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Tom tit: Két cau dang vom la dang ket ciu dac biét c6 nhiing wu diém nhu: kha nang vuot nhip lon, trong
lugng ban than nhe. Két cdu vom thuong dé tao ‘nhiing 4 4n tuong manh, phd hop véi cac loai kién triic mang
tinh bleu trung nhu: cac trung tm hoi nghi qu00 gia, trung tam trién 1dm, san van dong, siéu thi, san bay,
két cAu cau... Viéc phan tich, tinh toan két ciu dang nay thuong dung phuong phép giai tich hoic sir dung
cac phan mém phan tir hitu han nhu SAP2000 hoic Etabs dé chia nho thanh thanh nhiéu phan ta. Muc tiéu
clia bai bao 1a danh gia d6 chinh xé4c ctiia phuong phéap phan ti hitu han ding SAP2000 véi phuong phap
dam tham chiéu dung loi giai giai tich.

Tir khoa. Két cau vom, kién trac vuot nhip 16n, két cdu vom trong xay dung, Mathcad Prime, Sap2000, két
cau vom 3 khap.

1DPAT VAN PE

Hién nay, viéc tinh toan xac dinh noi luc trong cac thanh vom phing c6 thé sir dung mot sé phwong phap
nhu: phuong phap sai phan hitu han, phuong phap phan tu hitu han... Nhin chung, y tudng cua cac phuong
phap nay la roi rac hoa vom cong thanh cac doan thang ndi véi nhau. Dé bai toan dat 46 chinh xac cao, so
lwong phan tir chia ludi trong bai todn cang 16n thi d6 chinh xac cang cao. Tuy nhién, van dé nay doi hoi
tai nguyén tinh toan va tiéu tén nhiéu thai gian.

Trong bai bao nay, tac gia ding phuong phap mat cat giai quyét bai toan vom 3 khop théng qua dam tham
chiéu tuong duong (hinh 1), van dé nay di duoc Nguyén Son Lam [1] cing c&c cong su nghién ciu va
cdng bd. Y tuong cua phuwong phap nay 1a xac dinh ndi luc cua dam tham chiéu twong duong vé chidu dai,
dac trung hinh hoc, tai trong va céc lién két. Sau d6, ding phuong phap hinh chiéu dé xac dinh dugc cac
thanh phan noi luc trén dam tham chiéu tir d6 xac dinh noi luc trén hé vom 3 khép bang cac phép bién doi
co ban. Tuy nhién, nghién cttu nay chwa dénh gia duoc do tin cdy, sai sé tinh toan déi véi cac dang vom
khac nhau. Do d6, trong bai bao nay, tac gia sir dung cdng cu 1ap trinh Mathcad Prime nham thiét Iap cac
ham noi luc trong vom 3 khép. Két qua nghién ctru duoc so sanh kiém chang vai cac phan mém nhu
SAP2000 [2] hay Robot Structural Analysis nhim danh gia do tin cdy cua phuong phap dé xuat. Bai béo
sir dung c6ng cu lap trinh Mathcad [3] dé phan tich noi luc vom ba khép chiu tai trong phan bé déu theo
phuong dung.

2 NOI DUNG NGHIEN CUU
2.1 Thiét 1ap cong thirc xac dinh ndi lye

© 2023 Trudng Pai hoc Cong nghiép Thanh phé Ho Chi Minh


mailto:thaiphuongtruc@iuh.edu.vn

|
T

|

|
4=

|

d———

S
:

Tac gia: Thai Phuwong Truc

Fyn

F,
T

S A S N

Mo Fyf
o' bty
\ N
Ot |
2 §
zZ

8 S =

Hinh 1: Vom 3 khap chiu tai trong dirng

Hinh 1 trinh bay md hinh phan tich ngi luc vom ba khép chiu tai trong phan b6 déu theo phuong ding.
Khao sat ndi luc tai diem K bat ky ta xac dinh dugc cac (hanh phan ndi huc No, Qo, Mo trén dam tham chiéu
[4]. Dung phuong phap hinh chiéu, ta xac dinh thanh phan néi luc Nk, Qk, Mk tai dieém K trén h¢ vom:

N, =—Qp-sing — N, - cosg
Qrx = Qp-cosp — Ny -sing
My =My —No -y

Trong do:

1)

y - Ham s6 duoc xac dinh tir phwong trinh hinh hoc cta co hé, ¢6 thé tham khao bang 1;

@ - g6c hop boi tiép tuyén tai diém K va phuong nam ngang;

Bang 1 — Mot s6 ham dang vom 3 khép thuong gap

dy
o (3]
¢ = tan Z
Phuong trinh ham s Ham tiep tuyen
Dang - f(2) —
y an ¢ = dz
12\? z
zz+<y—£+§> tang = —
Puong tron LAY
l2 f 2 (_ + _) — 72
=|—+4+= 8f‘ 2
8f ' 2
4f 8f
Parabol y:f—l—z-z2 tan<p=—l—2-z
Ellipse R g = -z
Z_ = 2
iz "y - 1-22
L e (T _nf nz
Ham sin y—fsm(l) tan(p—T-cos (T)

2.2 Quy trinh tinh toan

Phuong phép tinh todn hé vom ba khdp dung 161 giai gidi tich dugce xac dinh theo hinh 2:
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Xéc dinh céc thong sé tai trong, thong s6
hinh hoc cua vom

|
Xac dinh phan luc tai cac khap caa vom

Xéc dinh théng s6 dam tuong duong

Xac dinh ndi luc dam tuong duong

Xac dinh ndi luc hé vom 3 khép

Hinh 2: So d6 quy trinh tinh toan

3 CAC THIi DU TINH TOAN
3.1 Cac thi du tinh toan

Dé danh gia muc do tin cdy cua phuong an, tac gia d dua ra nhiéu dang bai toan khac nhau véi cac loai
vom nhu: vom gy khuc, vom cung tron, vom parabol tir loai tai don gian dén phtic tap nham dé so sanh
danh gia. Nguoi nghién cau bo qua vom dang ellipse va dang hinh sin bai 2 dang vom nay khong dugc hd
trg bai phan mém thwong mai nhu SAP2000 [2] nén tac gia khong c6 diéu kién so séanh ddi chiéu.

Thidy 1

Thi du 2

q=20K54
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- f=4m

| ) L}Sm |

Hinh 3: So db hé vom cung tron

Hinh 4: So b hé vom dang parabol

Thi du 3

Thi du 4

N L /"; -
= L
Al " | i [,

Hinh 5: So d6 hé vom géy khic

Hinh 6: So' d6 hé vom cung tron tai trong phc tap

3.2 Két qua dbi sanh

Tac gia dd 1ap bang so sanh ddi chiéu két qua tinh toan dugc thong qua 3 phuong phap tinh toan: Phuong
phdp giai tich dung Mathcad Prime [5], phuong phap phan tir hiru han SAP2000 dung phan tir thang, phuong
phép dung phén tir cong dudng tron hodc parabol twong (mg véi timg dang vom. K&t qua cac thi du duge

lap & cac bicu do.
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Biéu db so sanh két qua tinh toan cua thi du 1

Biéu db so sanh két qua tinh toan cua thi du 2
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Hinh 7: So sénh két qua luc doc, luc cit, momen ubn
trong vom ba khdp sir dung Mathcad Prime, SAP 2000
theo thi du 1

Hinh 8: So sanh két qua Iyc doc, luc cit, momen uén
trong vom ba khép sir dung Mathcad Prime, SAP 2000
theo thi du 2

Biéu db so sanh két qua tinh toan cua thi du 3

Biéu db so sanh két qua tinh toan cua thi du 4
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Moment M, (kN.m)
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Hinh 9: So sanh két qua luc doc, luc cit, momen uén
trong vom ba khdp sit dung Mathcad Prime, SAP 2000
theo thi du 3

Hinh 10: So sanh két qua luc doc, luc cit, momen udn
trong vom ba khdp sir dung Mathcad Prime, SAP 2000
theo thi du 4

Chu giai:

—*— Mathcad Prime

—+—— SAP2000 Phan tir cong

—&— SAP 2000 Phan tir thing

3.3
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3.4 Panh gia sai s6 ciia ndi lre vom ba khép
Biéu d6 so sanh d¢ chinh xac két qua giita SAP2000 v&i MathCad Prime doi v6i hé vom cung tron trong
thi du 1 duoc thé hién trong hinh 11, 12. Sai s6 gitra nfi luc vom ba khép trong trudong hop vom dang
parabol, vom dang gy khtc va hé vom cung tron dugce thé hién trén cac Hinh 13, 14, 15, 16, 17.

Tac gia: Thai Phuwong Truc

Thidu 1
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Thong qua 4 thi dy da tinh toan va so sanh két qua véi ca 2 phuong an: dung phan tir cong (v6i cong cu

curved frame) va phan tir thang (voi cong cu straight element frame), mot s6 két luan dugce rit ra nhu sau:

e Theo két qua thi du 3 (hinh 5), ngi lyc tinh toan giita Mathcad Prime va Sap2000 c6 sai léch khong dang
ké dudi 1% (hinh 15). Pay 1a két qua rat tot, khang dinh do tin cay cua phuwong phép va tinh chinh xac
cuia giai thuat lap trinh ding phuong phap théng s6 ban dau.

e Ddi véi thi du 1 (hinh 3) khao sat bai toan don gian ¢ dang dbi xang 1a vom tron 3 khop chiu tai trong
phan bé 1a hang sb nham kiém tra su hop ly cua két qua noi luc. TAc gia nhan thay 1a biéu d6 luc cat cd
tinh phan xtng va biéu dd moment c6 tinh ddi xing va tron min trén toan hé pha hop voi céc tinh chat
co ban cuia co hoc. Qua ddy, ngudi nghién ctru ciing nhan thay sy khéac biét rd rang két qua phan tich giira
phan tir thang va phan tir cong (hinh 11 & 12): tinh lién tuc caa phan tir cong tét hon so véi phan tir thang.
Tuy nhién, khi so sanh két qua véi Mathcad thi d sai léch 1a dang ké (hinh 11 & 12): trong mét s6 truong
hop mirc d6 sai léch cua phan tir cong 1a trén 90% (hinh 12) va phan tir thang 1én dén 600%. Két qua cho
thay sai sb khi sir dung phan tir thang trong phan mém SAP2000 16n hon nhiéu so véi phan tir cong khi
chia lugi vom cling s6 lwong phan tu.

e Thi du 2 khao sat bai toan vom 3 khép ¢ dang hinh hoc parabol thé hién & hinh 4. Biéu d6 so sanh két
qua (hinh 13 & 14) cho thiy sai s dat gia tri 150% khi sir dung phan tir thang va 10% vai phan tir cong
parabol. Do d6, ndi luc vom khi sir dung phan tir cong dang parabol c6 d tin cay cao hon.

e Bai toan vom 3 khép cung tron nhung tai trong tac dung phan bd déu bac nhat dugc khao sat trong thi du
4 (hinh 6). Két qua thu duoc (hinh 16 & 17) véi sai sb rat 16n. Truong hop phan tir thang va ca phan tu
cong 1én dén 70%. Nhu vay, dang tai trong va dang hinh hoc cua vom anh huéng dang ké dén két qua
noi luc vom.

Két qua nghién ciu cho thay, khi sir dung cac phan tu thang va cong cua phan mém SAP2000 trong mé

phong tinh toan két cau dang vom, sai s6 cua noi luc tang dan khi tai trong phan bé c6 dang phuc tap.

KET LUAN

Qua ket qua nghién ctu, tac gia nhan thay rang viéc phan tich noi luc cac bai toan dang vom 3 khop hay

két cau dang cong ndi chung khi st dung phan mém SAP2000 can phai than trong. Bén canh d6 tac gia

cling d& xuét hudng nghién ctu tiép theo nhu sau:

e Mot 13, can c6 nhiéu nghién ctru nham cai tién phan tir cong dé co duoc két qua déng tin cay hon dic biét
dbi voi dang tai phuc tap;

e Hai 13, nghién ctiru mot sé dang phan tir cong khac ngoai dang phan tir tron, parabol nhu ellipse, dang
hinh sin. Hién nay SAP2000 chua c6 dang phan tir nay;

e Ba I3, phat trién hudng nghién ctu ndy dung Mathcad Prime voi bai toén tai trong ngang (tai gio). Trudc
mat hd trg cac ki su thiét ké trong viéc tinh toan céc bai toan phing dang cong trong khi chd doi cac
nghién ctiu cai tién phan tu cong.
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EVALUATION OF ERROR OF INTERNAL FORCE PROBLEMS OF THREE-JOINT
ARCH SYSTEM USING SAP2000
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Abstract. The arch structure is special the following advantages: the ability to overcome great spans, and
light self-weight. The arch structure often easy to creates strong impressions, suitable for iconic architecture
such as national convention centers, exhibition centers, stadiums, supermarkets, airports, bridge
structures... Structural analysis of this type often calculus methods or uses finite element software such as
SAP2000 or Etabs to subdivide the bar into many elements. The paper’s objective is to evaluate the error of
the finite element method using SAP2000 with the reference beam method using the calculus solution.
Keywords. Arch structure, large span architecture, arch structure in construction, Mathcad Prime, Sap2000,
3-joint arch structure.
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