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TOI UU HOA SUON TANG CUONG DQC
CUA DAM THEP CHIU UON

OPTIMIZATION OF TRAPEZOIDAL LONGITUDINAL STIFFENER
OF STEEL PLATE GIRDER BRIDGES UNDER BENDING

Vi Quang Viét
Khoa C6ng trinh, truong Pai hoc Hang hai Viét Nam

Tém tdt: Trong cac dam cau thép ¢ chiéu cao I6n, swon ting cwong doc thuong dweoc sir dung dé
tranh mdt 6n dinh cuc bg ciia ban bung. Cac nghién ciru trudc déy da cho thdy Vi tri va dg cimng chong
Uon Ciia swon ting cu'ong doc anh huong dang ké dén kha nang chiu luc cua dam thép. Bai bao trinh
bay mgt phuong phdp xdc dinh vi tri toi wu va dé cieng chong uon yéu cau ciia swon tang cirong doc co
mat cat dang hinh thang bang thudt toan téi wu sir dung phuwong phap diém trong (Interior Point
Algorithm, IPA). Thudt todn nay duoc sur dung thong qua phan mém Matlab dé xdc dinh Vi tri toz uu va
dé cing chang uon yéu cau Cua suon tang cuong doc bang cach téi da héa gid tri hang s6 mat on dinh
thu duwoc tir phan tich mdt on dinh trong phan mém Abaqus. Két qua phan tich thu duwoc tir nghién ciru
nay duoc s0 sanh véi két qua da diroc cdng bé trong cac nghién ciu truede day dé chimg minh tinh hiéu
qud cua phwong phdp dé xuat.

Tir khoa: Suon ting cuwong doc, phan tich mat 6n dinh, dam cau thép.

Ma phén logi: 11.2

Abstract: In deep steel girders, longitudinal stiffeners are usually used to avoid its web-bend
buckling. Previous research reported that the location and flexural rigidity of stiffener significantly
affect the load-carrying capacity of the girder. This paper presents a method to find the optimum
position and required flexural rigidity of trapezoidal longitudinal stiffener by using the Interior Point
optimization algorithm (IPA). This algorithm is utilized in MATLAB to determine the optimum position
and required flexural rigidity of the stiffener by maximizing the buckling coefficients obtained from
buckling analysis in Abaqus. In order to demonstrate the efficiency of the proposed method, its analysis
result is compared with that obtained from published research in the literature.
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1. Giai thiéu ta hiru han [1] - [6]. Cu thé 13, thdng qua cac

Trong cac dim ciu thép co chidu cao lon, ket qua thuc nghiém cho cac dam thép chir |
dim thép c6 ban bung manh thuong dugc sy Mat cat doi xung chiu mdé men uon thuan tay,
dung dé tiét kiem chi phi. D8i voi loai ddm  Cooper [1] da dé xuat vi tri toi wu cua STCD
thép nay thi cac suon ting cuong doc (STCD) O tai vi tri 0,2 D (D la chieu cao cua ban bung
duoc dung dé tranh mat on dinh cuc bo cua tinh tor ban cénh’chiu nén cua dam). ‘D()i VGi
ban bung dan dén giam dang ké kha nang chju ~ dam chir I mat cat khong doi xang, bang viéc
luc cua dam. Céc nghién ctru v& vi tri t6i wu, SU dung phan ti hiu han, Frank va Helwig [2]
dop va do cting chéng ubn yéu ciu, yq cua 98 deXuatvitri toi uu cua STCD mat cat dang
STCD da duoc thyc hién khoang séu thap ky @M detotaivitri0,4 De (De lachieu cao micn
trudc day. Tuy nhién do chua cé nhiéu cac Ch;u rlen Cuf;l ban 91-1”9 ,tmh tur fhnh ban bur‘lg
cong cy tinh toan sé nén cac nghién ceu cha 4 dam thep). Ket qua nay cing dugc thira
yéu sir dung cac phuong phap gan ding hogc nhan trong tieu ChuanAAASHTP-LRFD hién
thuc nghiém trén mot s6 lugng nho két cau hanh. Tuy nhién ¢ chau Au hién nay, STCD
dam thép dan dén két qua thiét ké thyc t c €O mat C;at fjf-mg hinh thE}ng,thlfo’n’g du’(_)’CA Su
he s an toan knd lon va khong kinh ¢, Cac 949 e bien hon do nd e6 46 aung chong
nghién ciru vé dop VA yrq cia STCD ¢6 mit cat xoan tot tfm dang mg:(thqat tam Et dongA: !
dang tim det da duoc thuc hién kha nhidutrén 1o, CUNS tang cuong ha pang chong mat on

thé gi6i thong qua céc phuong phip Iy thuyét, dinh cho ban bung dam tot hon. Nghién cau

thue nahiem va nhuomne ohis mé vhona phin vé dop cua STCD dang mit cét hinh thang
#C hghiem va phuong phap mo pong pha cling da dugc d¢ cap trong nghién cau cua
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Maiorana va cs. [7]. Tuy nhién, trong nghién
ctru nay chi dé xuat dop cia STCD ma chua
quan tdm toi yq cua no. Thém vao do,
Majorana va cs. [7] d3 dé& xuét dop cua STCD
c6 mit cit hinh thang dya vao gia thiét cac
bién trén va bién duéi cta ban bung dam thép
duogc coi 1a cac gi tya. Gia thiét nay chwa
phan anh dtng su 1am viéc caa dam thép do
anh huéng caa cac ban canh cua dam. Do do,
nghién ctu nay dwoc thuc hién nhim muc
dich dé& xuat dop VA yrq clia STCD cua dam
thép c6 ban bung duoc ting cuong bang
STCD dang mit cit hinh thang bang thuat
toan t6i wu thong qua viéc két hop sir dung hai
phan mém thuong mai ABAQUS va Matlab.

2. Quy trinh t6i wu héa

2.1. Thiét lap bai toan toi wu héa

Trong muc nay thiét 1ap bai toan téi wu hoa
vi tri va do cang chdng udn cua sudn ting
cuong doc ¢ dang mat cat hinh thang duoc
trinh bay tai hinh 1.

tfc Z:: tfc éi —— 1 —
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D D X
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|
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Hinh 1. Kich thuéc ciia dam thép c6 STCD.

Céc thong s6 dop VA yrq cua STCD dam
thép sé dugc xac dinh thdng qua viéc toi da
hoa hang s6 mat 6n dinh, ke. Vi tri tdi wu cta
STCD trén ban bung cua dam thép la vi tri c6
gia tri ko 16n nhat. Cac cong thirc @é xac dinh
hang s6 kb Va yrq dugc trinh bay trong tai liéu
[8]. Bai toan t6i wu hoa dé xac dinh dop Va 11q
duogc xur ly theo trinh tu cac budc sau:

Budc 1: Gia tri dop duoc xac djnqh théng
qua viéc toi da hoa hang so ko theo biéu thic:

Tbi da hoa gié tri:
12(1-v?)D

kb(x): T2EL

Fx),

Chiu rang bugc: 0< X <D (2)

Trong d6 bién sé X 1a vi tri caa STCD.

Buwéc 2: Sau khi xac dinh dop, ham muc
ti€u dugc st dung dé xac dinh jq biéu dién
theo biéu thirc sau:

Tbi thiéu hoa gia tri:

_ELBTSYH (3)
- DDpIate
Chiu rang bugc: 100<T <300 (mm) (4)
6< % <14 (5)
0<t<30 (mm) (6)
T
05<—<3 7
5 (7)
05<> <2 (8)
B
dy —0,05<0 (9)

Trong d6 cac bién s6 B, T, S, t 1a cac kich
thudc cua STCD. Piéu kién (5) duoc rang
budc nham muc dich tranh mét 6n dinh cuc bd
ciia STCD. Piéu kién rang budc (9) nham dam
bao tai vi tri tiép xdc gitra STCD va sudn dam
khong c6 chuyén vi ngang.

2.2. Phwong phép t6i wu héa bang IPA

Quy trinh téi uu hoa duoc thuc hién théng
qua viéc s dung két hop hai phan mem
Abaqus va Matlab. Trong quy trinh t01 uu hoa
nay, Abagus dong vai tro 1a phan mém phan
tich két cau con Matlab déng vai tro 1a phan
mém ti uu hoa két cau. Sy 1am viée twong tac
qua lai gitra hai phan mém duoc két néi bang
cong cu Abaqus2Matlab [9]. Thuat toan IPA
duoc sir dung thdng qua viéc sur dung ham
fmincon cé trong thu vién cua Matlab. Ban
chit cta phuong phap nay 1a dva trén phuong
phap dao ham dé tim ra diém cuec trj. Viéc tng
dung thuat toan va hiéu qua cia né trong toi
wu héa STCD cua dam thép da duoc trinh bay
chi tiét trong céc tai liéu [1], [2], [12]. Ly do
ma phuong phap nay duoc lua chon vi di véi
bai toan t6i wu hoa STCD, mirc d6 phi tuyén
khong phirc tap, thoi gian phan tich nhanh hon
rat nhiéu so véi cac thuat toan téi vu khac ma
van tim duoc két qua ti wu chinh xAc.
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____________________________________

______________________

I Xay dimng chuong trinh con trong Matlab o6 thé tir déng tao ra input file trong A baqus(*inp) |

| Dinh nghia cic bién thiét ké cho cic ham trong Matlab

l

| Binh nghia cac ham muc tiéu

| X4y dung chirong trinh con chita thuit todn

{

|Kiém fra cic gid tri ham muc tiéu |

&

|G:'m gia trj ban diu cho cic bién ‘

a1 P A7 x U9l

Khéng théa min |

Abaqus2Matlab

| Tao file Abaqus input maéi ‘

[ 9p0q fut 191 teo YU Buonyy)

Abaqus2Matlab

Khéng thoa m3n —JI

Tao file Abaqus input maéi ‘

¢ 9pig 0o 1o} Uod YuL Buony

Hinh 2 .So d6 quy trinh t6i wu héa [8].

2.3. Thiét 1ap quy trinh t6i wu héa

Quy trinh téi wu héa dé xac dinh dop Va
%q cua STCD c6 dang mit cat hinh thang
duoc sir dung tuwong ty nhu quy trinh t6i wu
hoa cho STCD c6 dang mat cat hinh tim det
[8]. Quy trinh nay st dung cbng cu
Abaqus2Matlab [9] dé tich hop trao ddi dit
liu qua lai gitra hai phan mém Matlab va
Abaqus phuc vu cho qua trinh téi vu hoa. Mot
cach tém tat, quy trinh t6i wu hoa dé xac dinh
dop VA yq cia STCD c6 dang mat cat hinh
thang duoc trinh bay trén hinh 2.

3. M& hinh phan tir hitu han cia dam
thép c6 SCTD dang hinh thang

M6 hinh phan ti hitu han (PTHH) cua
dam thép c6 STCD dang mat cat hinh thang
dugc x@y dung twong ty nhu mo hinh PTHH
ctia dam thép c6 STCD dang mit cat tim det
da dé cap trong nghién ciru trudc day [8]- Md
hinh nay duoc xay dyng dya trén phan mém
Abaqus nhiam xéac dinh gi4 tri riéng nho nhat
thu dugc tir phan tich mat 6n dinh caa dam
thép, tir d6 xac dinh duoc hang sé mét 6n dinh
kn. Kich thudc chung cua dam thép c6 STCD
dang mat cat hinh thang dwoc trinh bay trén
hinh 1. Cac kich thudc ¢ dinh bao gdom chiéu
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cao, chiéu day ban bung, chiéu rong va chiéu
day ban canh dugc chon nhu trong nghién ctru
trude day [8]. Cac kich thudc con lai cua
STCD dugc chon da bao gom tat ca cac gia tri
c6 thé duoc dung trong thiét ké thuc té nhu
trong cac phuong trinh tir (4) - (8). Cac thudc
tinh vat liéu cua thép bao gom mé dun dan hoi
E = 210000 N/mm?, hé sb poat-xdng 13 0.3.

Phan tir tim S4R duoc st dung dé md
phong tat ca cac bo phan cia dam thép cho do
chinh x4c cao nhu trong cac nghién cuu da
dugc cdng bd trude day [3] - [8], [10], [11].
Kich thuéc lugi phan tir duoc lya chon 1a 40
mm nhu trong cac nghién ciru da cong bo. Tai
trong va diéu kién bién dugc md phong tuong
tu nhu trong nghién cau [8].

4. T6i wu héa vi tri va d§ cieng chdng
udn yéu cau cia SCTD dang hinh thang

Dé xéc dinh do VA yrq caa STCD ¢6 dang
mat cit hinh thang, quy trinh ti vu hoa dé cap
trong muc 2 duoc str dung. Anh huong cua ty
s6 chiéu rong trén chiéu cao cua ban bung, ¢
cling dugc xem xét trong muc nay. Két qua toi
uu hoa dugc trinh bay trong bang 1.

Bang 1. Két qud toi wu dop VA yrq.

(0 dop/D Ko Jrq
1 0,195 446,32 12,69
2 0,195 447,12 13,38

C6 thé nhan thay tir bang 1, vi tri t6i vu
ciia STCD c¢6 dang mat cat hinh thang nam tai
vi tri cach mép dudi cua ban canh dudi mot
khoang 1a 0,195 D d6i véi cac ty s6 ¢ khac
nhau. Hang sé kp ciing thay doi khong dang
ké khi thay ddi cac ty s6 ¢ . Bén canh do, khi
gia tri ¢ thay doi tir 1 d&én 2, do ctiing chdng
udn yéu cau cua STCD ting khong déng ké.

Mt khac, bang 2 so sanh cac gia tri toi uu
va hang s6 Kp thu duoc tir nghién ciru nay véi
két qua nghién ctu cia Maiorana va cs. [7]
g vai cac ty s6 ¢ khac nhau. C6 thé nhan
thdy rd rang vi tri toi vu caa STCD dang mit
cit hinh thang thu duoc tir nghién ctu nay
tuong tu nhu trong nghién citu cua Maiorana
va cs. [7]. Diéu nay cho thay rang su xuat hién
ctia ban canh dam thép anh huong khong dang
ké dén vi tri toi wu cia STCD dang nay. Tuy

nhién, khi c6 sy xuat hién cua ban canh dam
thép, hang s Kp gia ting dang ké (ting
67.16% trong truong hop ¢ = 1). Nhu vay gia
thiét nghién ciu cia Maiorana va cs. [7] khi
bo qua anh huong cua ban canh dam thép da
du bao gié tri kp thip hon nhiéu so véi truong
hop xem xét dén anh hudong cua s c6 mat ban
canh dam thép, do d6 dan tai thiét ké qua an
toan va khéng kinh té.
Bdng 2. So sanh két qua véi nghién ciru [7].

So sanh ® dop/D Ko
Nghién ciu [7] 1 0.2 267
Nghién cau 1 0,195 446,32
cua tac gia
Nghién ciu [7] 2 0.2 268
Nghié,n clu 2 0,195 447,12
cua tac gla

Bang 3 so sénh vi tri ti vu va hiang s6 Kp
ciia STCD dang mit cét hinh thang thu duoc
tir nghién ctru nay va vi tri tdi wu ciing hang s6
Ko cia STCD c6 mat cat dang tim det trong
nghién ctu [12]. C4 thé nhan thay rang, vj tri
t6i wu cua STCD dang mat cat hinh thang gan
gidng voi SCTD dang mat cit tim det. Tuy
nhién, hang s6 ko thu duoc trong truong hop
sir dung STCD dang mit cit hinh thang Ién
hon rat nhiéu (144.88%) so véi truong hop sir
dung SCTD dang mit cét tim det. Do vay,
viéc str dung STCD dang mat cat hinh thang
tang dang ké kha nang chdng mét 6n dinh so
véi viec SCTD dang mat cét tam det.

Bdng 3. So sanh két qua véi nghién ciu
cho truong hop @ =1[12].

So sanh dop/D Ko
STCD dang tdm det [12] 0,21 182.26
STCD dang hinh thang 0,195 | 446,32

Dang méat 6n dinh cua dam khi STCD c6
dang mat cit hinh thang duoc dat tai vj tri toi
wu cta né dugc thé hién trén hinh 3.

Dang mét 6n dinh cuc bo cua phan ban
bung phia dudi STCD duoc thé hién céc nua
budc séng hinh sin.
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Hinh 3. Dang mat 6n dinh cia dam thép c6 STCD.

5. Két luan

Trong bai bao nay, tac gia da trinh bay
mot phuong phap dé xac dinh vi tri téi wu va
do cing chbng ubn yéu cau cua STCD co dang
mét cit hinh thang cua dam thép chiu uén. Két
qua cho thay rang, vi tri téi uu caa STCD tai
0,195 D tinh tor mép dudi cia ban canh trén
ctia dam thép. Bén canh do, ban canh dam thép
6 anh huéng khong dang ké dén vi tri toi uu
ciia STCD nhung c6 anh huéng rat 16n dén
hang s6 mat 6n dinh caa dam thép. Vi vay,
viéc bo qua anh hudong ciaa ban canh trong cac
md hinh md phong dam thép sé& dan téi két qua
qua an toan va khong kinh té0
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