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NGHIEN CUU PHUONG PHAP TINH TOAN COT THANG NANG
PHUC VU SUA CHUA BAO DUONG PHU HQP VOT DIEU KIEN
LAM VIEC TAI CAC HOI TRUONG VA GIANG BUONG LON
THUOC CAC TOA NHA NHIEU TANG

Ha Thdm Phan'*, Pham Quang Diing’

Tom tat: Thang néng Ia thiét bi dwoc str dung trong viéc dua nquidi Ién cao dé thuc hién cac cong viéc nhu stra
chira bdo dudng thiét bi hodc thi cong cong trinh. V&i cac thang néng théng thuong hién nay thurong duoe st dung
chd yéu & bén ngoai céng trinh hodc & bén trong cac sanh tang 1 cla cac toa nha nhiéu tang. Tuy nhién, voi cac hoi
trirong hodc céc giang dudng I6n trong céc toa nha nhiéu tang khéng ¢ thiét bi ndng chuyén ding dé van chuyén
thang néng gitra céc tang thi céc thang néng st dung hién nay déu chua phi hop véi diéu kién lam viéc tai day.
Chinh vi vy, néi dung bai bao nay sé dé xuat mot phurong én thang ndng phuc vu stra chira bao duéng phu hop
vGi diéu kién lam viéc tai cac hoi truong va giang duong Ién thudce céc toa nha nhiéu tang, tir dé xay dung phuong
phap tinh toédn bé phén chinh cta thang nang Ia ¢t thang néng theo tiéu chuan cho thang ndng ché nguor.
Tirkhoéa: Thang nang; san cong tac; cot thang nang.

Research on method of calculating vertically extendable masts of lifting apparatus for repairing and
maintaining in meeting halls and large lecture rooms of multi-floor buildings

Abstract: Lifting apparatus used for raising operators and materials to an elevated location for repairing,
maintaining equipments or doing building operations. Today, the normal lifting apparatuses used only outside of
building or inside of the first floor's hall of multi-floor building. However in the meeting hall or large lecture hall of multi-
floor building which have not got any lifting equipment for moving lifting apparatus between floors, normal lifting
apparatuses are not suitable for that place. This paper suggests a new liffing apparatus for repairing, maintaining
equipment and is suitable for using in the meeting hall or large lecture hall of multi-floor building and this paper also
founds a new method of calculation vertically extendable mast complying with the mobile elevating work platforms.
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(® 1.patvinaed

Thang nang chuyén phuc vu stra chiva, bao dwéng thiét bi & trén cao duoc st dung kha phd bién hién
nay. Chuyén déng chinh cla thang nang la nang ha theo phuwong thdng ding, ngoai ra né con cé thé di chuyén
trong mat bang lam viéc. C4u tao chung cla cac thang nang hién nay (Hinh 1) théng thueng bao gdm 3 phan
chinh la san céng tac 1, cot nang ha san cdng tac 2, khung bé va chan chéng 3 [1]. Hién nay trén thé gidi da cé kha
nhi&u hang chuyén san xuét cac loai thang nang phuc vu 1am viéc & trén cao va mot sd don vi dd nhap khau loai
thang nang chuyén dung nay vao str dung & nwéc ta, trong nwée hién chwa co don vi nao nghién clru hodc san
xuét cac loai thang nang nay. Theo tac gia tim hidu hdu hét cac thang nang hién nay déu dwoc nhap khau nguyén
chiéc co kich thwerc va khéi lweng Ien [2]. Chinh vi vay, ching chi phit hop lam viéc & vi tri co mét san bang phang
va khi lam viéc & cac tda nha nhiéu tang thi phai co thiét bj nang chuyén dung dé van chuyén thang nang gicra cac
tAng can phuc vu.

Trong cac trwéng dai hoc va cac toa nha da ndng cao tang hién nay thwdng co cac hoi trwdrng va cac giang
dworng lon vai chidu cao tir san téi tran dén 10 mét. Trong cac hoi trwdng va gidng dwong nay thwdng co trang bi
cac thiét bi nhw chiéu sang, diéu hoa, thong gio, thiét bj am thanh va trong qua trinh van hanh thwéng phai bao
dwéng stra chira v&i khoi lwong cong viéc nhé 1&. Néu sir dung cac loai thang nang sén co trén thj triréng hién
nay vao phuc vu trong cac héi triedrng va giang dwong nay thi khéng pha hop vi théng thudng cac tdoa nha trong
cac treong dai hoc thudng cd tir 2+3 tang va thudng khang cb thang may dé van chuyén gitra cac tAng, ké ca
trong céc tda nha da nang cao tAng cé thang may thi cling khéng thé van chuyén gira cac tAng do khéng thé chia
thanh cac cum nhé dé dwa vao thang may.
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a) c) d)
Hinh 1. Mot s6 dang thang nang nguoi duoc st dung hién nay [1]

Vi vay, trong bai béo nay sé dé xuét phirong an kha thi thang nang phuc vu stra chiva bdo duéng theo
muc tiéu két cAu co kha nang ché tao trong diéu kién Viét Nam va ddm bao kha nang van chuyén thi cong gitra
cac tAng trong cac tda nha dé phu hop véi diéu kién lam viéc trong cac héi trwerng va giang dweng lén, tir d6 xay
dwng phwong phap tinh toan két cAu cot thang nang chuyén dung theo quy dinh trong tiéu chun vé thang nang
chd ngudi [3, 6].

@ 2. Phantich dé xuét phwong an thang nang nguwéi diing trong cac héi trwong va giang dwérng lom

2.1 Céc yéu céu dbi véi phwong an dé xuat

Dé phu hop véi diéu kién lam viéc trong cac hdi trwérng va gidng dweng Ién, phweng an thang nang dé
xuét phai dam bao cac yéu cau sau: Dam bao kha néng lam viéc an toan vai dac tinh ki thuat yéu ciu, thuan tién
thao tac; Cé kich thwéc, trong lwong nhd gon; Két cu thang nang cé thé chia thanh cac cum cé khéi lvong dudi
50+60kg dé& dam bao kha néng van chuyén béng tha céng gitra cac tang trong tda nha 2+3 tAng va dwa dwoc vao
thang may dé van chuyén |&n cac tang trong cac tda nha da nang cao tAng. Cac cum phai dam bao dé dang thao
I&p va kiém tra an toan trwdc khi dwa vao st dung; Phwong an thang nang dé xuét phai co kha néng ché tao tw
cac vat tw, phu kién sdn co trong nwée, phi hop voi diéu kién cong nghé ché tao trong nwére.

2.2 Phan tich dé xuat phwong an

Theo Hinh 1 thang ndng ngui théng thwdng gdm 3 phan |a san cdng tac, cdt nang ha, khung bé va chan
chéng, trong d6 cum san cong tac va khung bé 1a cac cum két ciu thong thwéng va co thé dé dang dap ting cac
yéu cau trong muc 2.1. Riéng phan c6t nang ha thwdng cé khéi lvong Ién va bao gdm ca phan két cdu chiu luc
cling va&i hé truyén dong nang ha san cong tac. Vi vay, dé dam bao yéu cau trong muc 2.1 can phai nghién ciru
dwara phwong an két ciu cotthang nang hop ly, co thé dé& dang chia thanh cac cumlap ghép nhé.

Theo két cu, cot thang nang co thé phan loai theo sé lwong cot (1 hodc 2 cot); theo tiét dién cot (cot kiéu
éng ldng, cdt kidu trirot canh nhau, cot tiét dién vudng, cot tiét dién hinh chir nhat); theo vat liéu st dung (cot
nhém, cot thép); theo phwong phap ndng ha san cong tac (cot dudi dai bang xylanh thiy lwe, bang dan déng cap
hoac xich)... V&i cac thang nang dung stra chiva bao dwéng trong nha thwdng c6 tai trong nang khéng Ién (< 2
nguoi) va thwdng s dung cot dang trwet trén nhau hodc cot dng 16ng dé giam kich thwdc va khéi lvong cla cot
thang nang. Cac thang nang hién nay thuéng str dung vat liéu nhém dé ché tao cac doan cot véi hé truyén déng
thwérng st dung truyén dang xich hodc két hop xylanh thiy lwc véi truyén déng xich. Phwong an nay tuy giam
khéi lwong cot nhuwng lai tdng khdi lweng khung bé do cé thém bo nguén thiy Iwe va kho chia cot thang nang
thanh cac doan nhé, mét khac viéc sir dung vat liéu nhém lam tang gia thanh va kho kha thi vai diéu kién céng
nghé ché tao trong nuée.

Qua phén tich cac dang thang nang da c6 trén thé giai hién nay, két hop véi yéu cau trong muc 2.1, tac gia
bai bao da dé xuat phwrong an thang nang cé kha nang lam viéc an toan & trén cao va hoan toan dap trng duoc
cac yéu cau dé ra déi voi thang nang can thiét ké (Hinh 2). Cot thang nang dwoc t6 hop tir nhiéu doan cot co kha
néng trwot canh nhau théng qua hé ray truwot 9 - con trwgt 11 (Hinh 2d). Tirng doan cot thang nang dwoc ciu tao
nhu mét thang leo bd théng thwéng véi hai nhanh hai bén dwoc ghép tilr cac thanh thép hdp 8 véiray trvot 9, ndi
gitra hai nhanh 1a cac thanh ngang lam bac thang 12. Hé truyén déng nang ha san cdng tac 1a hé théng truyén
doéng cap pa lang nghich théng qua co cu nang 3 dat trén khung bé phia dwéi. San céng tac 7 gan trén doan cot
di déng trén ciing, nhe co ciu nang 3 cudn cap 4 thong qua cac puly gan trén dinh cac doan cot dé kéo cac doan
cot di ddng di lén. Trong khi lam viéc s dung hé chan chéng trén khung bé 1 @& dam bao 6n dinh cho thang nang.
Dé di chuyén giira cac vi tri, thang nang phai dwoc thu gon vé& nhw Hinh 2¢ va sau dé duoc day sang vi tri mai. Co
thé thay do str dung két cAu cac doan cot trrot canh nhau va truyén dong cap bé tri bén ngoai véi cac doan cap
riéng biét nén viéc phan chia cot thanh cac cum nhé cé khédi lwong dudi 5060kg va lap ghép lai, kiém tra an toan
ratdé dang. Cac vattw va phu kién ché tao cot néu trén déu cé sdn trén thi trwéng trong nwére va hoan toan kha thi
trong digu kién Viét Nam ca v& mat cong nghé ché tao ciing nhuw gia thanh sau ché tao.
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( @ 3.Phwong phap tinh toan cdt thang nang dung trong cac héi triedng va giang dwéng Ion

Phwong an cot thang nang da dé xuét thudc loai co két ciu cot va hé théng truyén dong khong pho bién,
chwa duorc gidi thiéu trong cac gido trinh chuyén nganh va tai liéu ky thuat trong nwére. Vi vay, can phai xay dung
phwong phap tinh toan cho cot thang nang da dé xuat, ca phan két ciu 1an hé théng truyén déng trén co sé kién
thirc chuyén nganh va tiéu chuan tinh toan thang nang ché ngwéi EN 280:2013. Trén Hinh 3 va 4 trinh bay so dé
khéi trinh tw tinh toan va s do tinh toan cot thang nang do tac gia bai bao dé xuéat.

3.1 Co'sély thuyét tinh toan cét thang nang

C4u tao cot thang nang dé xuat gém nhiéu doan c6t chiu tai trong khac nhau. Vi vay dé tinh toan cot thang
nang can phaitinh riéng cho tirng doan cét, sau do td hop lai dé tinh toan cho toan bd cot.

a) Xac dinh e cang cap S, va taitrong tac dung vao cac doan cét P,

e

Hinh 2. So d‘él nguyén Iy lam viéc cua thang nang nguoi dgé xt{ét
a) Trang thai khi lam viéc; b) So dé mac cap; ¢) Trang thai khi di chuyén; d) Lién két cac doan cét di ddéng
1.Khung bé; 2.Doan cét ¢d dinh; 3.Co cau néng ha; 4.Cap nédng ha; 5.Doan cét di ddng; 6. Thanh chc‘ing;
7.San cong tac; 8.Két cau hép chiu luc; 9.Ray truot: 10.Tam Iot; 11.Con truot; 12. Thanh ngang.
Gia thiét cot cé n doan di dong (khéng tinh doan cét ¢b dinh), ky hiéu trong lwong cotthirila G, (i=1+n); lwc
céng cap dan (nang) cot thir i S, (i=1+n); lwc doc tac dung [&n cot ther (i-1) do tai tir cot thir i gay ra: P, (i=1+n). Coi
cac nhanh cap 1a thing dirng (goc nghiéng clia cap nhd), béd qua lwc ma sat trwgt gitra cac doan cot ta co:

+Trén cotthtr n: S,=Q+G,,(N) (1)
+Tréncotthien-1: P =S, +5 LN S..=P,+G,,, (N) ()
n
& = - Snfl Sn
+Tréncotthen-2:. P,=S,, +T*F . (N) S,.=P._,+G,,,(N) (3)

Twong tw o thé ap dung cdng thire tbng quat cho doan cot di dong ther i:

Pz 8, +5m S S=P.,+G,(N) (4)
n

Lwc cang cap cubn léntang: S,=S8,/n,(N) (5)

Cacgiatriluc P,dung tinh toan két ciu cot, cac gia trilwc S diing dé tinh toan hé din dong.
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b) Xéc dinh téc dé cudn cép V. va cong suéat dong co N,

Theo nhw so d6 mac cap, tang cudn 1 doan cap a thi ot di dong thir 1 nang 1én chiéu cao e, cac cot thi
(2+n) nang lén chidu cao 2e. Chidu cao nang tinh dén chan cdt cb dinh dwéi cung:

H=e +2e.(n-1) (6)

Ty sb truyén chia hé théng truyén dong cap: i= i_enim-Dite
e e

. . v V.
Tbc dé cubn cap V, ing véi V, (m/ph): V,=—t=——HX—  (m/s
6cdd cudn cap V, g vai V, (m/ph) =507 60(2n=1 (mfs)

. V
Congsuatdéngco N, N, B (kW)

“~1000m,

Lua chon hé ray trugt - con trugt |'—
!

- Xac dinh cdc thong s6 két cdu
- Lua chon két cau hdp chiu luc
( tiét dién, vat liéu)

1
Xac dinh téi trong va
td hop tinh todn
|
Xacdinh noi luc trong
cac doan ot

2n—1

kha ndng chiu luic cta
ray va con trugt

Hinh 3. So dbi khéi trinh tw tinh toén két cau Hinh 4. So dé tinh toan két céu
cét thang nang ngudi cét thang nang nguoi

3.2 Xac dinh céc théng sé két c4u ciia cét thang nang

Cac théng sé hinh hoc co ban clia két cu cot thang nang thé hién trén Hinh 2 va Hinh 4 gém nhiéu théng
s6 khac nhau va cé thé chialam 2 nhém:

-Nhém 1: kich thwére két cdu cot lién quan trwe tiép dén dac tinh ki thuat cia thang nang, bao gdm: chiéu
cao thi cdng yéu cau H, (m); chiéu cao ctia khung bé H, (m); chiéu dai lam viéc cta 1 doan cot h (m); s6 luong
doan cot di dong (khong tinh doan c6t ¢d dinh) n; chiéu dai khodng gbi [én nhau cta 2 doan cot lién tiép h, (m);
chiéu cao tdng thé ctia thang nang sau khi thu gon 1a H, =h+h, (m).

-Nhom 2: kich thwéc lién quan tiét dién clia cac doan cot, bao gobm: tiét dién cia két cAu hop chiulwc b, x h,
xt(mm); khodng cach khe hé gitra 2 cét lién tiép a = 5mm:; kich thwéc chia ray truot, con truot.

Tir Hinh 2 va Hinh 4 co thé dwa ra mét sé nhan xét nhw sau:

- Néu chon trueée h, va gidi han H, thi chi con lai théng sb n,h,h, can phai xac dinh. S lvong cot n sé ty lé
nghich vé&i h ddng thevi n ty 1& thuan véi phan lwe tac dung vao con trieot ndm trén cot 1 do khi dé canh tay don cla
taitrong Q, tdng Ién. Tuy nhién, h, sé ty I& nghich v&i véi gia tri phan lwe ndy va gia tri h sé ty 1&é thuan véi h,. Gia tri
lwc cang cap cudn léntang S, ty 1& thuan vei sd lwgng cot n.
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- Néu chon hop chiu lwc 1a thép hop chir nhat (b,>h,) thi co thé tdng kha ndng chéng udn clia tirng doan cot
tuy nhién cling sé lam tang canh tay don cua taitrong Q,.

Nhuw vay co thé thay bai toan thiét k& cot thang nang Ia bai toan t& hop nhiéu théng sb can xac dinh tuy
nhién trong pham vi bai toan thiét ké kj thuat cé thé giam bét mét s cac théng sé bang viée lwa chon trede cac vat
tw s&n co nhuw loai ray trirot, con truot tong trng va mat sé tiét dién hop chiu lwc theo quy cach va co thé 1ap duoc
con trwot theo phwong an da lya chon. Khi dé bai toan con lai viéc xac dinh cac thong sé n, h, h,.

3.3 Taitrong, t6 hop tai trong tinh toan

a) Taitrong tinh toan

Tai trong tinh toan két ciu cot thang nang dwoc tac gia 1ay theo diéu 5.2.2, EN 280-2013 bao gém cac tai
trong néu trong Bang 1 dwdi day (bo qua tai trong gio do thang nang lam viéc trong nha).

Bang 1. Tai trong tinh toan két cau cét thang ndng

Loai tai trong Khi lam viéc | Khi thi tai tinh | Khi thir tai déng |
Tai trong nang Q (N) Q,=Q+G,, | Q=125Q+G,, Q,=1,1Q,+G,,
Tai trong do trong lwgng ban than G (N) G, G, G,
Tai trong do tac dong ctia doi twgng cong tac P, (N) P, =200 0 P, =200
Tai trong lam viéc (do lwc cang cap S) P, (N) g P, P,
Tai trong do do nghiéng ctia san W, = e
(ké dén%éng r?e 4 k"=gsfna v6i 0<0,5°) Kosais 0 Ko mRi
Tai trong quén tinh P, (k& dén béng hé sé k,) b =i 0 k,=1,1

b) Té hop téitrong tinh toén

- Té hop taitrong trong trang thai lam viéc (hé s6 an toann=1,5):

+TH1.1: San cong tac dwoc nang |én vi tri cao nhat va cd ngwdi dirng trén san cong tac:
(ki *+k).(Q,+G+P)

+TH 1.2: San cdng tac & vi tri cao nhat va cd ngudi dang lam viéc trén san cong tac:
(1+k).(Q,+G+P,+P,)

- Té hop taitrong trong trang thai thie tai (hé sé an toann=1,1):

+TH2.1: Thir tai ddng (san cong tac va tai thir dong dwoc nang 1&n vi tri cao nhat)
(k;*k).(Q,+G+P)

+TH 2.2: Thir tai tinh (san cdng tac va tai thr tinh & vi tri cao nhat)

(1+k).(Q+G+P,)

3.4 Xac dinh néi Iwc trén cac doan cot Mn

Py l By P

So db tinh toan ndi lwe tirng doan cot khi /;G“ ‘__
£
1 { s [
(s = ! H -
I8 1 I
|
L—L—-

P t
dudi ra hét dwoc thé hién trén Hinh 5, ngoai cac s,
tai trong néu trén tac gia con tinh thém md men A
& G
A

tai chan cot gay ra do P, khi dinh cdt co chuyén vi
tinh moét khoang Ax. Riéng cot thir n cd thém
chuyén vitinh do lwc P, gayra: ) } )
AxPr =P B (3EI) (10) Hinh 5. .SU o:"c‘) tinh toan cé:: dogr? cOt khi du(zi ra:hé't
! ¢ a) Doan cét thir n; b) DPoan cét thir i; ¢) Doan ¢t co dinh;
d) So dé tinh chuyén vi tinh Ax, cia mdi doan cét;

=] = 0

Gia tri chuyén vi tinh Ax, (i=0+n) tai dinh cot

do mé men M, dugrc xac dinh theo cong thire [4]: A, B la cac phan luc tai vi tri Iap con truot
2 i

Ropm el e i e L (11)
2.E1 N, 4h

Xét doan cot thiy n vdi didu kién bd qua goc nghiéng clia cap nang:
_Q,.L+(Q,+ G,-S,).(a+b.)+ P.h + Q Ax,
B h

o

B

n

A, =B,-P, (12)

Twong tw véi doan cdt thir i, thay thé cac phan luc A,., va B, bidng mdt mé men udn twong dwong gan
dungtaivitridinhcétla M,, =X,,.,.h,taco:
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B = M.+ (Pa+ GE_SI)'(a + b() + B Ax;
! h

Suyravdii=1ng veicdt di dong dudicung cé:
M+ (B+ G =-5).(a +b) + PAx
- h

0

A =B

M& men uén tai chan cot cé dinh (c6t0): M, =M, + P,. Ax,

Lwc doctai chan cotcd dinh (co6t0): N, =P, +G,

3.5 Kiém tra tiét dién c6t da chon

T cac ndi lwe Ién nhat xac dinh theo muc 3.4 ng voi mdi doan c6t, tién hanh kiém tra tiét dién cot da chon
theo cac dieu kién sau [5]:

-Didukiénvédé manh: A, <[A] (17)

-Piéu kién vé db léch tam quy déi: m, <20 (18)

; ., N M M
-Didu kién v& bén: ;+T-ym+f-xm <[c] (19)

¥

N
N s 3z — il
-Bidukién vé én dinh tdngthé cliacot: ¢4 (20)

. o x= ) Ax, <[x]=H/100 1)
-Dieu kién vé chuyén vitai dinh cot[7]: pr

(@ 4.Vidutinhtoan

4.1 Théng sb dau vao

Lwa chon vi du tinh toan thiét ké cot clia thang nang phuc vu bdo dwéng stra chiva héi tridng G3 va cac
giang dwdng lon trong nha H2 Trweng Dai hoc Xay dwng. Théng sé dau vao bao gém: sd ngudi cho phép trén
san cong tac n, =1 (hay Q,=140kg); kich thuwéc san cong tac 0,6x0,6m; chiéu cao lam viéc H, =9m; géc nghiéng
lam viéc cho phép o =0,5°% chiéu cao tdng thé sau khi thu gon cotvé 1a H,,., = 2,3m; chiéu réng con trirgt nhd nhat
w=45mm Ung v&i dwdng kinh ray d=16mm; khoang cach téi thiéu gitra 2 con trvot h,,, =200mm; tdng khdi lvong
1 cum I&p khéng 16n hon 60kg; vat liéu ché tao hop chiu lwe la thép SS400 ¢é 6,,=240 N/mm’.

4.2 Tinh toén, Iva chon théng sé két cu cot

a) Tinh toan so b6

Tl cac théng sb H, va H, cé thé tinh toan, lwa chon cac théng sé hinh hoc khéc:

H =H,—1,8=9-1,8=7,2 (m)

Néu chon H, =0,25 (m) co: H=H, + H,- H,= 7,2 +1,1-0,25=8,05(m) = [xJ=H/100 = 80,5mm.

Gigi han kich thuéc H,=2,3m dé dam bao diéu kién thao tac van hanh va van chuyén qua cac clra hoi
trwdrng va giang duwéng. Gia tri s6 lwong cot téi thiéu xac dinh theo cong thirc:

B H-h  H-(H,-h,) _8,05—(2,3—0,25)_324

- h _hﬂmiﬂ (I_IO _hb)_h(]m.in (2’3 _0’ 25)_ 0’2 ’

Dwa vao didu kién vé kich thwéc bao cta hé cét va san cong tac ciing véi tham khao cac thang nang cling
dac tinh k§ thuat la chon phuong an khao sét so sanh la cotco n = (4, 5, 6, 7) doan. Gia tri h, dwoc thay di trong
khoang tir 0,2+0,5m v&ibwdc nhay 0,05m (7 giatri k).

(doan)

Lwa chon loai con trwet va ray triegt nhé nhét thwéng diing trong cac may CNC theo catalogue clia hang
HIWI[9]: con trrot SBR16LUU twong (ing véi ray trivgt SBR16 coé dwdrng kinh ray d=16mm, tai trong tinh ctia con
trwot C,=2360N. Do loai ray va con treot néu trén rat sén cé trén thi trudng véi gia thanh khéng cao nén trong vi
du nay sé cb dinh thdng sb clia ray va con trwot, tir do diéu chinh cac kich thudc khac dé dam bao kha néng chiu
Iwrc clia ray va con trwgt. Vi con trwot SBR16LUU co bé rong w=45mm cling vai diéu kién chiéu day hép chiu luc
tdi thidu 1a 3mm, co thé Iya chon ra mot sé phwong an tiét dién hdp gdm:50x50x3; 60x60x3; 75x75x3.

b) Khdo sat lira chon hop ly cac théng sé két cdu cot

C6 thé thay véi mot phwong an tiét dién hop chiu luc sé co 4x7=28 cép gia tri (n, h,). Tac gia str dung
phwong phép lap bang tinh trong Excel va thir din cac cép gia tri (n, h,). Két qua thu dwoc 1a cac cép giatri (n, h,)
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thda man cac diéu kién (17)+(21) cho & Bang 2 va 3 (tiét dién hop 50x50x3mm khdng co cip gia tri thda man).
Trong trwéyng ho'p ndy chi lay két qua tinh toan trng vai td hop tai trong 1.2 dé& so sanh. Tir cac Bang 2 va 3 tién
hanh Iap db thi thé& hién méi quan hé gitra SAx, 5,,,, £G,, X,,., khity 1& h/h, thay ddi trong trudrng hop gitr nguyén

tiét dién hop chiu lwc va sé lwong cdt n, cac dd thi dwoc thé hién trén Hinh 6.

max

Bang 2. Céc cap gié tri (n, h,) théa man céc diéu kién yéu cau khi str dung hép 60x60x3mm

n h,(m) h(m) X,,.. (N) TAx (mm) | O, (N/mm’) | 3G, (kg) hh,
n=5 0.35 1.633 2220 41.4 133.0 130.0 4.67
0.35 1.450 2139 BT 133.7 138.5 414

H=p 0.4 1.493 2087 40.3 136.7 142.6 T3
0.45 1.536 1893 43.0 139.9 146.7 3.41

0.5 1.579 1739 459 143.1 150.8 3.16

Bang 3. Cac cap gia tri (n, h,) théa man céc diéu kién yéu cdu khi str dung hdp 75x75x3mm

n hy(m) h(m) X,... (N) SAx (mm) | 0, (N/mm)| 5G, (kg) | h/h,
0.3 1.85 2315 234 81.6 180.0 6.17

0.35 1.89 2265 245 82.6 183.9 5.40

" 0.4 1.93 2003 257 83.6 191.6 4.83
0.45 1.97 1799 27.0 84.6 191.6 4.38

0.3 1.592 2534 20.3 81 186 5.31

0.35 1.633 2199 215 83 191 4,67

0.4 1.675 1949 228 83.9 195.5 4.19

0.45 1.717 1755 241 85.2 200.4 3.82

n=5 0.5 1.758 1599 255 86.4 205.3 3.52
0.55 1.800 1473 26.9 87.7 210.1 3.27

0.6 1.842 1368 284 89.1 215.0 3.07

0.65 1.883 1280 29.9 90.4 219.9 2.90

0.7 1.925 1204 31.4 91.8 2247 2.75

X

x_______.——v'v/ - TAX
= Omax

=G
S o ol

8 Lo gl bt 275 290 307 327 35 38 419 467 531
a) Voin=4 a) Voin=5

Hinh 6. Méi quan hé gitra 2Ax, ©,,, £G,, X,,., v6ity Ié h/h, theo sé liéu Bang 3

Qua cac dd thj Hinh 6 ¢ thé dwa ra mot sd nhan xét sau:

- Khi cting loai hép chiu lwc va sé lwong cot n thi gia tri h/h, ty 1& nghich véi £Ax, o
mat tai trong tac dung 1&n két ciu nhung déng thei gia tri h/h, ty nghich vai X,
dungl&n con trirot dan huéng;

o 2G.trc 1a duoc loi vé
., trc 12 thiét vé mat tai trong tac

- Do gié tri h/h, ty |& thuan va nghich véi 2 nhom gia tri théng sé khac nhau nén khi lap dé thi co thé xac
dinh dwoc diém giao cét gitra cac dworng do thi dé tim ra gia tri A/h, hop ly (Hinh 6a gia tri h/h,=4,83; Hinh 6b gia
tri h/h,=4,19);
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KET QUA NGHIEN CUU VA UNG DUNG

- Khi str dung ciing mét loai tiét dién hop chiu luc thi khi ting sb lwong doan cbt nlén sé lam tang dang ké khéi
lwong clia toan b cot £G,. Vi vay trong trérng hop nay nén chon lwa sb lwong doan ¢t nnhd nhat cé thé duoc.

Két qua khao sat cho thay phwong an két cu cét gdm 5 doan di déng va 1 doan ¢b dinh; str dung hép chiu
lwc tiét dien 60x60x3mm; chiéu dai lam viéc 1 doan cot h=1,633m; khodng tring nhau gitta 2 doan cot la
h,=0,35m; tdng khdi lwong cac doan cét £G, =130kg 1a phwong an hop ly nhat, dwoc chon dé tinh toan thiét ké
thang nang (cé thé tach thanh 3 cum, mdi cum gdm 2 doan cét, cé khdi lkong 1 cum khoang 60kg ké cac phu kién
kém theo).

(® 5.Kétluan

Trén co s& két qua thu dwoc, co thé rutra cac kétluan sau:

- D& dé xuét dwoc phwong an thang nang hop ly, phi hop véi diéu kién lam viéc tai cac hoi trvdng va
giang dwong I&n déng thdi ddm bao kha néng ché tao voi diéu kién cong nghé, vat tw sén co trong nwée, dap trng
dwoc yéu cau cip thiét cla thuc té.

- ba xay dwng phwong phap tinh toan ba phan quan trong nhét ctia thang nang 1a cot thang nang theo tiéu
chuén vé thang nang ché ngudi EN 280:2013.

-Datinh toan thiét ké cot thang nang phuc vu bao dwéng, stra chiva hdi trwérng G3 va cac giang duérng lon
trong nha H2 Trwéng Dai hoc Xay dung. Phwong an thiét ké hoan toan co thé ché tao trong nudc véi giathanh ha
va dwa vao st dung trong thwe té, tlr do co thé diéu chinh thiét ké va hoan thién dé chuyén giao ap dung cho cac
co ' so khac.
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