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TOM TAT

Cdc nghién ciru vé két cau trong tinh todn thiét ké cau truc la co s6 quan trong trong viéc
sdn xudt cau truc tai Viét Nam. Nghién ciu ndy tdp trung vao viéc xdy dung mé hinh phan tir hitu
han (PTHH) két cau thép cau truc hai dam dé xac dinh kha nang chiu luc cua két cau. Trén co sé
do, phan tich da tham s6 hinh hoc cia mdt cdt dam chinh nham xdc dinh mirc @6 danh huong cua
tieng tham s6 dén néi luc va dé xudt kich thieée mdt cat hop 1y. Két qua la co sé cho viéc nghién ciru
cac mo hinh xdp xi xdc dinh nhanh néi luc cia két cau, t6i wu héa vé thoi gian tinh todn.

Tir khéa: Cau truc hai dam; Phan tir hitu han; Phén tich da tham s6; Két ciu théep, ANSYS
APDL.

ABSTRACT

Structural studies in crane design calculations play an important role in the manufacturing
of cranes in Vietnam. This study focuses on developing a finite element model of the steel structure
of a double-girder overhead crane to evaluate its load-carrying capacity. Based on this model,
a multi-parameter analysis of the geometric characteristics of the main girder cross-section is
conducted to determine the influence of each parameter on internal forces and to propose rational
cross-sectional dimensions. The results provide a foundation for developing approximate models
for rapid estimation of internal forces, thereby optimizing computational time.

Keywords: Double-girder overhead crane; Finite element method;, Multi-parameter
analysis; Steel structure; ANSYS APDL.
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1. PAT VAN PE

Trong thiét ké két cau thép cau truc hai
dam thuong dugc tinh toan theo 1y thuyét St
bén vat liéu va cac tai liéu két cau thép may xay
dung — xép d [1, 2]. Phuong phap nay cho két
qua nhanh va don gian, tuy nhién thuong dua
trén cac gia thiét 1y tuong hoa va hé sb an toan
tuong ddi 16n, dan dén thiét ké chua ti vu vé
vat li€u, trong lugng va chi phi.

Trong nhing ndm gan day, da c6 nhiéu
nghién ctru img dung phuong phédp PTHH [3]
trong phan tich két cAu cau truc, tuy nhién phan
16n tap trung vao md hinh mot dam, hodc chi
ding lai & viéc kiém tra d6 bén cho mot phuong
an hinh hoc cu thé. Cac nghién ctru phan tich c6
hé thong anh huéng ciia cac tham s6 hinh hoc
mat cit dam chinh (dam chu) trong mo hmh
cau truc hai dam dang khung khong glan van
con han ché, dic biét trong diéu kién thiét ké va
ché tao tai Viét Nam.

Xuét phat tir thuc té d6, nghién ctru ndy
tap trung xay dung mé hinh PTHH két cau thép
cAu truc hai dim c6 mat cit dang td hop, dugc
tham sb hoa bang ngon ngit ANSYS APDL [4,
5, 6] cho két qua khao sat nhanh chong. Mo
hinh cho phép xac dinh nhanh ndi luc, tng suét
va bién dang cua hé dam chinh — dam dau dudi
cac to hop tai trong 1am vi¢c dac trung, d@)ng
thoi thuc hién phan tich da tham sé dé danh gia
murc d§ anh hudng cua cac kich thudc hinh hoc
chu yéu ctia mit cit dam chinh dén kha ning
chiu luc cua két cau.

Thyc hién phan tich da tham s6 md hinh
khung khong gian tong thé cua két cdu thép cau
tryc hai dam c6 hé théng dé danh gia muc do
anh hudng cia cc tham s6 hinh hoc chu yéu
clia mit cat dam chinh (chiéu cao ban bung,
chiéu rong chiéu day ban canh va chiéu day ban
bung) dén phan b tmg suit va kha ning chiu

lyc cua két cau, qua d6 1am 0 vai tro twong doi
cua tung tham so trong thiét ké dam cau truc
hai dam.

Trén co s6 két qua mo phong va kiém
chung véi phuong phap tinh toan theo 1y thuyét
Strc bén vat liéu, d& xudt mot sb t6 hop kich
thudc mat cét hop ly cho dam chinh cau truc
hai dam, gép phan dinh huéng t6i uu hoa thiét
ké két cau thép trong diéu kién ché tao va st
dung tai Viét Nam.

2. TINH TOAN KET CAU THEP CAU
TRUC HAI DAM THEO LY THUYET
SUC BEN VAT LIEU

Hinh 1. Cau truc hai dam

Cau tryc hai dam gdm hai dam chinh,
hai dam déu, bo phan nang ha (pa-ling/xe con)
va co ciu di chuyén. Dam chinh thuong dung
mit cat thép dang t6 hop. Trong nghién ctu
nay, dbi tugng khao sat 1 dam chinh dang t6
hop lam viée cting dim dau trong cau hinh cau
truc hai ddm. Hinh 1 minh hoa mé hinh cau
truc dung dé tinh toan vai cac thong sé ky thuat
dién hinh, tai trong nang Q = 100 tan, khau
dd L = 20,5m, chiéu cao nang H = 22m. Xe
con chuyén tai xuéng hai dam chinh qua cac
banh xe, trong khi ddm dau dam nhiém lién két
va chuyén dong toan bd ciu tryc trén ray nha
Xuong.

2.1. Tinh toan két cAu thép dim chii va dim
dau theo ly thuyét sirc bén vat liéu (SBVL)

va Két ciu thép may xay dung — xép d&

2.1.1. Pwong 16i tinh todn chung
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Hinh 2. Puong 16i tinh todn ket cau thep mady xdy
dng néi chung va két cau thép cau truc

Theo tham khao [2], két cAu duoc tach
roi thanh bai toan dam gian don: dam dau, dam
chinh. Cac truong hop tinh dac trung duoc lua
chon nham tao ra ndi luc bt loi cho tung bo
phan nhu sau:

Dam chinh (mdi ddm tinh riéng): Xem
nhu ddm gian don nhip L, chiu: tai banh cia xe
con dat gan giita nhip (trudng hop gy moémen
udn 16n nhét), trong lugng ban than dam chinh
quy dan théph tai phan bd qd, giﬁng dé xac dinh
cac thong sO quan trong cuia dam.

Vi cach tach bai toan nhu trén, noi luc
cho timg bd phan duoc l4p bang cach cho xe
con chay doc nhip dé tim vi tri bat loi; sau d6
tinh Gng suat udn, tng suat cit va do vong theo
cong thirc Strc bén vat liéu, 1am co so d6i chiéu
v6i mo phong PTHH 6 cac muc tiép theo.
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Hinh 3. Biéu do noi luc cua dam chu cau truc hai
dam: a) So do tinh, b) Biéu do noi lyc,
¢) Biéu do momen.

Ngoai ra, kich thudc mat cat cia dam

chinh cling dugc xac dinh so b theo tai li¢u
[2] va cac biéu do noi luc duoc xac dinh theo
ly thuyét stc bén Vat ligu trong truong hop
tinh toan, két qua vé lyc cat va mé men udn
thu duoc nhu hinh 3. Kiém tra cac diéu kién do
bén, do cing va 6n dinh thu duoc mat cét co
dang va kich thudc nhu hinh 4.

R E L By B 0 0 BB " E o

Hinh 4. Mt cdt ngang ciia dam chii cau truc hai
dam: b_= 650mm, b = 700mm, h,= 1900mm,
6C = [6mm, 5b = [2mm.

2.1.2. Co sé Iy thuyét phwong phip PTHH
tinh todn két céu thép dam chii va dim dau

2.1.2.1. Theo Iy thuyét PTHH

Trong nghién ctu nay, phuong phap
phan tir hitu han (PTHH) dugc sir dung dé mo
phong va phan tich tmg xir chiu luc cia két ciu
thép cau truc hai dam. Co s6 Iy thuyét cia PTHH
duoc trinh bay chi tiét trong cac tai liéu [3].

Két cau cau truc duoc mo hinh hoa dudi
dang khung khong gian ba chiéu, trong d6 dam
chinh va dam dau duoc lién két toan khéi. M&i
dam duoc roi rac héa bang cac phﬁn tr dam
khong gian, cho phep mo phong dong thol cac
dang lam viéc udn, cét va xoan cua két cau. Cac
diéu kién bién duogc thiét 1ap phu hop voi so dd
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lam viéc thyc té cua cau truc khi di chuyén trén
ray.

Tai trong tic dung 1én két ciu bao gdm
tai trong nang danh nghia, trong lugng ban than
cac bd phan két ciu va cac thanh phan tai trong
quy ddi tir xe con mang hang. Cac truong hop
tai duoc Iya chon nham tao ra noi luc va chuyén
vi bat loi ddi voi dam chinh, phuc vu cho viée
danh gia d6 bén va do cimg cua két cAu.

Sau khi thiét 1ap mo hinh, bai toén can
bang tong thé cuia hé duoc giai bang phwong
phap s6 trén co so PTHH dé xac dinh cac dai
luong dac trung nhu phan luc géi tua, chuyén
vi, ndi lyc va ung suét trong cac by phan két
cau. Cac budc giai theo moé hinh PTHH duoc
so d6 héa nhu hinh 5:

trinh

Hinh 5. Cdc bude gidi bai toan phan tir dam bang
phwong phap PTHH.

2.1.2.2. Ap dung phian mém ANSYS APDL

Trong nghién ctru nay, nhom tac gia
sir dung phan tir dam khong gian BEAM189
gdm hai nut véi sau bac ty do tai mdi nat (dich
chuyén theo ba phuong va quay quanh ba truc
toa d0). BEAM189 trong code ANSYS APDL.
Vit li¢u st dung 1a thép CT3, loai thép cacbon
thong dung trong ché tao két cau thép tai Viét
Nam, c¢6 md dun dan hdi E = 2.1e5 N/mm? va
hé sé Poisson v = 0.3, md hinh khung khong
gian toan bo khi dam chu va dam dau lién két
v&i nhau.

Cac két qua thu dugc tir md phong, bao
gom bién dang, chuyén vi, phan lyc tai goi, luc

cit, m6 men udn va tmg suit phap 16n nhit,
duoc thé hién trong Hinh 6:

M6 hinh PTHH dam chinh-dam chii

Mat cdt dam chii trong khéng gian

Bién dang

Biéu do chuyén vi
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Biéu do luc cat

Biéu do mo men uon

Ung sudt theo Von Mises

Mt cdt dam chi
Hinh 6. Két qua mé phong tir mé hinh khung

khéng gian dam chii - dam dau dang code trén
ANSYS APDL

2.2. So sanh két qua tinh toan giita phwong
phap strc bén vat liéu va ANSYS APDL

Dé x4c nhan tinh ding dan ciia mo hinh
tinh trén code cia ANSYS APDL, tac gia da so
sanh ca truong hop tinh gitra phuong phap tinh
tay va phuong phap mo phong. Két qua so sanh
cia md hinh dam chu - dam dau lan luot trong
bang 1 va img suat mot s truong hop theo bang
2. Theo két qua so sanh, vé co ban cac gia tri
déu sai léch dudi 3% truong hop chuyén vi ciia
mo hinh khong gian cau truc, diéu nay chimg to
két qua tinh trén ANSYS chinh xac va mé hinh
duoc xac nhan trong truong hop tinh nay.

Bang 1. So sanh két qua mé phong dam chinh

Ung suat (N/

Thong sb Phan lyce tai B(N) | Chuyén vi (mm) | M6 men uén (N.m) m?)
SBVL 530230 28,37 4306000 124,33
ANSYS 540812 28,58 4310000 124,45
Sai léch (%) 1,95% 0,73% 0,092% 0,096%
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Bdng 2. Két qua so sanh img sudt dam chinh theo sirc bén va phan mém ANSYS APDL

TT | b(mm) | h (mm) |3, (mm) | & (mm) f&‘g;‘;a&l:;) [ST]‘;%SL“E‘;;I',‘:;’ Sai sb (%)
1 770 1520 10.8 14.4 176.775 175.98 0.45
2 770 1520 12 14.4 170.669 170.09 0.34
3 770 1520 13.2 14.4 164.97 164.59 0.23
4 840 1520 9.6 16 160.055 158.84 0.76
5 840 1520 10.8 16 155.064 154.1 0.63
6 840 1520 12 16 150.375 149.63 0.49
7 560 1710 9.6 12.8 205.137 204.43 0.34
8 560 1710 10.8 12.8 194.777 194.28 0.25
9 560 1710 12 12.8 185.414 185.08 0.18
10 | 630 1710 13.2 12.8 166.592 166.42 0.1
11 630 1710 14.4 12.8 159.964 159.64 0.2
12 | 630 1710 9.6 14.4 178.564 177.7 0.48
13 700 1710 14.4 17.6 127.473 127.02 0.35
14 | 700 1710 9.6 19.2 138.142 136.84 0.95
15 | 700 1710 10.8 19.2 133.469 132.38 0.82

2.3. Phan tich da tham sb kich thwéc mit cat
dam chu

Trén co s& mo hinh code khung khong
gian, c6 thé d& dang thay d6i cac thong sé dau
vao vé vat liéu va hinh hoc ctia dAm chu cling
nhu dam dau. Trén co s& m hinh khung khong
gian tham s6 hoa dugc x4y dung bang ANSYS
APDL, tién hanh phan tich da tham s6 nhim

danh gia dinh lugng anh hudng cua céac kich
thudc hinh hoc chii yéu ctia mat cat dam chinh
dén tng suét 16n nhit trong két cu. Cac tham
s6 duoc khao sat bao gdom chiéu cao ban bung
h,, chiéu‘r(}ng ban canh b, chiéu de‘ly béq céqh
9, va chiéu day ban bung 6, v6i mi€n bieén doi
+20% so véi gia tri danh nghia nhu trinh bay
trong Bang 3.

Bang 3. Mién khdo sat cua cac tham so mat cat

Théne sb Chiéu cao béan Chiéu rong ban Chiéu day ban Chiéu day ban
g bung h, (mm) canh b (mm) canh §_(mm) bung 6, (mm)
Gia tri danh nghia 1900 700 16 12
Khoang bién doi +20% +20% +20% +20%
Khoang gia tri [ 1520 2280] [ 560 840] [12,8 19,2] [9,6 14,4]
S6 diém xem xét | 1520, 1710, 1900, | 560, 630, 700, 770, 12.8, 14.4, 16, 9.6,10.8, 12, 13.2,
(5 diém) 2090, 2280 840 17.6,19.2 14.4
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Hinh 7. Méi quan hé giita cdc kich thirée mat cdt h, b, 4,0, dén iing sudt o mdt cdt dam chinh.

Dé danh gid anh huong cia sai s6 va
Ira chon vat liéu thép tdm, da thuc hién bién
dbi cac thong s6 hinh hoc cia mit cit dam chi
dé xét anh hudng cua cac thong so nay dén g
suét ctia két cdu theo cac gi4 tri nhu bang 3. Tur
d6 danh gia kha nang chiu luc cta két cau thiét
ke.

Xét mo hinh khung khong gian két
cau thép cau tryc, cho bién d6i gia trj 2 trong

4 thong s6 mat cét chiéu cao h,, chiéu rong b,
chiéu day ban canh § , chiéu day ban bung 6, va
hai thong s6 con lai gitt nguyén, moi quan hé
giita chiing véi (mg suat nhan dwoc nhu hinh 7.
Két qué trén do thi cho thdy chidu cao mat cat
12 anh huong 16n nhat dén kha ning chiu luc
ctia két cau.

Khi gitr nguyén cac tham s b, d, O,
va thay doi chiéu cao mit ct h, trong khoang
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[y = 1520; b = 2280] mm, két qua mo
phdéng cho thay ung suat l6n nhat trong dam
chinh giam rd rét khi h, tang. Cu thé, khi h,
tang 20% so v&i gia tri danh nghia (tr 1520mm
1én 2280mm), ng suat 16n nhit giam tir ¢ =
170.159 MPa xudng ¢ = 95.580 MPa, twong
ung muc giam 43,83%. Trong truong hop gilr
nguyén h, b, 3, va thay déi chiéu day ban
canh §_trong khoang [6 . =128 mm; 5 =
19.2 mm], tmg suét trong dim chinh ciing c6
xu huéng giam khi 6, tang. Khi 6_ ting 20%,
mg suat giam tir 140.625 MPa xubng 111.68
MPa. Khi thay ddi chiéu rong ban canh b trong
khoang [560mm; 840mm] va gilt nguyén cac
tham sb con lai, ing suét trong dam chinh chi
thay doi giam 21.55%. Két qua nay cho thay
trong mién khao sat, b va § c6 mic do anh
huong thap hon dang k€ so voih, va s .

Nhu vay, ¢6 thé xem xét thay d6i dong
th(‘;i cévc thong $6 ma}t cit h,b, 3,0, dé xét su
bien doi cua tng suat tur d6 danh gia kha nang
chiu lyc cia két cdu dam chi. Trong truong
hop nay ddng thoi giam céc thong sb xudng
nho nhat cé két qua ung suat 1a 16n nhat trong
cac to hop tinh toan nhung van dam bao nho
hon tng suat cho phép 1a [5] = 171,62 MPa.

3. KET LUAN

Nghién ctru da xay dung va ap dung
thanh cong mo hinh mé phong sé dua trén
phuong phap phan tir hitu han dé phan tich ing
xt chju luc cia két cdu thép cau truc hai dam
v6i dam chinh c6 mit cat dang t6 hop. M6 hinh
duogc thiét 1ap dudi dang khung khong gian
tham s6 hoa bang ngdn ngit ANSYS APDL,
cho phép mé phong dong thoi sy 1am viée cia
dam chinh va dam dau trong diéu kién tai trong
lam viéc thuc té.

Két qua so sanh gitta phuong phép tinh
toan truyén thong theo 1y thuyét Strc bén vat

liéu va mé phong bang ANSYS APDL cho thiy
dd sai I¢ch cua cac dai lugng dac trung (phan
Iuc géi, chuyén vi 16n nhat, mé men ubn va ung
suat) déu nho hon 1%, khang dinh do tin cay
ctia md hinh s6 duoc xay dung va kha ning tng
dung trong tinh toan, thiét ké két cau cau truc
hai dam.

Tuy nhién, nghién ctru hién tai méi chi
xem xét bai toan chiu tai tinh va chua xét dén
cac yéu td nhu tai trong dong, dao dong cua xe
con va 6n dinh cuc b cua cac ban thép. Trong
céc nghién ctru tiép theo, mo hinh s& duge mo
rong dé xét dén cac yéu tb nay, ciing nhu két
hop véi cac phuong phéap téi vu héa va mod
hinh x4p xi nhim ning cao hiéu qua tinh toan
va thiét ké. <
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