau treo day véng ba nhip vdi
chiéu dai hai nhip bién bing nhau. Khé ngang cau
S = 17m, b tri hai mat phéng day, cac day treo théng
dimg va song song. Xét hai trudng hop voi chiéu dai
nhip chinh khéng d6i la L, = 400m, chiéu dai nhip
bién L, |an luot 1a 125m va 175m (Hinh 3) (mg véi ty
l& chidu dai nhip L /Ly = 125/400 = 0,3125va L/, =
175/400 = 0,4375

Tru thap dang khung cimg hinh ch@ H cao 40m
(tinh ttr ban mat cau), c6 bé tri ba gidng ngang tai vi
tri cach dinh tru thap 1,25m, vj tri gitta dinh try thap
va ban mat clu, vi tri ban méat cau. Trong ca hai
trudng hop xét tinh khong thdng thuyén khéng déi.
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Hinh 3. So dé hai truéng hop nghién ciu
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Cac két cdu chinh nhu dam chi (DC), tru thap

Bang 3. Noi lue trong dam chti do tinh tai

(TT), cap chi (CC), day treo (DT), clia md hinh co Truong hop [ TH1 [ TH2 [ TH2/TH
nhing théng so6 ki thuat co ban nhu méduyn dan héi M6 men uén My [kN.m|
E [kN/m7’}, khai luong riéng g [kN/m°}; dién tich tiét dién  [M,,, nhip bien 3101 | 3378 1,09
A [nP} md ment quan tinh quay quanh truc x /, /m?], truc M5, Nhip chinh 3496 | 3544 1,01
y 1, [m]va truc z 1, [m*] dugc trinh bay trong Bang 2. Luc cat Fz [kN]
’ b Ty 7 T
Bang 2. Théng sé ky thuat co ban B P21 e 192 12
Fzmax NHip chinh 203 201 0,99
DC 1T cec DT Lue doc truc Fx [kN]
E| 21xi0? 2,2x10° 2,0x10° 1,4x10° Fxmax Nhip bién 82 216 2,63
Y 785 785 82,5 78,5 Fimax NHip chinh 104 | 102 0,98
A 0,5395 0,16906 0,04178 0,00209 Rt FE Bt s
= 04399 0.1540 5 0 ang : f;: ue trong dam chu do hoat tai tai 1z L,
v S5 e 5 7 Truéng hop i | MTH1 | TH2 | TH2/TH1
[ o 7 Mo men uén My [kN.m]
z| 82667 0.1 0 v M, nhip bign 6352 | 6449 1,05
Trong ¢a hai trudng hop nghién ctu, cap chli duoc | Mmax 1fip chinh . -200 217
bé tri sao cho khodng cach gilra cap chii va ban mat e kol L |
2 T T ¥ = .3 Zmayx NNIP DiEN 77 -48 0,63
tai vi trf gitra nhip khéng th : s s
A g G ® d hpao Fzmay DRip chinh 48 14 0,29
Biéu kién bién dugc xem xét nhu nhau trong ca Luc doc truc Fx [kN]
hai trudng hop. F e, NI BiEN 13 73 175
Véi muc dieh nghién ciru, bai bao xem xét cac | Fumax hip chinh 16 35 2,19

truong hop tai trong bao gém finh tai két cau nhip; tai
trong tap trung F = 450kN tac dung |én két ciu nhip
Ian luot tai ba vi tri (gia nhip bién, % va % nhip gita).

Phan mém MIDAS/Civil c6 giao dién than thién,
dé st dung, da dugc (mg dung tinh toan cho nhiéu
cbng trinh trén thé gidi [3], [5], [6], [7] va cho cau
Thuén Phudc - cAu treo day vong dau tién & Viét Nam
[4], vi vay tac gid dung chuong trinh MIDAS/Civil dé
phan tich tinh toan.

4. BAN LUAN KET QUA TiNH TOAN

N6i dung bai bao khong dé cap dén viéc phan tich
ddng luc hoc cdng trinh, 8n dinh t8ng thé clia két cau
cling nhu kiém toan (ing sudt trong cac tiét dién. Noi
dung chi so sanh ndi Iuc xuat hién trong két cau dudi
tac dung cta tai trong ban théan, luc tap trung tai ba vj
tri xem xét. Théng qua viéc phén tich so sanh dé thay
duoc anh hudng clia sy thay ddi ty 1& chiéu dai nhip
dén sy phan bd ndi lyc trong két cau cau treo day
vong. Truong hop 1 (TH1): chiéu dai nhip bién
L, = 125m (ng v6i ty 1& chiéu dai nhip bing 0,3125,
Truéng hop 2 (TH2): chiéu dai nhip bién L, = 175m
(tng vdi ty 18 chiéu dai nhip bang 0,4375.

K&t qua ndi luc trong dam chl dugc xem xét bdi
gia tri I6n nhat & nhip chinh va nhip bién. K&t qué noi
luc trong dam chi do tinh tai dugc trinh bay trong
Béng 3, do hoat tai dugc trinh bay trong Bang 4 ~ 6.

Bang 5. N§j lue trong dam chu do hoat tai tai % L,

Trudng hop | THT | TH2 [ TH2/TH1
Mé men uén My [kN.m]
Mpax Nhip bién -734 797 1,09
Mopa, Nhip chinh 5723 5807 1,01
Luc cat Fz [kN]
F zmax NIp bién 32 34 1,06
Famax NHIp chinh -3 -22 0,96
Lue doc true Fx [kN]
Fnax MNIP DIEN 1,1 -33 3,00
F max NNIp chinh 10,5 89 0,85

Bang 6. Ngi lue trong dam chu do hoat tdi tai % L,

Truonghop |  THT [ TH2 | TH2/TH1 |
M6 men uén My [kN.mj]
Muay NHIp biéN -992 1077 1,09
M, NDip chinh 5375 5497 1,02
Luc cat Fz [kN]
F zmsx NHIp Dién 43 46 1,08
Famax NHip chinh 34 31 0,91
Lue doc true Fx [kN]
Fomax NI DIEN 15 45 3,00
Fymax NHip chinh -10,5 -12,5 1,19

So sanh két qua trong Bang 3 ~ 6 nhan thay khi
tang ty 1& chigu dai nhip 1&n 1,4 1&n thi néi luc trong
dam chi thay d6i nhu sau:

= Dudi téc dung cua tinh tai: Mémen 16n nhét &
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nhip bién va nhip chinh déu tang. Tuy nhién mic do gia
tang gia tri momen & nhip chinh (khodng 1%) ¢ loi hon
@ nhip bién (khodng 9%). Luc cét I6n nhat & nhip bién
ting khoang 20%, & nhip chinh gia tri luc cat I6n nhat
giam khéng dang ké (khoang 1%). Luc doc truc Ién nhat
& nhip bién tang hon 2,6 1an nhung & nhip chinh gia tri
lye doc truc 16n nhat giam khéng dang k& (khoang 2%).

Nhu vay dudi tac dung tinh tai, ndi luc xuat hién
trong dam cht & nhip bién tang theo chiéu hudng bat
loi hon so vai & nhip chinh.

=  Dudi tdc dung cua hoat taj: Gia tri momen Ion
nhat & nhip bién va nhip chinh déu ting. Khi hoat tai
tac dung @ nhip bién, gia tri momen & nhip chinh ting
hon 2 1an, trong khi @6 & nhip bién chi tang thém 5%;
khi hoat tai tac dung & nhip chinh, gia tri momen &
nhip bién tang khoang 9%, con @ nhip chinh tang 1 ~
2 %. Luc cat I6n nhat & nhip bién va nhip chinh déu
+ giam khi hoat tai tac dung & nhip bién, tuy nhién & nhip
chinh gia trj luc c&t gidm c6 lgi hon so véi & nhip bién.
Khi hoat tai tac dung & nhip chinh, luc cét Ién nhét &
nhip bién tng, & nhip chinh giam, nhung mirc dé tang
giam khéng 16n (nhd hon 10%). Luc doc 16n nhat &
nhip bién va nhip chinh déu tang khi hoat tai tac dung
@ nhip bién, luc doc & nhip bién c6 gia tri Ion hon
nhung mirc dé thay déi nhd hon so véi & nhip chinh.
Khi hoat tai tdc dung & nhip chinh, gia tri luc doc 16n
nhat ¢ nhip bién tang khoang 3 lan, & nhip chinh luc
doc gidm khi tai dat tai % nhip chinh va tang khi tai dat
tai ¥z nhip chinh gia tri luc doc & nhip bién nhd hon
nhung mic do thay déi 16n hon so véi & nhip chinh.

K&t qua ndi lyc xuat hién trong mot nhanh cua try
thap duoc xem xét tai 4 mat cét: tai vi tri giang ngang
1 (céch dinh tru thép 1,25m) - VT1, tai vi tri giang
ngang 2 (cdch dinh tru thap 20m) - VT2, tai ban mat
cau - VT3 va tai chan tru thap - VT4. Két qua ndi luc
xuat hién trong mét nhanh tru thap tai nhitg vi tri
xem xét dugc trinh bay trong Bang 7 ~ 10.

Bang 7. Ngi lue trong nhéanh tru thap do tinh tal

Bang 8. N§i lue trong nhéanh tru thap do téi tai % L

n Vi tri mat cat
g e VT2 Via | Vi
M6 men uén My [kN.m]
TH1 -18 -284 -509 -623
TH2 -41 -643 -1157 -1606
TH2/TH1 2,28 2,26 2,27 2,58
Luc cat Fz [kN]
TH1 6 6 o 5.7
TH2 15 15 15 15
TH2/TH1 2,50 2,50 2,63 2,63
Luc doc truc Fx [kN]
TH1 -105 -105 -127 -127
TH2 -130 -130 -136 -136
TH2/TH1 1,24 1,24 1,07 1,07
Bdng 9. Noi lue trong nhénh tru thap do t4i tai % L,
g Vi tri mat cat
TN hPI—y/—T viz | vis | Vi
M6 men uén My [kN.m]
TH1 7 115 206 277
THe 15 242 435 599
TH2/TH1 2,14 2,10 2,1 2,16
Lue cat Fz [kN]
TH1 2,5 -2,5 21 2,1
TH2 5,5 -5,5 -5,3 5,3
TH2/TH1 2,20 2,20 2,52 2,52
Lue doc truc Fx [kN]
TH1 -280 -290 -271 -271
TH2 -253 -253 © =236 -236
TH2/TH1 0,87 0,87 0,87 0,87

Bang 10. Néi lue trong nhéanh tru thap do tai tai % L,

T Vi tri mat cat

PN | VT2 Vi3 | Vi4

Mé men uén My [kN.m]
TH1 10 156 280 372
TH2 21 328 590 809
TH2/TH1 2,10 2,10 21 217
Luc cat Fz [kN]
TH1 -3,3 -3,3 2,8 2,8
TH2 -7.5 -7.5 7,0 -7.0
TH2TH1 2,27 2,27 2,50 2,50
Luc doc truc Fx [kN]

TH1 -283 -283 -250 -250
TH2 -232 -232 -202 -202
THZ/TH1 0,82 0,82 0,81 0,81

) Vi tri mat cat
WEMMR I Vi2 | via | Via
Mo men uon My [kN.m]
TH1 120 1893 3392 4743
TH2 124 1957 3521 4954
TH2/TH1 1,03 1,03 1,04 1,04
Luc cat Fz [kN]
TH1 -40 -40 -43 -43
TH2 -44 -44 -47 -47
TH2/TH1 1,10 1,10 1,09 1,09
Luc doc truc Fx [kN]

TH1 -10081 -10375 -10854 -11146
TH2 -9605 -0854 -10378 -10670
TH2/TH1 0,95 0,95 0,96 0,96

So sanh két qua trong Bang 7 ~ 10 nhan thay khi
tang ty 1& chidu dai nhip 1&n 1,4 1an thi ndi luc xuét
hién trong nhanh cla tru thap thay déi nhu sau:

=  Dudi tdc dung cua tinh tai: Mémen tai cac méat
cét xem xét tang tr 3 ~ 4 %, lyc cat ting 9 ~ 10 %,
luc doc truc gidam 4 ~ 5 %.

= Dudi tic dung cia hoat tai: Mémen tai cac mét
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cat xem xét clia nhanh tru thap tang hon 2 1an, mirc
do gia tang gia tri momen khi tai dat trén nhip bién
(2,26 ~ 2,58 14n) 16n hon khi tai dat trén nhip chinh
(2,10 ~ 2,17 I4n) va trong mdi trudng hop dat tai gia
tri momen tang nhiéu nhat tai chan tru thap. Tuang tu
nhu momen, gid trj luc cét tai cac mét cat xem xét khi
tai tac dung trén nhip bién tang tir 2,5 ~ 2,63 lan va
tang tr 2,2 ~ 2,5 1an khi tai tac dung trén nhip chinh,
gia tri luc cat tang nhidu nhat tai ban mat ciu va chan
tru thap. Luc doc tang khi tai tac dung trén nhip bién
(1,07 ~ 1,24 I4n), tai cac giang ngang gia tri luc nén
doc t&ing bat lgi nhat; khi tai tac dung trén nhip chinh,
luc nén doc tai cadc mat cat xem xét gidm gan nhu
nhau (13~ 19 %).

Nhu vay, trong trudng hop tinh tai hodc hoat tai
tac dung trén nhip chinh néu tang ty 1& chiéu dai nhip
thi ¢6 loi vé luc nén doc trong tru thap.

Két qua luc kéo doc xudt hién trong cap chi tai vi
tri m& neo va dinh tru thap do tinh tai va hoat tai dugc
trinh bay trong Bang 11.

Bang 11. Noi lue trong cdp chi

. Trudng hop tai
Triang bR [, 2 QPTML,, AL,
Lue doc frong cap chu tai vi tri dinh try thap [kN]
TH1 13595 73 366 467
TH2 13399 118 339 425
TH2/TH1 0,98 1,63 0,93 0,91
Luc doc trong cap chu fai vi tri mé neo [kN]
TH1 12750 31 339 457
TH2 12418 65 298 405
TH2/TH1 0,97 2,10 0,88 0,89

Sau khi so sanh két qua trong Bang 77 nhan thay
khi tang ty |& chiéu dai nhip 1&n 1,4 14n thi luc doc truc
xudt hién trong cap cha thay ddi nhu sau:

Luc kéo doc trong cap chu giam dudi tac dung
cua tihh tai (12 ~ 3 %).

= 1 Khi hoat tai tac dung & nhip bién, lyc kéo trong
hii tai mé neo va dinh try thap tang tr 1,6 ~ 2,1
an; tdi m& neo gia tri luc kéo tang bat loi hon; khi hoat
dung & nhip chinh, luc kéo giam tir 9 ~ 12 %
d6, khi tang ty 1& chiéu dai nhip dudi tdc dung
ihh tai hodc hoat tai dat trén nhip chinh thi cd loi
vé lyc kéo trong céap chul.

5. KET LUAN

Ty Ié chiéu dai nhip thay ddi kéo theo su phan bd

ndi luc trong toan hé két cdu cdu treo day vong sé
thay d&i. Qua hai trudng hop xem xét cé thé nhan xét
céu cb ty 1& chiu dai nhip cang I6n thi tinh tai gay ra
ndi luc trong dam chd, mdmen udn va luc cét trong tru
thap cang bat lgi, riéng luc nén doc trong tru thap va
luc kéo trong cap chi giam. Khi hoat tai tac dung trén
nhip bién, momen uén, lyc doc trong dam ch, ndi luc
tru thap va cap chu déu bat loi, tuy nhién Iuc cét trong
dam chd gidm ¢ loi. Khi hoat tai tac dung trén nhip
chinh chi ¢6 lgi vé luc nén doc ctia tru thap va luc kéo
trong cép chu.

Khi thiét k& cau treo day vong, do hoat tai thudng
chiém ty 1& nhd hon nhiéu so véi tinh tai cho nén wu
tién phuong an véi ty 1& chidu dai nhip nhd hon khi xét
vé phuong dién chiu lyc cla két cdu. Tuy nhién can
xem xét d&n kha nang tang tiét dién cla céap chd va
8n dinh udn doc clia tru thap, d%c biét 1a kha nang thi
céng nhip chinh dai nham dam bao tinh kha thi va
kinh té Q
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