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BAN TOM TAT

Trong bai nay dé cap t6i viée sir dung phuong phap phan t¢ hitu han (FEM), chuong trinh phan
tich két cau dugc dung SAP2000, dé xac dinh hé s6 phén bb tai trong theo phuong ngang cua hoat tai
doc theo chiéu dai cia ddm. Trinh ty md phong két cdu thuong tang ding trong chuong trinh s& dugc
mo ta day du céc chi tiét. Vi két qua nhan dugce tir chuong trinh s& so sanh véi két qua duge tinh theo

theo 22TCN 272-05.

ABSTRACT

The paper discusses how a general finite element (FE), such as SAP2000 program, can be used
to modeling the bridge superstructure system to move traffic loads and further to predict the accurate
lateral distribution of live loads on bridge longtigitudinal girders. FE modeling techniques and features
using family of SAP2000 programs are present and discussed in details. Live load distribution factors
derived from the FE method are compared with other value of 22TCN 272-05.

1  PAT VANDE

Viéc xac dinh chinh xac hé sé phan bd
ngang cua hoat tai ¢6 ¥ nghia quan trong trong
cong tac thlet ké két cau cau vi no s¢ mang lai
hi€u qua vé mit kinh té va nang cao sy an toan
cua két céu. Hién nay, ton tai cac phuong phap
xac dinh hé sé phin bb ngang cua hoat tai [4],
[5]. Tuy nhién, viéc xac dinh hé s6 phan bo cua
hoat tai theo phuong ngang van con mét sd ton
tai, chi ap dung cho mot s6 truong hop. Chang
han nhu déi véi mat cit ngang ciu gdm nhirng
dam BTCT DUL tiét dién chir I thi hé sé phan
b hoat tai d6i voi mé men cho cac dam giita:
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Hé‘sé phan bd hoat tai d6i v6i md men
cho cac dam bién:
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Béi véi 1 lan xe: theo quy tac don bay
Déi véi 2 lan xe hay nhiéu hon:

gext = egint (3)
e =077 +—2 4)
2800
Trong do:

S — Khoang céch giira cac dam chinh. S =
1100 — 4900mm.

t, — Chiéu day ban mit cau. t, =
300 mm.

L — Chiéu dai tinh toan cua nhip. L =
6000 — 73000mm.

K,—-H¢ s6 do ctng theo phuong doc.

d. — Khoang céach giita ban bung phia
ngoai dam bién va mép trong d4 via.

Cung véi sy phat trién cia may tinh da
gop phan 16n trong viéc sir dung cac phuong
phap tinh dé tinh toan két cdu cong trinh. Trong
d6, phuong phidp phan tor hitu han (Finite
Element Method — FEM) 1a mét trong nhiing
phuong phap duoc ap dung rong rai nhit trong
viéc xdy dung cic chuong trinh phan tich két
chu, chang han nhu: SAP2000, RM2000, Midas
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Civil, STADD III . . . va cac chuong trinh nay v6i phan tir shell tir giac). Hé s6 nay phai gan

ngay cang dugc hoan thién va phat trién. bang nhau hodc chénh 1éch it nhét 1a bén lan.
Trong bai viét niy, ching t6i s& dé cap Céc phan tir shell/plate khong tiép nhan
dén vin dé st dung FEM va phuong phap md tai trong banh xe tic dong truc tiép va ciing
phong két cdu thuong ting ciu BTCTDUL khong thé hd trg cho viéc dat tai di dong trén
bang phidn mém SAP2000 dé tinh toan hé sb cau, do vay khi mo phong tai trong banh xe s&
phan bd tai trong cua hoat tai theo phuong dugc thuc hién: M6 phong tai trong banh xe
ngang cua xe tai thiét ké va xe 2 truc thiét ké. bé‘mg nhitng tai tinh tirc 1a chi dat tai mot s6 vi

i tri ¢b giinh, détﬂtai cac nat cﬁq phén tur; Xe chay
2 MO PHONG VA PHAN TICH KET doc cau co th¢ mot hay nhiéu lan xe. Cac xe

CAU BANG PHAN TU HU'U HAN duoc dit trong lan xe thiét ké nhung duoc xép

léch tam sao cho gay ra hé s6 phan bd ngang 1a

Két cdu thuong ting cua két cAu ciu 16n nhét.

thuong bao gom: ban mat cau, ghd chin banh Phan tich két cdu bang phuong phap tinh,
xe, lan can, dim ngang, dam doc. Bé xac dinh v6i su 1am viée cua vat liéu dan hoi tuyén tinh
hé sé phéan bd tai trong theo phwong ngang cua dugc coi la phuong phap don gian trong phan
hoat tai doan xe theo phuong doc thi viéc md tich két cdu. Py cimg cia ban theo phuong
phong day du cac chi tiét trong két cau thuong ngang c6 y nghia lon hon so voi d§ cing theo
tang 1a khong can thiét. D6i voi qua trinh phan phuong doc boi vi theo phuong doc ban dugc
tich chi tiét thi cac két cdu duoc méd phong nhu d& boi cac dam chinh. Do d6, phan tir ban mat
sau: d6i voi ban mit ciu thi phan tr dugc sir cdu dugc mé phong bang phan tir shell/plate
dung dé mo phong sé& 14 phan tir shell (bon nut; dang huéng v6i md dun dan hoi theo phuong

trong kh@ d6, dam chinh, d‘ﬁm ngang dugc mo ngang [1] (hinh 2):
phong bang céach dfmg phan tor thanh hai nit

(hinh 1). ngld Links Shell EIement (Bén mqt cdu)
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Beam Element (Ddm ngang) Beam Element (Dam chinh
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Hinh 1: M6 hinh két cau cau bang FE

2
Su lam viéc cua tiét dién lién hop gilia E - S E )
ban mit cau va dim chinh dugc mé phong bang trans S, long
cach sir dung cac diéu kién rang bugc ve .
Trong do:
chuyén vi (rigid links/ele ment). B{eu kién rang S — Khoane cch tir tim dén tim céc dim
budc giita nit cua phan tir thanh (dam chinh) va . £
LS P , Y e chinh theo phuong ngang.
nat cua phan ti shell (ban mat cau) phai bao S Khong cich tinh gita cdc dim
5 \ A . < , / 3 (U
dam cung chuyén vi thang dung, trong qua trinh chinh theo phuong ngang.

tinh toan da su dung diéu kién rang budc la
rigid body. Céc rang budc nay duoc thyc hién
doc theo chiéu dai ciia ddm chinh. DAm ngang
dugc xem ciing tAm véi dam chinh.

Tuy thudc vao chiéu rong lam viéc co
hiéu ciia ban mit cau [4] khi xét dén trong tiét
dién lién hop ma c6 sy phan chia cac phan tir
shell cho phu hop. Pé ting d6 chinh xac cho

Eians» Elong — M0 dun dan hoi ciia vat lidu
theo phuong ngang va doc cau.

Dbi voi dim chinh ngoai cac dic trung
hinh hoc: dién tich, m6é men quan tinh . .
trong qua trinh tinh toan c6 xét dén anh hu’O’ng
xodn v&i hé s6 xodn cua dam theo Saint —
Venant dugc xac dinh:

phép tinh toan thi kich thudc ctia phéan tir shell Bdan mat cu | i
duoc chon dua vao: hé sb _tuong quan cua phin \‘\ ‘

tur [3] khong qua 16n, hé s6 nay dugc xac dinh: r F Nl
= chiéu dai canh dai/chiéu dai canh ngin (601 ‘
v6i trudng hop phin tir shell tam giic); r =
Khoang 16n cach gilta 2 truc canh ddi dien/
Khoang cach nho giita 2 truc canh dbi dién (d6i

Ddm chinh

o1 Hinh 2: Hé s6 tryc hudng (S/So)*
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Hinh 3: Mit cit ngang ddm BTCTDUL hinh chit I

3 TINH TOAN MO MEN CUA TIET
DIEN LIEN HQP VA HE SO PHAN BO
NGANG

M6 men tac dung lén tiét dién lién hop
duogc xac dinh [1]:

M

b
comp — IVlb + stlabdX (7)
0
Trong do:

Mcomp — M6 men cua tiét dién lién hop.

M, — M6 men trong dim ctia tiét dién
khong lién hop.

M1 — MO men trong ban mat cAu.

b — Chiéu rong c6 hiéu cua ban khi tham
gia vao tiét dién lién hop. Chiéu rong cé hiéu
cua ban duoc xac dinh theo [4].

Mo men tiét dién lién hop ciing duoc tinh
bang:

Mcomp = fbcompsbcomp (8)
Trong do:
focomp — Ung suat tai thd dudi cing cua

tiét dién lién hop.
Sheomp — MO men chéng uén ciia tiét dién
lién hop tai day dam.

Mit khac Gmg suit tai ddy dam cua tiét
dién lién hop dwoc xac dinh gan dung:
oo R M

bcomp A S

beam

(€]
bbeam
Trong do:

P,, My, — M6 men tinh toan ctua dam tir
két qua phan tich cua chuong trinh.

Apeam — Dién tich mat cét ngang cua dam.

Sbbeam — MO men chdng udn tai day dam
ctia tiét dién khong lién hop.

Hé s6 phan bb ngang ciia hoat tai dugc
xac dinh bang:

NLMcomp
nN=e=——
z IVlcomp

Trong do:

N — S6 lan xe.

SMcomp — Téng moé men cua tit ca céc
dam tai tiét dién dang xét.

(10)

4  THIi DU TINH TOAN VA NHAN XET

Xét cau c6 nhip dung dim 24.54m, rong
10.0m, trén mit cit ngang bd tri 6 dim chinh
tiét dién chir I cach nhau 1.7m. Bé tong ban mat
cdu va ddm ngang str dung M300, bé tong dim
chinh M500. M6 dun dan hodi cua ban theo
phuong doc cau Eiong = 2769.2kN/cm?, theo
phuong ngang ciu By = Eiong (S/So)2 =
4809.01 kN/em’, mé dun dan héi ca dam chinh
Ebeam = 3749.4kN/cm’® [4], hé sb poisson v =
0.2. Tai trong tac dung bao gdm xe tai thiét ké,
xe 2 truc thiét ké. Qua trinh khao sat s& tinh
toan hé s6 phan bb ngang bang FEM dua vao
SAP2000 di trinh bay & trén tai cac vi tri gbi va
gitra nhip.

Cac md hinh va két qua tinh toan bing
chuong trinh SAP2000 dugc trinh bay ¢ hinh 5
—8vabang2 - 5:

| 1700 |
I I

1700 ! 1700 ! 1700
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Hinh 4: Mt cat ngang két cdu nhip

Bang 1: Pic trung hinh hoc cac dim chinh

DAam | Appeam (sz) Stbeam (cm3) Sheomp (cm3)
1 3391.83 95531.3 87659.9
2 3391.83 95531.3 89664.9
3 3391.83 95531.3 89664.9
4 3391.83 95531.3 89664.9
5 3391.83 95531.3 89664.9
6 3391.83 95531.3 87659.9

Két qua tinh toan hé sd phan bd ngang
ctia lyc cit cho thay khi theo SAP2000 nhé hon
50 v6i 22TCN 272 — 05 véi céc sai s6 nhé nhét:
xép 1 lan xe: dbi v6i dam bién: 52.58% (bang
4); dam bén trong: 23.32% (bang 4), khi xép 2



lan xe thi sy sai s nay da giam: dam bién:
4.31% (bang 2); dim bén trong: 17.88% (bang
4).

Két qua tinh toan hé s6 phan bd ngang
clia md men: hé s6 phan bb tai trong ngang theo
mo men giita cac dam la tuong d6i xap xi nhau
va gia tri 16n xay ra & dam bién va dim bén
trong thir nhét (bang 3, bang 5). Tty theo s lan
xe khao sat ma c6 su sai biét khac nhau: véi 1
lan xe thi cic sai sb nho nhit ctia dam bién:
66.44% (bang 6), dAm bén trong: 35.62% (bang
6); ddi voi 2 1an xe thi cac sai s6 nho nhét cua
dam bién: 11.36% (bang 6), dam bén trong:
23.21% (bang 6).

Tai vi tri gdi: hé s6 phan bd ngang lyc cit
ctia dim bién duoc tinh theo phuwong phap don
bay [4] c6 sai s6 rat 16n so v6i tinh theo
SAP2000 nhung v&i hé sd phan bd ngang mé
men thi sai s6 nay khong déng ké.

5  KET LUAN VA KIEN NGHI

Hé s6 phan bb ngang ciia hoat tai dugc
tinh bang FEM thap hon so v&i 22TCN 272 -
05 (bang 2 - 6). Dicu nay rit c6 ¥ nghia trong
viéc thiét ké cac dam chinh vi xéc dinh chinh
xac ndi luc trong dam s& thiét ké tiét dién hop 1i
hon, mang lai hiéu qua kinh té cao.

V6i phuong phap md phong hé ban mat
cdu va dam chinh & trén cho thay khong nhimg
phu hop cho viée tinh toan hé s6 phan bd ngang
trong céc cau thang ma con cd thé ap dung dé
tinh toan cho cac ciu xién, cau cong.

Hé sé phan bd ngang ciia cac loai tai
trong khac nhau sé khac nhau nén viéc dung 1
cong thire dé xac dinh hé sé phan bb ngang cho
ca xe tai thiét ké va xe 2 truc thiét ké [4], [5] 1a
chua hop 1i.

SAP2000 1a mét chuong trinh phan tich
két cdu dua trén FE, day la chuong trinh twong

d6i don gian, dé str dung nhung c6 kha ning
tinh toan cao. V&i may tinh COMPAQ c¢6 ciu
hinh CPU 2.8GHz thi giai bai toan trén cho
truong hop tuyén tinh chi can tr 40s viéc nay
rat ¢6 y nghia trong qué trinh vé mit thoi gian
va két qua tinh toan.

Vé6i nhimg wu diém cia FEM va kha
nang tinh toan ctia cac chuong trinh phan tich
két cdu toi hy vong FEM s& duoc ung dung
nhiéu vao trong cong tac phan tich va thiét ké
két cAu cau. Véi nhitng két qua nghién ctru trén
t6i hy vong s& c6 nhing nghién ctru mé rong dé
x4c dinh mot cach chinh xac hé sb phan bd
ngang cua hoat tai.
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MUC LUC THAM KHAO:
Bang 2: Hé s phan bd ngang cua luc cit tai gbi theo SAP2000 va 22TCN272-05 do xe tai thiét ké

DAM | Vieam-tiane | Vicam-21ane | SAP2000 | SAP2000 [22TCN272-05[22TCN272-05| (A - C)/C | (B - D)/D
(kN) (kN) ) [ MB) | 2 (©) g"v (D) (%) (%)

1 44710, -12.077]  0.318]  0.405 0.741 0.423 | -57.09%| -4.31%
2 -40.432]  -23.521 0.288]  0.456 0.584 0.647 | -50.76%| -29.54%
3 -26.523|  -34.383]  0.189  0.434 0.584 0.647 | -67.70%| -32.90%
4 -13.924]  -34.259]  0.099]  0.343

5 -9.809] -23.556)  0.070]  0.238

6 -5.201]  -12.183]  0.037]  0.124

Tong| -140.599] -139.979
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CHIEU DAI TINH TOAN CUA NHIP = 24240

Hinh 5: Truong hop xac dinh lyc cat 1on nhat do xe tai thiét ké

Bang 3: Hé s6 phan bd ngang ctia md men tai gitra nhip theo SAP2000 do xe tai thiét ké

Dam | Myam MY eam P hcomp N beomp M comp MY omp g'MrE | € MEE
(kN.m) | (kN.m) | (kN/em?) | (kN/em?) | (kN.m) | (kN.m)
1 403.303 | 621.235 0.422 0.650 | 370.073 | 570.048 0.255 | 0.392
2 368.267 | 617.018 0.385 0.646 | 345.653 | 579.128 0.238 | 0.398
3 278.565 | 591.182 0.292 0.619 | 261.459 | 554.878 0.180 | 0.381
4 208.157 | 520.665 0.218 0.545| 195.374 | 488.692 0.134 | 0.336
5 166.713 | 415.488 0.175 0.435 | 156.475| 389.974 0.108 | 0.268
6 135.000 | 356.099 0.141 0.373 | 123.876 | 326.758 0.085 | 0.225
Tong | 1560.004 | 3121.688 1452.910 | 2909.479 0.255 | 0.392
| 130 130 ‘
= oE T 1
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Hinh 6: Truong hop xac dinh mé men 16n nhét do xe tai thiét ké

Béng 4: Hé s phan bd ngang cua luc cit tai gdi theo SAP2000 va 22TCN272-05 do xe 2 tryc thiét ké

DAM | Vieam-ttane | Vicam-2tane | SAP2000 | SAP2000 [22TCN272-0522TCN272-05|(A - C)/C|(B - D)/D
(kN) kN) | @A) | g' (B) g’ (O g"v (D) (%) (%)

1 -39.958]  -42.008  0.351 0.371 0.741 0.423 | -52.58% -12.27%
2 -50.925]  -60.144]  0.448 0.531 0.584 0.647 | -23.32% -17.88%
3 -17.055]  -62.649]  0.150 0.553 0.584 0.647 | -74.32%| -14.46%
4 2.235|  -47.773]  0.020 0.422

5 -1.653]  -10.720  0.015 0.095

6 -0.838)  -3.092]  0.007 0.027

Tong| -112.664] -226.386
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CHIEU DAI TINH TOAN CUA NHIP = 24240

Hinh 7: Truong hop xac dinh lyc cat 1on nhat do xe 2 truc thiét ké
Bang 5: Hé s phan bd ngang ctia mé men tai gitta nhip theo SAP2000 do xe 2 tryc thiét ké

Dam | MPyam MY cam hcomp M beomp M comp MY omp goMFE | € MFE
(kN.m) | (kN.m) | (kN/em?) | (kN/em?) | (kN.m) | (kN.m)
1 341.860 | 503.239 0.358 0.527 | 313.692 461.774 0.267 | 0.392
2 318.901 515.560 0.334 0.540 | 299.318 483.900 0.254 | 0411
3 226.440 | 499.862 0.237 0.523 | 212.535 469.166 0.181 0.398
4 154.691 428.495 0.162 0.449 | 145.191 402.182 0.123 | 0.341
5 123.008 319.790 0.129 0.335 115.454 300.152 0.098 0.255
6 99.041 259.966 0.104 0.272 90.881 238.546 0.077 | 0.203
Téng 1263.941 | 2526.912 1177.071 | 2355.721
AN
2o AT TET
g ‘
= é'g ””””” ’”55!&‘;" "%‘LS;RN’ T
= B5RN T Y5pRN
T e s s T T B
= o s s S g 11 N s
T T | CHEU DAL TNHTORN CTA NHIP = 24240 |
Hinh 8: Truong hop xac dinh mo men 16n nhat do xe 2 tryc thiét ké
Bang 6: Hé s6 phan bd ngang ctia mé men tinh theo SAP2000 va 22 TCN 272 - 05
Dim | SAP2000 (A) |22TCN 272 - 05 (C)| (A-C)/C| SAP2000 (B) [22TCN 272 — 05 (D)| (B-D)/D
1 1an xe - g°wre 1 lan xe - g°y (%) PRlanxe—g"yrd 2lanxe—gVy (%)
Do xe tai thiét ké
1 0.255 0.794 -67.92% 0.392 0.442 -11.41%
2 0.238 0.395 -39.77% 0.398 0.535 -25.59%
3 0.180 0.395 -54.44% 0.381 0.535 -28.71%
Do xe 2 truc thiét ké
1 0.267 0.794 -66.44% 0.392 0.442 -11.36%
2 0.254 0.395 -35.62% 0.411 0.535 -23.21%
3 0.181 0.395 -54.29% 0.398 0.535 -25.55%
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