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Effect of tower height asymmetry on internal force distribution in main girder of

suspension bridge
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TGM TAT

C4u treo day viing |a dang ket céu siéu tinh bac cao, cd tinh tham
my vé kién tric va khé nang vuot nhip lan. Trong céu treo day
viing thi ddm cha, tru thap, cap chi, céap treo a nhing két céu
chiu lyc chinh. Trong cdu treo day ving, thutng cd hai tru thap vai
chiéu cao bing nhau. Tuy nhign, trong thuc t& chifu cao cia hai
tru thap khang nhét thigt phai bing nhau goi |3 b&t ddi ximg va
thyc t€ 13 dd co nhirng céng trinh céu treo day ving vai chiéu cao
tru thap khang ddi xing nhau. Khi chiéu cao tru thap khang ddi
ximg va thay ddi thi sw phan bd ndi lyc, bign dang, chuyén vj cia
céac ket céu trong cAu treo day vang ciing thay ddi. Trong bai béao
ndy tac gia tap trung khao sat anh hudng cia tinh bat ddi xing
chiéu cao try thap dén sy phan bd ni lvc trong ddm chi coa cu
treo déy ving thang qua phén tich ket qua tinh toén céc ma hinh
cAu treo day ving dua trén ket qua thiing ke kich thudc, ty |8 nhip,
chiéu cao try thap cia cac cu treo day viing thyc té trén the gici.
Théng qua viéc sir dung phén mém phan tich két cdu cau rat phd
bign & Viat Nam hién nay |3 Midas/civil va céc Iy thuy8t phén tir
hitu han. Can &nh huéng cia tinh bt ddi xing chiéu cao tru thap
d&n ndi lyc trong tru thap, cap chi, cap treo va bign dang, chuyén
vi s& duoe xem xét trong céc bai bao sau.

Tir khda: Cau tren day viing; cdu treo day ving bét ddi xing; nai
lic trong céu treo day ving; cdu New San Francisco-Oakland bay;
tru thap céu treo day ving.
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ABSTRACT

Suspension bridge is high-level static structure, with architectural
aesthetics and the ability to overcome long spans. In a suspension
bridge, the main girder, tower, main cable, and suspender cable are
the main load-bearing structures. In a suspension bridge, there are
usually two towers with the same height. However, in reality, the
height of the two towers is not necessarily equal, called asymmetry
and the fact that there have been suspension bridges with
asymmetrical tower heights. When the height of the towers is not
symmetrical and changes, the distribution of internal forces,
deformation, and displacement of the structures in the suspension
bridge also changes. In this paper, the author studies the influence
of towers height asymmetry on the distribution of internal forces in
the main girder of a suspension bridge by analyzing the results of
calculation of models of suspension bridges based on Statistical
results of size, span ratio, tower height of the actual suspension
bridge in the world. Using software to analyze bridge structure very
popular in Vietnam is Midas/civil and the theory of finite element
method. The influence of tower height asymmetry on internal forces
in tower, main cables, suspender cable and deformation and
displacement will be considered in the following articles.
Keywords: Suspension bridge; Suspension  bridges  with
asymmetrical tower heights; finite element method; New San

Francisco-Oakland bay suspension bridge; main deck.



1. GIGI THIEU

Cau treo day vong la mét dang két cau cé nhiéu uu diém trong
d6 kha nang khai thac triét dé tinh nang cla vat liéu trong cac bd
phan chiu luc chinh da gitp cho cau treo day véng vugt dugc khau
d6 rat 16n ma cac loai két cdu khac khéng lam dugc ké ca cau day
vang. Hién nay, cau treo day vong dugc coi la loai cau dep, nhe va
chiu luc tét, dugc ap dung phd bién trén thé gidi cho cac cau nhip
[6n [1].

Hinh 1. M@ hinh tinh ton cdu treo ddy vong bién dang nhd
Cau treo day véng la mét hé siéu tinh bac cao. Cé nhiéu yéu té
anh hudng dén sy phan bé néi luc trong cau treo day véng nhu:
chiéu dai nhip, ciu tao dam chinh, s6 lugng mat phang day treo,
chiéu cao thap cau, vat liéu... Trong lich st phat trién ciu treo day
vong, cac nha nghién ctu da dé nghi cac so d6 nhip hop ly vé kha
nang chju lyc cta cau. Thuc té khong phai bat ky & vi tri nao ching
ta cling c6 thé xay dung dugc mot két cdu déi xiing nhu mong dai.
Trong d0, vi tri tru thap va chiéu dai nhip phu thudc vao cac diéu
kién dia hinh, dia chat, thuy van va yéu cau khé théng thuyén. Do
d06 tinh bat déi xiing clia chiéu cao thap cau truc tiép anh hudng
dén chiéu dai nhip va sau d6 la anh hudng dén ndi luc, bién dang
va chuyén vi trong két cau. Va thuc t€ da c6 cong trinh cau treo day
vong bat doi xting da dugc xay dung la Cau New San Francisco-
Oakland bay xay dung nam 2002 [7].

Nham muc dich lam ré han anh huéng cla tinh bat déi xing
chiéu cao try thap dén phan bo noéi luc trong cau treo day vong,
ndi dung bai bao nay phan tich va so sanh két qua tinh toan ndi luc
trong cac sg dé két cau cau treo day véng vdi chiéu cao tru thap
thay déi dua trén théng ké nhiing cong trinh cau treo day véng
thuc té trén thé gidi da dugc xay dung. Qua trinh mé hinh tinh
toan dugc thuc hién bang phan mém tinh toan thiét ké cau kha
phé bién & Viét Nam hién nay la MIDAS/civil [3].

Tai Viét Nam hién tai viéc tinh toan thiét ké thuc hién theo Tiéu
chudn TCVN11823-2017 (dugc diéu chinh tir 22TCN272-05). Khi
tinh toan thiét k& két cau cau thi té hgp néi luc tuy theo tiing dang
két cau cau ma muc dé quan trong clia cac trang thai giGi han
cing khac nhau. Tuy nhién, thudng thi Trang thai gigi han cuong
do 1 (TTGHCD1) va Trang thai gidi han st dung (TTGHSD) la quan
trong va uu tién hon ca. D& nghién ctu gan hon véi thuc té€ tinh
toan thiét k&, cac tai trong tinh toan co ban dugc lay theo tiéu
chudn trén gém céac Tai trong ban than (TTBT) va hoat tai HL93. Va
noi luc sé dugc so sanh gilia cac trudng hgp so d6 két cau do
(TTBT) va t6 hgp theo (TTGHCD1) [2].

2. PHUONG PHAP NGHIEN CUU

2.1. Tru thap va nhip chinh cau treo day véng

Cau treo day vong gom cac bd phan chinh sau: Dam chq, try
thap, cap chu, cap treo, mé neo. Trong dé tru thap la mét trong
nhiing bé phan chinh tao nén dic diém néi bat va dic trung cho
két cdu cau treo day vong. Vat liéu thiét ké tru thap thudng la thép
hodc bé tong c6t thép. Theo phuong ngang cau, tru thap thudng
¢6 dang dan, dang c6ng hodc dang phéi hgp gitia hai loai trén. Tru
thap dugc phan loai thanh thap cing, thap mém va thap chan
khap khi xét dén d6 ciing cla tru thap. Thap mém thudng dung &
cu treo nhiéu nhip dé cung cap di d6 ciing cho cau. Thap chan
khdp thudng dung & cau treo nhip ngan [5].

Chiéu dai nhip chinh L, chiéu cao tru thap H va ty 1é L/H cua
mot s6 cau treo day vong dugc théng ké trong Bang 1 [5], [6].

Bang 1. Chiéu dai nhip chinh, nhip bién va chiéu cao tru thdp cua
mét s6 cdu treo ddy véng.

. Nhip chinll Try Nhip
STT Tén cau |.o m) Thap bién Ly H/L H/Ly
H(m) (m)

1 Massina Straits 3300 382 810 0.116 | 0.472

2 Akashi Kaikyo 1991 282 960 0.142 | 0.294

3 Runyang 1490 207 - 0.139 -

4 Verrazano Narrows 1298 207 307 0.159 | 0.673

5 Golden Gate 1280 227 343 0.178 | 0.663

6 Hega Kusten 1210 180 310 0.148 | 0.580

7 Mackinac Straits 1158 168 548 0.145 | 0.306

8 George 1067 183 186 |0171 | 0984

Washington

9 Ponte 25 de Abril 1013 190 483 0.188 | 0.394
10 Forth Road 1006 150 408 0.149 | 0.368
1 Kita Bisan — Seto 990 161 274 0.163 | 0.588
12 Severn 98 136 305 0.138 | 0.446
13 Ohnaruto 876 128 330 0.146 | 0.388
14 Jiangyin 1385 190 336 0.137 | 0.565
15 Great Belt East 1624 254 535 0.156 | 0.474
16 Humber 1410 155 280 0.110 | 0.555
17 Tsing Ma 1377 206 455 0.150 | 0.453
18 Storda 677 97 - 0.143 -
19 Thudn Phuidc 405 98 120 0.242 | 0.816

TU thuc t€ nhimng cay cu da dugc xay dung qua théng ké gitia
ty |é gitta chiéu cao tru thap H va nhip chinh Lo ta thdy H/L:=0.110
~0.333. Mat khac lai c6 H/Li=0.3~1.0. TU day chon H/L1=0.6~0.8 dé
xem xét nghién cdu. (V&i H=hi + h: Trong d6 h=40m=const la
chiéu cao tir dinh bé dén dam, hi 1a chiéu cao tir dam dén dinh tru
thap. Vay ta chon hi/Li=0.3~0.4).

2.2, Cac truéng hop nghién ciu

Cac so do lya chon nghién ctu la cau treo day véng ba nhip c6
cac thong sé ky thuat nhu sau:

Chiéu dai cac nhip gitra la khéng thay d6i véi Lo=400m.

Chiéu dai nhip bién bén phai khéng thay d&i véi L.=125m.

Chiéu dai nhip bién bén trai khéng thay déi véi Li=100m.

Chiéu cao phan tru thap tir mat cau dén chan thap la khéng
thay d6i va b&ng 40m

Khé cau rdng 11m, cho hai lan xe va hai lan bo hanh.

Neo cap chi: dang neo vao dat nén bang khoi neo.

Tru thap: Dang khung ciing dugc bé tri 3 gidng ngang tai dinh
tru thép, gilia dinh tru thap va mat cau, tai vi tri ban mat cau.

Dang lién két clia cap chd tai dinh tru thap: Cap chu dugc
ngam vao dinh cla tru thap va trong tat ca cac trudng hgp nghién
ctu tinh khéng théng thuyén xem nhu khéng thay déi.

Dé& xem xét tinh bat ddi xiing cla tru thap dén su thay d&i noi
luc ta 1an lugt cho chiéu cao tru thap thay déi véi cac trudng hop
két cau nhu sau:

Trong bai bao nay nghién ctiu phan tich 24 trudng hgp chiéu
cao tru thap thay déi (trong pham vi: hi/Li=0,24 ~ 0,45; trong &6 Li,
hi la chiéu dai nhip bién va chiéu cao tru thap tuong tng ) dé tu dé
tim ra moi quan hé gitia tinh bdt déi ximg cda chiéu cao tru thdp dén
phdn bé néi luc trong cdu treo déy véng.

Chiéu cao tru thap phia nhip bién trai (v&i: Li=100m) c6 chiéu
cao nho nhat tinh ti cao d6 mat cau la hi= 30m chiéu cao I6n nhat
hi=45m. Tuong tu nhu tru thap 1, chiéu cao tru thap 2 bén phia
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nhip bién phai c6 chiéu cao nhé nhat tinh tir cao dé mat cau la ho=
30m dén chiéu cao ho=55m.

Bang 2. Chiéu cao cta tru thdp va ty Ié bdt d6i xing cua chiéu
cao try thdp trong cdc trudng hop nghién ciu

Tai trong dugc xem xét trong bai bao nay bao gém: Tinh tai
ban than két cau (TTBT), hoat tai HL93 bao gém tai trong xe 3 truc,
xe 2 truc, tai trong lan va tai trong ngudi theo TCVN11823-2017.
Tinh theo trang thai gigi han cudng d6 1 (TTGHCD1).

o e e m a Chiéu 2.4. M6 hinh tinh toan
Chiéu cao tru thap tinh tir mat cau dén dinh L N L 5 . A s . .
t 517 16 bit déi xiing cia chié t caotinh tut Trong bai bdo nay chi xem xét phan tich trong giai doan khai
Nhom | TH | ‘rU(mvatyléba ;:" gcachiCu @Ot 1 ginh be dén thac nén mé hinh Iua chon @& phan tich tinh toan 1a md hinh bién
ap dinh tru (m) dang nho, tuic la xem xét vat liéu tuyén tinh. Viéc 4p dung mé hinh
h hi/30 h, hs30 | ho/hi | H H. bién dang nhé nham muc dich phan tich tinh bat déi xing cla
1 30 100% 30 | 100% | 100% 70 70 chiéu cao tru thap dén su phan b6 néi luc va bién dang cla cau
) 30 100% 35 | 117% | 117% 70 75 treo day vong trong giai doan hoan thién. Qua trinh phan tich nay
3 30 100% 40 133% | 133% 70 30 khéng d’é‘ cap d’én \{iéc phan tich dff)ng luc hoc céng trinh, én dinh
1 4 30 100% 45 150% | 150% 70 85 tong thé clia két cau cling nhu kiém todn Uing suat trong cac tiét
7 35 117% 30 100% 86% 75 70 . . , R
8 | 35 | 1% | 35 | 17% | 100% | 75 | 75 3. KETQUAVATHAOLUAN = o
9 35 7% 20 133% | 114% 75 30 Tron‘g bai bdo nay d’am ghu co tiét dién I\(hong thay dgl vi vay
2 10 35 7% 25 150% | 128% 75 85 tal ch'l_can )fet cac m?t calt' bat lgi nhat cufa\ dém chu b_:jo gom: Mat
cat gitta nhip bién bén trai (MDC.NB1), mat cét nhip gilta tru thap 1
11 35 117% 50 167% 143% 75 90 T P PR N P
va vi tri cap treo ngan nhat ctia nhip gitta (MDC.NC1-1), mat cét tai
12 35 117% 55 183% 157% 75 95 S 2 P LT T
vi tri cap treo ngan nhat cta nhip gitta (MDC.NC1-2), mdt cat gi{ra
13 40 133% 30 100% 75% 80 70 . N 2 X A N
tru thap 2 va vi tri cap treo ngan nhat nhip gitta (MDC.NC1-3) va
14 40 133% 35 117% 88% 80 75 ey e NN o
mat cat gilfa nhip bién bén phai (MDC.NB2).
15 40 133% 40 133% 100% 80 80 0 PN A PN . Lx s
3 1 m eFTT T 150 TR 0 ™ Két qud mo6 men trong dam chu’va so sanh cac két qud dugc
0° 0° 0° trinh bay trong cac bang tu Bang 5 dén Bang 9.
7| 40 | 133% | 50 | 167% | 125% | 80 | 90 Bang 5. M6 men tai mdt cdt MCD.NBT
18 40 133% 2 183% | 138% 8 % Momen ctia cac trudng hop tai trong (tonf.m)
19 | 45 | 150% | 30 | 100% | 67% | 85 | 70 , S
20 [ 45 | 1s0% | 35 [ 117% | 78% | 85 | 75 Nhém | TH TTBT TTGHD1
4 21 45 150% 40 133% 89% 85 80 M Mi/M; M Mi/M;
22 45 150% 45 150% 100% 85 85 1 5413 100% 3668.7 100%
B 1 4 | 150 | 50 | 167% | 111% | 8 | 90 2 530. 97.9% 38182 104.1%
24 45 150% 55 183% 122% 85 95 " "
2.3. Cac théng s6 vat liéu, dac trung hinh hoc va tai trong 1 3 519.2 9.9% 39634 108.0%
Céc thong s6 vé vat liéu clia cac bd phan két ciu va dic trung 4 506.1 93.5% 4088.8 111.4%
hinh hoc dugc lay theo cac bang 3 va bang 4. 5 4919 90.8% 42275 115.2%
Bang 3. Th6ng s6 vat liéu cta cdc bo phdn két cdu 6 4747 87.7% 53433 1183%
Thong s6 Don vi Cap chi Captreo | Damchi | Truthap 7 4406 81.4% 36713 100.1%
M dun dan 8 314 79.7% 3816.5 104.0%
kN/m? 2,0.10° 1,4.108 2,1.108 2,1.10¢
hoi (Ev) /m 3 9 423.0 78.1% 3959.1 107.9%
Trong lugng KN/m? 825 785 785 78,5 10 4140 76.5% 4095.1 111.6%
don 1 4035 74.5% 40224 115.1%
Hé 6 Poisson - 03 03 03 03 1 3913 72.2% 4339.9 118.3%
Bang 4. Ddc trung hinh hoc cdc bo phdn két cdu 13 3654 67.5% 3687.0 100.5%
Gp | Ddm | T | Giling 14 357.7 66.1% 38273 104.3%
Thong s6 Cap chi 5 :
treo chu thap tru 3 15 3513 64.9% 3966.1 108.1%
Dién tich mit cit 16 344.7 63.7% 4099.3 111.7%
(mz) j 0,04.178 0,00209 | 1.0016 0,16906 0,1046 17 3374 62.3% 42252 115.2%
. 18 328.5 60.7% 4342.2 118.3%
m')"e" quan tinh b 0 0 | 04399 | 01540 | 0,1540 19 3109 57.4% 37107 101.1%
20 304.3 56.2% 3845.7 104.8%
Momen quan tinh 0 0 01316 | 01450 | 0,1080 . 21 2993 55.3% 3979.6 108.5%
(m’) 22 294.4 54.4% 4109.0 112.0%
An til 0, 0
Mo4men quén tinh I, 0 0 3,667 01143 0,0913 23 289.0 53.4% 4232.2 115.4%
(m?) 24 2826 52.2% 83474 118.5%
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Bang 6. M6 men tai mdit cat MCD.NC1-1 Bang 8. M6 men tai mdt cat MCD.NC1-3

Médmen ctia cac trudng hop tai trong (tonf.m) Mémen clia cac trugng hop tai trong (tonf.m)
Nhom TH TIBT TTGHC(D1 Nhom TH TIBT TTGH(D1

M M/M; M M/M; M Mi/M; M: M/M;

1 492.5 100% 2936.3 100% 1 523.2 100% 2994.7 100%

2 482.3 97.9% 2975.1 101.3% 2 415.8 79.5% 2935.0 98.0%

1 3 4721 95.8% 3010.5 102.5% 1 3 329.4 62.9% 2903.8 96.9%
4 459.6 93.3% 3033.2 103.3% 4 261.1 49.9% 2889.9 96.5%

5 4453 90.4% 3061.8 104.3% 5 208.1 39.8% 2908.5 97.1%

6 427.3 86.7% 3075.6 104.7% 6 167.1 31.9% 29343 97.9%
7 388.1 78.8% 2885.1 98.2% 7 511.5 97.7% 3039.8 101.5%

8 379.6 77.1% 2922.0 99.5% 8 406.1 77.6% 2978.3 99.4%

) 9 372.2 75.6% 2958.3 100.7% ) 9 3213 61.4% 2945.5 98.3%
10 363.9 73.9% 2990.5 101.8% 10 254.4 48.6% 2936.1 98.0%

11 353.7 71.8% 3016.7 102.7% 11 202.1 38.6% 2945.5 98.4%

12 341.0 69.2% 3036.2 103.4% 12 161.6 30.9% 2967.9 99.1%
13 306.1 62.1% 2865.0 96.6% 13 498.2 95.2% 3080.4 102.8%
14 298.9 60.7% 2900.2 98.7% 14 396.2 75.7% 3020.2 100.8%

3 15 293.5 59.6% 2936.1 100% 3 15 313.8 59.9% 2987.3 99.7%
16 287.7 58.4% 2969.2 101.1% 16 248.5 47.5% 2976.9 99.4%

17 280.7 57.0% 2997.7 102.1% 17 197.3 37.7% 2984.0 99.6%
18 271.7 55.2% 3020.4 102.8% 18 157.5 30.1% 3004.2 100.3%
19 243.0 49.3% 2870.0 97.7% 19 482.2 92.2% 3114.1 103.9%
20 236.7 48.1% 2903.0 98.8% 20 384.4 73.5% 3057.2 102.1%
4 21 232.5 47.2% 2937.8 100.1% 4 21 305.2 58.3% 3025.7 101.0%
22 228.4 46.4% 2970.6 101.2% 22 242.0 46.3% 3015.3 100.7%
23 223.5 45.4% 2999.8 102.2% 23 192.2 36.7% 3021.3 100.9%
24 217.2 44.1% 3023.9 102.9% 24 153.5 29.3% 3039.9 101.5%

Bang 7. M6 men tai mdt cit MCD.NC1-2 Bang 9. M6 men tai mdt cdt MCD.NB2
Médmen ctia cac trudng hop tai trong (tonf.m) Mémen ctia cac trudng hop tai trong (tonf.m)
Nhom TH TIBT TTGHCD1 Nhém TH TIBT TTGH(D1

M, Mi/M; M, Mi/M; M, Mi/M; M, Mi/M;

1 569.2 100% 3204.6 100% 1 580.6 100% 37873 100%
2 497.6 87.4% 3220.2 100.5% 2 469.0 80.8% 3807.1 100.5%
1 3 405.4 71.2% 3202.4 99.9% 1 3 381.6 65.7% 38425 101.5%
4 309.9 54.4% 3163.6 98.7% 4 314.6 54.2% 3875.9 102.3%
5 221.2 38.8% 3170.9 98.9% 5 264.2 45.5% 3939.5 104.0%
6 1429 25.1% 32433 101.2% 6 226.8 39.1% 3992.5 105.4%
7 483.1 84.8% 3180.8 99.3% 7 570.1 98.2% 39421 104.1%
8 457.7 80.4% 3271.7 102.1% 8 460.2 79.3% 3959.6 104.5%
5 9 403.4 70.8% 3303.6 103.1% ) 9 374.5 64.5% 3992.1 105.4%
10 3371 59.2% 3313.8 103.4% 10 308.8 53.2% 4034.1 106.5%
n 269.8 47.4% 33184 103.5% n 259.2 44.6% 4080.9 107.7%

12 207.3 36.4% 3326.4 103.8% 12 2223 38.3% 4128.8 109.0%

13 383.0 67.3% 3150.7 98.3% 13 557.9 96.1% 4090.0 108.0%

14 394.0 69.2% 3270.5 102.1% 14 4511 77.7% 4107.6 108.4%

3 15 370.7 65.1% 3353.7 104.6% 3 15 367.7 63.3% 4138.6 109.3%
16 329.6 57.9% 3396.6 106.0% 16 303.6 522.3% 4177.8 110.3%

17 281.6 49.5% 3423.1 106.8% 17 255.0 43.9% 4220.9 111.4%

18 233.6 41.0% 3449.2 107.6% 18 218.9 37.7% 4264.5 112.6%

19 285.6 50.2% 3119.9 97.4% 19 543.1 93.5% 4228.0 111.6%

20 3233 56.8% 3270.4 102.1% 20 440.2 75.8% 42474 112.1%

4 21 3241 56.9% 3369.0 105.1% 4 21 359.7 61.95 4278.2 112.9%
22 303.5 53.2% 3446.2 104.4 22 297.8 51.3% 4315.8 113.9%

23 272.0 47.8% 3495.4 109.1% 23 250.6 43.2% 4356.0 115.0%

24 236.9 41.6% 3530.5 110.2% 24 2155 37.1% 4396.1 116.1%
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So sanh két qua trong cac bang tir Bang 5 dén Bang 9 ta nhan
thay tai cdc mat cat khac nhau, khi chiéu cao céc tru thap thay déi
va tinh chat bat d6i xing cla chiéu cao tru thap thay déi thi su
thay déi vé mé men tai cac mat cat cling khac nhau.

+ Tai mat cat MDC.NB1: B6i véi md men do TTBT ta nhan thay
khi chiéu cao hy va h; tang 1én thi m6 men tai mat cat nay giam.
DGi véi mé men theo TTGHCD1 khi chiéu cao hi va h; tang 1én thi
md men tai mat cit nay tang. Nhin chung, ta chua cé co s& dé xac
dinh ty |& bat déi xtiing hgp ly ctia chiéu cao tru thap hi va ha.

+ Tai mat cat MDC.NC1-1: BSi v6i mdé men do TTBT thi khi
chiéu cao hi va h; tdng 1én thi mé men tai mat cat nay déu giam ty
Ié gidam c6 su khac nhau, trong dé muc d6 giam do h; tdng Ién
nhiéu hon ty lén gidm do h; tdng, nguyén nhan 1a do mat cat nay
gan tru thap 1. D6i v6i mé men theo TTGHCP1 thi khi chiéu cao tru
thap hi va h; tdng thi mé men tai mat cat nay cling 6 sy thay déi
ngugc nhau. Cu thé, chiéu cao h; tdng thi mé men gidm va chiéu
cao h; tang thi mé men lai ting. Téng hgp lai ta nhan thay khi két
cdu nhip bat d&i xting (Li=100m, Lo=400m, L,=125m) ta chua thé
dua ra ty 1é chiéu cao h; hgp ly nhat véi mat cat nay. Tuy nhién, ta
¢6 thé chon chiéu cao hy tir 40m dén 45m la ty & hogp ly. Tuong
ung vai hi/Ls =0.4 dén 0.45.

+ Tai mat cdt MDC.NC1-2: D&i véi mé men do TTBT ta nhan
thay khi chiéu cao hiva h; tdng 1én thi mé men déu giam, muc do
gidm & mbi nhém va khi ta thay d6i méi méc chiéu cao clia cac try
thap ciing khac nhau. Nhin chung, ty 1& chiéu cao h2/hi nén I6n
hon 89% tuong Uing vdi ty 1én bat doi xing két cdu nhip (L1=100m,
Lo=400m, L=125m). D&i v6i m6 men theo TTGHCD1 (ing vdi méi
nhém ta déu tim dugc vi tri cuc tiéu ctia mé men khi thay déi chiéu
cao tru thap. T6ng hop cd 4 nhém lai ta thay ty lé bat déi xing
chiéu cao try thap hagp ly la ho/hi=133% dén 167% tuang Ung véi
h1/L1=0.3 dén 0.35 va hy/L,=0.32 dén 0.44.

+ Tai mat cat MDC.NC1-3: D6i vSi mdé men do TTBT ta nhan
thay khi chiéu cao h; va h; tang Ién thi mé men tai mat cat nay
giam. Khi h, cang tang thi mé men tai cdc nhdm cang tién sat
dén nhau. D6i v8i mé men theo TTGHCD1 & tat ca cac nhom
xuat hién vi tri cuc tiéu tai h,=45m. Ta c6 thé xem ty |& hop ly
nhat clia chiéu cao tru thap la ho/h1=133% dén 167%. Tuang
Ung véi ty 1& h1/Li= 0.3 dén 0.4 va hy/L,=0.32 dén 0.4.

+ Tai mat cdt MDC.NB2: P8i v4i mdé men do TTBT ta nhan
thay khi chiéu cao h; va h; tang I&n thi mé men tai mat cat nay
giam. D6i véi m6 men theo TTGHCD1 khi chiéu cao cao hi va h:
tang lén thi m6é men tai mat cat nay tang. Nhin chung, ta chua
c6 ca s& dé xac dinh ty lé bat d6i xiing hop ly cla chiéu cao tru
thap hi va ha.

- Ta nhan thdy m6 men cac mat cadt MDC.NB1 va MDC.NB2 ¢6
su bién thién tuong tu nhau khi chiéu cao tru thap h; va h; thay
déi. Vi vay ta chua thé xac dinh dugc ty |é bat déi xdiing cla chiéu
cao try thap hi va h, cho cadc mat cat nay.

- Tai cdc méat cat tai nhip giira, nhin chung khi chiéu cao cac
tru thap hiva h, ting thi mé men déu giam. Trong do ty lé
gidm cha mdé men khi tdng chiéu cao hy & mat cat MDC.NC1-1
nhiéu han so vai ty 1& giam ctia mat cat MDC.NC1-3 va ngugc lai
khi tang chiéu cao h; thi ty 1& gidm cia m6 men tai mat cat
MDC.NC1-3 nhiéu hon so v6i mat cat MDC.NC1-1. Con déi véi
mat cat MDC.NC1-2 thi ty lé gidm clia m6 men khi tdng chiéu
cao hs va hz thi gan nhu nhau.

- Téng hgp lai ta thay khi két cau nhip bat déi xting véi ty lé
nhu da chon (Li=100m, Lo=400m, L,=125m) néu ta chon mo
men dam chi lam théng s6 dé€ lya chon ty 1& bat déi xiing cla
tru thap thi ta c6 thé chon ty I&: ha/h1=133% dén 167% tuong
ung véi hi/L1=0.3 dén 0.4 va h,/L,=0.32 dén 0.4
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K&t qua luc cdt trong dam chd va so sanh cac két qua dugc
trinh bay trong cac bang tir BAng 10 dén Bang 12 vdi 3 mat cat
MDC.NB1, MDC.NC1-2, MDC.NB2.

Bang 10. Luc cdt tai mdt cdt MCD.NB1 bén trdi

Luc cat clia cac trudng hop tai (tonf)

Nhom TH TTBT TIGH(P1
Q Q/Q Q Qi/Q
1 48.6 100.0% 203.2 100.0%
2 48.6 100.0% 203.9 100.3%
1 3 485 99.8% 204.5 100.6%
4 485 99.8% 205.1 100.9%
5 484 99.6% 205.7 101.2%
6 484 99.6% 206.2 101.5%
7 43.2 99.2% 203.1 99.9%
8 43.2 99.2% 203.8 100.3%
) 9 43.2 99.2% 2044 100.6%
10 48.1 98.9% 205.1 100.9%
1 48.1 98.9% 205.6 101.2%
12 48.1 98.9% 206.2 101.5%
13 47.8 98.4% 202.9 99.8%
14 47.8 98.4% 203.6 100.2%
3 15 47.8 98.4% 204.3 100.5%
16 47.8 98.4% 204.9 100.8%
17 47.8 98.4% 205.4 101.1%
18 47.8 98.4% 206.0 101.4%
19 474 97.5% 202.6 99.7%
20 474 97.5% 203.3 100.0%
s 21 474 97.5% 204.0 100.4%
22 474 97.5% 204.6 100.7%
23 474 97.5% 205.1 100.9%
24 475 97.7% 205.6 101.2%

Bang 11. Luc cdt tai mdt cdt MCD.NC1-2 trdi

Luc cat ciia cac trudng hop tai (tonf)

Nhém TH TTBT TTGH(D1
Q Q/Q: Q Qi/Q
1 483 100.0% 216.6 100.0%
2 51.1 105.8% 229.1 105.8%
1 3 54.7 113.2% 2433 112.3%
4 58.2 120.5% 257.2 118.7%
5 61.3 126.9% 270.4 124.8%
6 63.9 132.3% 282.2 130.3%
7 474 98.1% 213.5 98.5%
8 484 100.2% 222.2 102.6%
3 9 50.5 104.5% 2334 107.7%
10 53.0 109.7% 2453 113.2%
1" 55.4 114.7% 257.0 118.6%
12 57.4 118.8% 267.8 123.6%
13 48.1 99.6% 213.6 98.6%
14 47.6 98.5% 218.7 101.0%
3 15 485 100.4% 227.2 104.9%
16 50.1 103.7% 237.1 109.4%
17 51.8 107.2% 2473 114.2%
18 53.5 110.7% 257.1 118.7%
19 494 102.3% 215.9 99.7%
20 47.8 98.9% 2175 100.4%
4 21 479 99.2% 223.5 103.2%
22 487 100.8% 231.6 106.9%
23 498 103.1% 240.4 110.9%
24 51.0 105.6% 249.2 115.0%




Bang 12. Lyc cdt tai mdt cdt MCD.NB2 bén trdi
Luc cat ctia cac trudng hop tai (tonf)
Nhém TH TIBT TTGHCD1
Q Q/Q ] Q/Q
1 49.1 100.0% 208.1 100.0%
2 49.7 101.2% 210.1 100.9%
3 50.2 102.2% 212.0 101.9%
1 4 50.7 103.3% 213.6 102.6%
5 51.2 104.3% 215.2 103.4%
6 51.7 105.3% 216.6 104.1%
7 49.0 99.8% 209.0 100.4%
8 49.5 100.8% 211.0 101.4%
9 50.1 102.0% 212.7 102.2%
2 10 50.6 103.1% 2144 103.0%
n 511 104.1% 215.8 103.7%
12 516 105.1% 217.2 104.3%
13 48.9 99.6% 209.9 100.9%
14 49.4 100.6% 211.8 101.8%
15 50.0 101.8% 2135 102.6%
’ 16 50.5 102.8% 2151 103.4%
17 51.0 103.8% 216.5 104.0%
18 51.5 104.9% 217.8 104.7%
19 48.8 99.4% 2108 101.3%
20 49.4 100.6% 2126 102.2%
21 49.9 101.6% 2143 103.0%
) 22 50.4 102.6% 215.8 103.7%
23 50.9 103.7% 2171 104.3%
24 514 104.7% 218.4 104.9%
So sanh két qua trong cac bang tir BAng 10 dén Bang 12 cho
thay.

+ Tai cac mat cat MDC.NB1 va MDC.NB2: khi chiéu cao tru
thap hi va hz thay déi thi luc cdt thi luc cdt c6 tdng nhung vdi ty
I& nhé. Do d6, chiéu cao tru thap va tinh bat d6i xing cta chiéu
cao tru thap khéng anh huéng nhiéu dén luc cat cda nhip bién
dam chu.

+ Tai mat cdt MDC.NC1-2: Béi véi luc cat do TTBT thi su thay
déi va ty |é thay d&i tuong tu nhu d&i véi cadc mat cit nhip bién.
D6i véi luc cat tinh theo TTGHCD1 khi chiéu cao tru thap hy va
h. thay d6i ta déu tim dugc gia tri cuc tiéu, véi tiing nhém khac
nhau thi vi tri dat cuc ti€u cing khac nhau. Véi ty 1é bat déi
xung két cau nhip da chon (L1=100m, Lo=400m, L,=125m) thi ty
Ié bat d6i xtiing clia chiéu cao tru thap hop ly la ho/h1=67% dén
78%.

- Qua viéc so sanh nodi luc 1a mé men va luc cat tai cac mat
cat ctia dam chu ta nhan thay ty 1é bat déi xiing cla chiéu cao
tryu thap hgp ly Iay theo m6é men va luc cat c6 su ngugc nhau.
Tuy nhién, su thay d6i theo luc cit nhd hon so v8i mé men. Do
dé, dé chon chiéu cao tru thap hgp Iy theo ty 1& bat déi xing

két cau nhip da chon ta sé lay theo thanh phan noéi luc la mé
men, véi ty 1& ha/h1=133% dén 167% tudng Ung va&i hi/L1=0.3
dén 0.4 va hy/L,=0.32 dén 0.4

4. KET LUAN

VGi két cdu nhip bat d6i xing theo ty 1& nhu da chon
(L1=100m, Lo=400m, L=125m) khi chiéu cao tru thap va tinh
bat di xiing cla chiéu cao tru thap thay ddi kéo theo su thay
d8i vé ndi luc trong dam chd, su thay déi tai ting mat cdt co su
khac nhau. Va su thay d6i dé ciing khac nhau khi xét véi cac
loai tai khac nhau.

Qua viéc t6ng hop két qua phan tich ta cling chon duoc ty
1é chiéu cao tru thap hogp Iy ha/h1=133% dén 167% tuang Ung
vGi hi/L1=0.3 dén 0.4 va hy/L,=0.32 dén 0.4.

Tuy nhién, ty 1&é nay bai bao lua chon méi chi dua vao mot
yéu t6 la noi luc trong dam chd, con sy anh hudng cla tinh bat
doi xting dén ndi lyc trong cac bd phan két cau khac nhu try
thap, cap chd, cap treo va bai bao chua dé cap dén, hay anh
hudng cua tinh bat d6i xiing dén bién dang, chuyén vi chua dé
cap dén trong bai bao nay. Do d6, dé c6 thé lua chon dugc mot
ty 1é bat déi xing ca chiéu cao tru thap hgp ly, ching ta can
phai xét thém céac yéu t6 trén. Trong pham vi mét bai bao, tac
gid khong thé trinh bay hét dugc tat cad nhiing ndi dung trén.
Nhitng ndi dung d6 sé dugc trinh bay trong céc bai bao sau.
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