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TOM TAT

Bai bao trinh bay tom tat cac két qua nghién ctru, tinh toan thiét ké cong truc chuyén
dung phuc vu thi cong tuyén ham ngam bang may khoan ham TBM tai dw an dwong sat
do6 thi. Tt d6 dwa ra cac de xuat, giai phap thiét ké va khai thac hop ly thiét bi nay.

Tir khoa: Thiét ké cong truc, cong truc chuyén dung, cong truc phuc vu thi céng
ham.

ABSTRACT

This paper summarizes the research results and design calculations for a
specialized gantry crane used in the construction of underground tunnels using a TBM
(Tunnel Boring Machine) in the urban railway project. From there, proposals and technical
solutions for the design and exploitation of this device are provided.

Keyworrd: Design gantry crane, specialized gantry cranes, equipments for TBM,
underground tunnels, serving TBM tunnel drilling machines.

1. DAT VAN BE



Trén thé gi&i hién nay céng nghé thi cdng hAdm bang may dao TBM (Tunnel Boring
Machine) da dwoc sir dung rat nhiéu tai cac dw an dao ham ngam nhét 1a déi véi cac dw
an dao ham ngam cho tuyén Metro d thi. D4 c6 nhiéu nghién clru lién quan dén dia chét,
v két cu cong trinh hdm ngam khi thi cdng bang may dao TBM [1],[2],[4] mot s nghién
ctru vé& anh hwéng cla dia chat cdng trinh t&i d& mai mon cua thiét bj khién dao trong
may khoan TBM, ciing nhv anh hwéng cta diéu kién dia chat t¢i hiéu qua khai thac may
da dwoc dé cap toi [3].

Trong cac tai liéu da cong bd déu chi maéi dé cap dén van dé xt&r ly va van chuyén
bun thai trong ndi bd khoan dao ctia may TBM [3],[5],[6] (thwéng van chuyén bang bang
tai va vit tai), tac gia chwa thiy c6 cong trinh nghién clru ndo dwoc cong bd lién quan
dén cong nghé van chuyén bun thai tir day khoang dao Ién trén mat dat dé van chuyén
di xtr ly, d&c biét 1a cac cdong bd nghién ctru lién quan dén st dung cong truc trong céng
nghé van chuyén bun thai tai cac tuyen ham ngam cda dy an dwéng sat do thj hién tai
chwa thay c6 tai liéu nao dwoc céng bd.

M6t sb tac gid nwéc ngoai [1],[2],[3], cac tac gia trong nwédc da cong bd cac két qua
nghién ctu lién quan dén tinh toan déng lwc hoc, diéu khién, két cau thép, phan mém
thlet ké can truc, cau truc cé cong dung chung str dung trong céng nghiép [7],[8], phan
mém thiét ké cdng truc chan dé chuyén dung trong thay dién cling da dwoc cdng bd [9].
Thiét ké chuan va quy trinh céng nghé ché tao cbng truc da dwoc cong bb trong tai liéu
[10] tuy nhién két qua nghién ctru nay chi ap dung dwoc véi cac loai cong truc cé cong
dung chung. Cac nghién ctru, tinh toan, thiét ké loai cdng truc chuyén dung phuc vu viéc
van chuyén bun thai tai cac tuyén ham ngam cla dw an dwdng sat do thi khi thi cong
bang may dao TBM tac gid chwa thay cong bd. Do vay viéc nghién clru tinh toan, thiét
ké két cdu thép cla loai cong truc nay la mdt phan quan trong trong qui trinh tinh toan,
thiét ké loai cbng truc chuyén dung phuc vu viéc van chuyén bun thai tai cac tuyén ham
ngam cla dy an dwong sat do thi khi thi cong bang may dao TBM.

DPé c6 thé thiét ké dwoc thiét bi nay chung ta can phai hiéu dwoc cong dung, cau
tao cla thiét bj dé tr d6 dé ra dwoc phuo’ng phap tinh toan dung dan, sat véi yéu cau
lam viéc thuc té cha thiét bi. C4u tao ctia cdng truc dwoc trinh bay trén Hinh 1.
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01 khoang dao hé; 02 thanh véch bé téng khoang dao hé; 03 éng hdm thir nhét;
04 bé chira bun thai: 05 hang rao chan; 06 chan chinh céng truc; 07 xe toi 45 T (01); 08
dém chinh céng truc; 09 xe toi 45 T (02); 10 thung chira bun thai: 11 hé cép dién xe toi;
12 c4u thang bé; 13 cam dé thung chira bun thai: 14 cau thang; 15 xe 6t6 ché bun thai;



16 6ng ham thir hai; 17 hé gidng khoa dam chinh; 18 dam néng thung chira bun thai; 19
chéan phu; 20 dém d& chan cong truc; 21 cum di chuyén; 22 hé cap dién cho cong truc.

Hinh 1. Téng thé cbng truc.

Nguyén ly 1am viéc nhw sau: May dao TBM sé tién hanh dao cét dat, da va hoa tron
v&i dung dich khoan tao thanh hén hop bun thai sau dé sé& duwoc hé thdng vit tai van
chuyén 1&n db vao hé théng sang ciia may dao TBM (dé tach riéng nwéc va vat liéu), vat
liéu sau khi tach sé dwoc cip vao hé thdng bang tai hodc db vao xe skip va van chuyén
ra phia sau may dao réi sau dé x& xudng cac thung chra bun thai (10) dwoc dat trén cac
toa xe di chuyén trén hé thdng duwong ray dat sén trong dng hAm da khoan va di chuyén
vé phia khoan dao hé. Tai vi tri khoang dao h&, nguwdi diéu khién sé diéu khién dé cum
toi nAng sé ha dam nang (18) xubng phia dwdi day cla khoang dao hé va sau dé nang
thung chra bun (10) 18n trén thoat khdi miéng khoang dao, tiép tuc di chuyén xe toi (07)
dé van chuyén (10) t&i vi tri ddm d& (13), sau khi cac tai d& tai day thung (10) & nam &
tri c6 dinh trén dam d& cong xon (13), diéu khién co cdu nang cda tdi (07) ha cum dam
nang (18) khi d6 bun thai sé dworc trat ra khdi thung chira (10) xudng bé chira bun (04)
hodc db 1én 6 t6 chuyén dung ch& bun (15).

2. NOI DUNG TiNH TOAN
2.1. Xac dinh théng sé ky thuat

Dwa trén yéu ciu cla céng nghé thi cdng [11],[12] mé&t bang thi cong, yéu cau vé
kich thwéc hinh hoc cta thung chira bun thai, tai trong hang nang can thiét va cac qui
dinh, tiéu chuan thiét ké thiét bi nang [13],[14] tac gia da tinh toan lwa chon mét sé thdng
sb co ban cta cdng truc nhw sau:

- Tai trong hang nang 1&n nhéat: Q = (45 + 45) tan; khau d6 cong truc Lk = 22,7 m;
chiéu cao nang I&n nhéat Hnang = 28 m (trong d6, c6 18 m chiéu cao nang nam phia dwdi
ma&t nén); van té¢c nang hang Vnang= 11 m/ph, van téc di chuyén xe t&i thung chra bun
thai Vac= 20 m/ph; Van téc di chuyén cdng truc khi lam viéc v&i tai danh nghia Vac= 20
m/ph.

2.2 Tinh toan, thiét ké két cau thép

Dé tinh toan, thiét ké két ciu thép cla cbng truc tac gid da st dung phan mém SAP
2000.

DPéi v&i méi trwdng hop tinh toan (twong ng véi cac vi tri khac nhau cla tai trong),
trinh tw tinh toan nhw sau:

- Xay dywng md hinh (Xac dinh théng sb hinh hoc, gan so b chung loai vat liéu cho
cac thanh);

- Xac dinh cac tai trong tac dung va té hop tai trong tac dung 1én két cau;
- Giai bai toan bang phan mém SAP 2000;
- X&c dinh cac vi tri nguy hiém trong cac thanh cta két cau cong truc;

- Tinh toan kiém tra bén cho cac thanh (néu dat thi gitr nguyén chiing loai vat liéu,
néu chuwa dat thi thay thé bang chung loai vat tw khac).

2.3. Tai trong tac dung



Can c theo tai liéu [15], tac gid da tinh toan cac tai trong tac dung 1én cbng truc:

a. Tai trong hang nang Qon

- Tai trong hang nang Qon= Gh +Gm

Gnh - Khéi lwgng bun dwoc chira trong thung Gr= V1c.y = 22.1,4= 30,8 (Tan)

Vic - Thé tich thung chira Vic= 22 (m?3); y- Khéi lwong riéng bun thai y = 1,4 (TAn/m?)

Gm - Khéi lwgng ban than cda thung chira bun Gm = 14,2 (Tén)
Trong lwong hang nang Qon= (Gnh +Gm).g = (30,8+14,2).1000.9,81= 441450 (N)

b. Tai trong ban than Gpt

Bang 1. Trong lwong mot sé bd phan két cdu cua cong truc

Két cau Ki hiéu | Khéilwogng | Trong lwong
(kg) (N)

Thung chira bun thai (cé chira bun QoN 45000 441450
thai)
Xe t¢i 45T (01 xe toi) Gt 8000 78480
D&m chinh (02 dam) Gae 31846 312409
Chan chinh cdng truc (02 chan) Gent 8422 82619
Chan phu cbng truc (02 chan) Geh2 6340 62195
DAm dau (02 dam) Gad 6178 60606
Gidng chan Gaen 2733 26810
Giang chan (cdng chao) Geoch 3466 34001
Cum di chuyén (04 cum banh xe, banh Gdc 4000 39240
rang, dong co)

Tai trong ban than ctia cong truc dwoc tong hop theo Bang 2.

Bang 2. Tai trong tap trung va tai trong phan bd do trong lweng ban than

Loai tai trong Ki hiéu | Taitap | Ki hiéu Gia tri tai
tai tap trung tai phéan bo trén
trung (N) phan 01 ket cau

bo (N/mm)
Trong lwong thung chira bun thai | Qon 441450
(c6 chra bun thai)
Trong lvgng xe toi45 T (01 xe t&i) Gxt 78480
Trong lwong dam chinh (02 dam) Guc 312409 Qdc 5,92
Trong lwgng chan chinh céng truc Geh1 82619 Qch1 4,348
(02 chan)




Trong lwong chan phu cbéng truc| Gene 62195 Qch2 3,27
(02 chan)

Trong lwong dam dau (02 dam) Gad 60606 Qdd 2,754
Trong lwong giang chan Gyen 26810 Qgch 1,54
Trong lwong giang chan (céng | Geoch 34001 Qcoch 2,83
chao)

Trong lwong cum di chuyén (04 | Gac 39240

cum banh xe, banh rang, déng

co)

c. Tai trong tinh toan khi nang - ha hang Qrr

Qrr= ¥ (Gh +Gm).g (N) (1)

Theo tai liéu [6] v&i van tdc nang Vi = 11 m/ph tinh chon dwoc W= 1,25).

Qrr= ¥ (Gh + Gm).g = 1,25.(30,8 + 14,2).1000.9,81= 551.812 ( N). Tai trong tac

d. Tai trong quan tinh Fqt

dung 1&n 01 banh xe ciia xe toi Px = Qrr /4. Vay Pxi= 551812 /4= 137953 (N)

- Tai trong quan tinh khi di chuyé&n cbng truc va di chuyén xe toi (co hang)

Fqt=mg.a (N);

2)

(Theo tai liéu [6] Va = 20 m/ph twong dwong 0,33 m/s v&ia = 0,089 m/s2. G = 9,81

m/s?)

Bang 3. Tai trong quan tinh tap trung va phan bé tac dung I&n két ciu cbng truc

Loai tai trong

Ki hiéu
tai tap
trung

Tai tap
trung

(N)

Gia tri tai
phan b6
trén 01 két
cau

(N/mm)

Ki hiéu
tai phan
bo

Tai trong quan tinh do trong lwong
cua thung cha bun thai (c6 chira
bun thai) va xe tdi khi cdng truc di
chuyén doc dwéong ray. Tac dung
vudng goc véi dam chinh tai diém
chinh gitra dam chinh

th1

171576

Tai trong quan tinh do trong lvong
cua thung chra bun thai (cé chira
bun thai) va xe toi 45T (01 xe toi)
khi di chuyén doc dam chinh. Tac
dung tai diém dau dam doc theo voi
dam chinh

th2

171576

Tai trong quan tinh dam chinh (01
dam) khi cong truc di chuyén doc

th3

51547

1,954

Qat1




duwong ray. Tac dung vudng goc voi
dam chinh

Tai trong quan tinh chan chinh cdng Fata 18055 5,76 qat2
truc (01 chan) khi cbng truc di
chuyén doc dwérng ray. Tac dung lén
chan chinh theo hwéng doc dwdng
ray di chuyén

Tai trong quan tinh chan phu cdong | Fas 44502 4,68 Qch3
truc (01 chan) khi cbng truc di
chuyén doc dwérng ray. Tac dung lén
chan phu theo hudng doc duwdng
ray di chuyén

- Tai trong quan tinh Fqt1, Farz, xay ra khi phanh hdm dwoc coi nhw I tap trung tac
dung Ién dam Chl'r!h. eqs, Fata ths xay ra khi phgnh ham dwoc coi nhw lwc phéan bo déeu
lén cac bé phan két cau chan, dam chinh cua cong truc

d. Tai trong gid6 Fq 3)
Tai trong gi6 dwoc tinh theo cong céng thirc chung Fg = Fo. k1.k2. go (N)

~ Fo: Dién tich chiu gi6 (m?); ki: H& s dién tich chiu gié clia mat cat két cau; kz: Hé
s0 tinh dén chiéu cao chiu gio cla két cau; qo: Ap lwc gioé don vi Ién két cau (N/m?).

- Tai trong gi6 tac dung 1én dam chinh (theo phwong vudng géc véi dam chinh) Fg1=
Fo. k1.k2. qo.

Fo: Dién tich chju gié ctia dam chinh Fo= h.Lac = 1,8 .26,368 = 47,46 (m?); ki=1
(Dam chinh 1a dang dam hop kin, truc cao 1800 mm, réng 750 mm, dai 26368 mm), k2
=1 (Chiéu cao cutia két cau chiju gié H = 11 mét). qo =250 (N/m2. Khi d6 Fg1= Fo. k1.k2. qo
=47,46.1.1. 250 = 14656 (N).

- Tinh toan tuong ty tac gia thu dugc két qua nhw Bang 4. Tai trong gi6 tac dung
lén phwong doc v&i hang nang (Co thé bd qua do tiét dién chiu gié cia hang theo phwong
nay nho)

Bang 4. Tai trong gi6 tap trung tac dung I&n cdng truc.

Tén goi Tai trong gio tap Tai trong gié phan bo
trung
Ki Gia tri (N) Ki hiéu Gia tri
hiéu (N/mm)
Trong gi6 tac dung 1én dam | Fygr 14656 Qg? 0,555

chinh (theo phwong vudng goc
v&i dam chinh)

Tai trong gio6 tac dung 1én ddm | Fg2 337,5 Qg2
chinh (theo phwong doc voi

dam chinh)

Tai trong gi6 tac dung Ién hang | Fgs3 4600 Jg3

nang (theo phwong vuéng goc
thung chira bun thai)




Tai trong gi6 tac dung Ién chan Fga 2671 dg3 0,281
chinh cha c¢éng truc (theo
phwong vudng géc véi dam
chinh)

Tai trong gi6 tac dung 1én chan | Fgs 1781 Qg4 0,187
phu cGa c¢bng truc (theo
phuwong vuéng goc véi dam
chinh)

Fg1- Trong gid tac dung lén dam chinh (theo phwong vuéng goc véi dam chinh); Fg2
- Tai trong gi6 tac dung 1én dam chinh (theo phwong doc véi dam chinh); Fgs - Tai trong
gi6 tac dung lén hang nang (theo phwong vuéng géc véi chiéu dai ctia thung chra bun
thai); Fgs - Tai trong gio tac dung I&n chan chinh cta céng truc (theo phwong vudng goc
v&i dam chinh); Fgs - Tai trong gié tac dung 1&n chan phu cla cbng truc (theo phwong
vudng géc véi dam chinh). Tai trong gié Fg2. Fgs dwoc coi nhw la tai tap trung tac dung
lén chan cdng truc & vi tri dinh cGa chan heh = 9500 mm.

e. T6 hop tai trong

T hop tai trong tac dung 1én két cAu bao gdm: Tai trong ban than, tai trong clta bo
toi nang, tai trong gio, tai trong hang nang, tai trong dong do qua trinh phanh h&dm hang
va di chuyén cong truc.

- T6 hop bao gom: (Tinh tai + Tai trong gio) tdc dung dong thoi 1én két cau theo
hwdng bat loi.

2.4 Trwwong hop tinh

- Trwdng hop 1: 02 xe t&i cla cdng truc dirng tai vi tri ha hang gan ddm céng xon
(01 xe t&i dirng sat chan phu, 01 xe tdi dirng vi tri ngoai cdng xon dam chinh), déng thoi
thwe hién nang hang, thwc hién phanh ham khi nang hang, chiu tac déng cula tai trong
gi6 tac dung lén két cAu, tai trong quan tinh khi di chuyén xe toi.

Cac tai trong tac dung : Qrr + Gt + Fg + Fqt

- Tai trong hang nang Qrr dwoc phan chia déu cho 02 xe toi (tai trong nang danh
nghia cta mbi xe toi sé la 45 tAn thong qua 04 cum banh xe truyén tac déng lén dam
chinh tai vi tri dlrng cla xe t&i (rng v&i vi tri tdm cta moéc treo cua thung chya bun thai).
Tai trong ban than Got (Got1, Gorz, Gois...) cac tai trong nay dwoc coi la phan bd déu 1én
cac bo phan két ciu. Tai trong quan tinh Fqt (Fqt2) phat sinh khi cac xe t&i di chuyén (co
tai nang) dan tir gitra dam ra phia chan d& dong thoi két hop phanh hdm. Céac lwc nay
dwoc coi nhw lyc tap trung tac dung Ién phia dinh cia chan d6.

- Trwong hop 2: 01 xe toi (45 tan) cla cong truc thire hién nang hang, thuc hién
phanh ham khi nang hang tai vi tri chinh gitra cta dam chinh, chiju tac doéng cua tai trong
gi6 tac dung lén két ciu. Tai trong quan tinh khi xe toi di chuyén doc dam chinh.

Cac tai trong tac dung : Q'rt + Got + Fg + Fqt

- Tai trong hang nang Q'rr tai trong tinh toan cho 01 xe t&i (tai trong nang danh
nghia cta 01 xe t&i sé& la 45 tan théng qua 04 cum banh xe truyén tac dong lén dam
chinh tai vi tri chinh gitra ddm (ng vé&i vi tri tdm clia méc treo cuia thung chra bun thai).
Tai trong ban than Get (Got1, Gor2, Gois...) cac tai trong nay dwoc coi la phan bd déu 1én
cac bo phan két ciu. Tai trong quan tinh Fqt (Fai2) phat sinh khi cac xe toi di chuyén (co



tai nang) dan tr gitra dam ra phia chan d& déng thoi két hop phanh ham. Lwc nay duoc
coi nhw lyc tap trung tac dung Ién phia dinh ctia chan d&

- Trwong hop 3: 02 xe toi clia cong truc ding tai vi tri ha hang gan dam céng xon
(01 xe toi ding sat chan phu, 01 xe toi dwng vi tri ngoai céng xon dam chinh), déng thoi
thwec hién ha hang xudéng dam cong xon cua chan d& ( cap tai chung), thwe hién phanh
ham khi ha hang, chiju tac déng cla tai trong gio tac dung lén két cau.

Cac tai trong tac dung: Qrr + Gt + Fg + Fqt

- Tai trong hang nang Qrr dwo'c phan chia déu cho 02 xe tdi (t&i trong nang ctia méi
xe toi sé la 45 tan théng qua 04 cum banh xe truyén tac ddng I1&én dam chinh tai vi tri
dirng cua xe t&i (rng v&i vi tri tm clia moc treo cha thung chira bun thai). Tai trong ban
than Got (Got1, Gz, Gois...) Cac tai trong nay duoc coi la phan bo déu lén cac bo phan két
cau.

- Trwong hop 4: 02 xe t&i clia cdng truc dirng tai vi tri ha hang gan dam céng xon
(01 xe t&i dirng sat chan phu, 01 xe tdi ding vi tri ngoai cdng xon dam chinh). Céng truc
di chuyén cung hang nang doc theo dwdng ray, dong thoi thwe hién phanh ham khi di
chuyén, chiu tac ddng cla tai trong gid, tai trong quan tinh khi phanh ham trong qua trinh
di chuyén cbng truc.

Cac tai trong tac dung: Q11 + Got + Fg + Fat

- Tai trong gi6 Fg (Fg1, Fgs, Fg4). cac tai trong nay dwoc coi la phan bo déu tac dung
Ien ket cau theo phwong vudng goc voi dam chinh. Tai trong quan tinh Fat (Fat1,Fat2 ,Fats...)
Fqts, Fata, Fqts phat sinh cOng truc di chuyén doc duwdng ray dong thoi két hgp phanh ham.

2.5. ’'ng suat cho phép
c, 4
fo1= % )
n

Trong do:

oe: Gidi han chay ciia vat lisu (N/mm2). Déi véi vat liéu 1a thép SS400 co oe= 240
(N/mm?2); n: Hé sé an toan. Béi v&i cdng truc dang xét, dé tinh toan bén cho phan két cau
thép trong trwerng hop nguy hiém nhét 1a nang hang véi tai trong Ién nhat, dong thdi chiu
ca tai trong gio thi theo tiéu chudn TCVN-4424-2005, tai liéu [14] gia trin = 1,5.

G, _ 240

n b

Vay gia tri 'ng suét cho phép: [c]= =160 (N/mm?)

2.6. Xay dwng mé hinh tinh toan

Bai toan dworc mé hinh hda trong phan mém SAP 2000. Mé hinh nay dwoc thé hién
trén Hinh 2:

Hinh 2. Mé hinh cbng truc dwoc xay dwng trong phdn mém SAP2000.



2.7. Xac dinh so b kich thwé'c mit cat cha cac két cau dién hinh

Can clr theo cac hudng dan thiét ké trong tai liéu [13], [14] va ho so ky thuat vé cong truc
long mén cua Cong ty CO phan San xuat - Thwong mai Dai Dwong [15]. Cac kich thwdc cua
nhirng két cau co ban dwgc thé hién trén cac Hinh 3, Hinh 4, Hinh 5, Hinh 6, Hinh 7.

1500 750

T * 1800
2 = - ‘ O ‘ |
! J | \ ]
0 10 ] f
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Hinh 3. Mé&t c&t chan chinh bén trén va bén duéi. Hinh 4. M&t cat dam
chinh.
= i
10 8 g |
E 10 _ 0 10
760 570 ' 570 f

Hinh 5. Mat ct chan  Hinh 6. M&tcat dam dau.  Hinh 7. Mat cit giding chan.

Béng 5. D&c trwng hinh hoc mot sb két cau.

Tén cau Dién Mémen M6émen Momen Momen
kién tich quan tinh | quan tinh | chong uon chong uon
at W22 =
e | Jumdx | Ja=dy Was = Wy(mm?)
(mm3) (mm3) Wx(mm?3) y
F
(mm?)
Mat cat dam | 49352 2,4.10"° 4,9.10° 26,67.10° 12,3.10°
chinh
Mat cit chan | 44600 | 1,37.1070 4,7.10° 18,3.10° 12,5.10°
chinh  phia
trén
Mat cat chan | 29600 2,7.10° 2,7.10° 7,2.10° 7,2.10°
chinh  phia
dudi
Mat cat chan | 28600 2,7.10° 3,1.10° 7,2.10° 8,2.10°
phu




Mat cat giang
chan

31600

4,5.10°

2,0.10°

9,0.10° 6,67.10°

Mat cat dam
dau

27000

2,87.10°

1,22. 10°

6,6.10° 4,8.10°

M3t cat dam
cbng xon d&
thung chwa
bun

25600

1,95.10°

1,54. 10°

5,2.10° 5,2.10°

2.8. Tinh noi lwc két cau

Qua phan tich trén phdn mém tinh toan 04 trwong hop lam viéc dién hinh clia két
céu tac gid nhan thdy dam chinh chiu lwc béat I&n nhat tng v&i trudng hop 2, hé chan
chinh dworc tinh toan trng véi trwerng hop 4, hé chan phu va dam céng xon dwoc tinh
toan &ng v&i trudng hop 3. Biéu d6 va gia tri ndi lwc tai cac vi tri nguy hiém thé hién nhw

Sau:

a. Dam chinh (Phan t» 01)

A
AN
oo i\
3 3 I\
[ I [ \
L [\
- i 4
AR / ¥
/N g g / /
/ h— 3 3 — /
/ A E £ i /
/ /A B | /
. /A 8k I\ /
\ Y P
A 4

Hinh 8. So d6 lwc tac dung 1én két cAu.

Diagrams for Frame Object 1 (Dam chinh)

End Length Dffset (Location] | -~ Display Options

Case [Tnonghop 1 - \End |at 53
tems [Majar (v2 and M3 | [Single valued +

JEnd |0k 51
0.000

0.000mm
1000 wm)

mm

 Seroll for Walues
@ Show May

[28240.00 mm)

Resultant Shear

Shear V2
41884847 N
at 4560.00 mm

Resultant Moment

Moment M3
2077578058 M-mm
&t 17326.00 mm

Deflections

Deflection (2-dir)
23115258 mm

at 1615267 mm
Positive in -2 direction

 Absolute

FRieset to Initial Units

" Relative to Beam Minimum

Dare

Equivalent Loads - Fres Body Disgram (Concantiated Forces in N, Concenirated Moments in K]

Dist Load [2-dir)
22 73N/mm

2t 2363011 mm

i Positivein 2 diection

& Relative to Beam Ends

Units |N.mm.C =

Hinh 10. MOmen udn Ms; cua dam chinh.

b. Chéan d&

Hinh 9. Biéu dd mémen Mss.

Diagrams for Frame Object 1 (Dam chinh)

End Length Offsst (Locatior); - Display Dptions
@ Serol forValues
m £ Show Max
(0.00 mm)
JEnd: [Je 51 Localion

0.000 rim
(2824000 o) 1735553 mm

Equivalent Loads - Free Body Diagram (Conceniated Ferces in N, Concenated Moments in M-
. Dist Load [3-dir)

i 056 /om
1738559
Pusitive in -3 diection

Case |Tuonghop 1 v
tems [Minor (3 andM2) | [Single valued v

|-End: |Je 53
0.000 ror

18471 8506

Resultant Shear

Shear ¥3
BFI0EN
[ at17355.53 mm

Resultart Moment:

Moment M2
24144511 4 N-mm
2t 17355.59 mm

Deflections:

Deflection (3-dir)

1581607 mm

1735 53 mm

Postive in 3 drection
O dhsolute.  Relative to Beam Minimum @ Relative to Beam Ends

Rsetto il Units Unis [N.mm.E v

Hinh 11. MOmen udén Msscua dam
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Hinh 12. So d6 lwc tac dung lén két cdu.  Hinh 13. Biéu d& mémen Mz.

a5ll

75505, gg|

ety
T
3

2 DY

Hinh14. Biéu d6 Iwc doc. Hinh 15. Biéu 36 mémen Mss.

Disgrams for Frame Object 20 (Mat cat chan thay doi
Diagrarms fr Frame Object 71 (Mat <at chan thay doi) Disgrams for Frame Object 20 (Mat cat chan thay do
End Langgh Dftset Lecation) | Dispiey Dptions
i 1 End End Lengi as Lccoion) | Dispsy Opicns ErdLengh Dffet Losalion] | | Diplay Opfons
a5 =] [Srgevaed =] oo Cate [Tuerghen = SerolfonVehase —_—
o [Wiagor 172 anabez) =] . | Case [Tronghon 1 C s =
| O | T Bl & ShowMar e 5] ® el
sera ) 3 lems [asd Pard ) v|[Sngevared v @ ShowMax
100
5000w

e Morments 1 el
Dist Losd (3

Eauivalert Losds - Fres Body Disgram [Concen

E & TR < ecton pywegy  Dit Load (1-dir)

Fepubant Shear = . ) 1804 H/mm
Shear v2 e R~ - - a1 S0
SIALEN SIEIEN | Fosifve in-1 diecson
SR PEETT

| Resubant Al Farce

(- — i
R Fresiasea = )
PEE1648 b e AT
CL= 0T 25200

Detlections ry—— Resubant Torson
Dafiction (2} Deflection (3-dr) Tarsion
1237360 mm 0285045 ne 356467 SEN-mm
a2 475000 2528 0 e
Postive in 2 deaclion | Pastive 3 descion ® m

Ao Folatve to BeamMrimun = Filalve o Baam Ends  Asokte Fatun boBaamMrimun  (* Robdire 1o eam

Fised o il Uris bem ] vtz [ e =] Resso s  —r— oo [ 2 SR [—— = [

Hinh 16. Mémen M3z chan chinh. Hinh17. Mémen M2z chan chinh. Hinh 18. Lwc doc N, chan chinh.

Diagrams for Frame Object 23 (Chan phu) Diagrars for Frame Object 23 [Chan phu]

End Length Offset(Location]| [ Display Optons Erd Lergh Dfet Locahnl| — Diply Oplces Diagrarms for Frame Object 23 (Chan phu)
Case [Truong hep 1 & il 2 £ Scrolfor Vales Case [Tonghos | =l @ Soolforvaes F T p————
e =] e . engih Dffet[Locafion] | ~Displap Optuns-
Items [Mjor 142 and M3) = [Single valued ~ [”n”n”n”’;“’:; @ Show Max Homs [Mince (3 engM2) =] [Srglevabed =] Sham Max: = _ 5 o "
0|1 =0 Lsin Case:[Turghep | tentfae € SeollaVaies
r—m—— 003 &
Bo000rm) R wn ems [ PandTl o] [Sgkvebed 7] s Show
Equivalent Loads - Free Body Diagram (Concentrated Forces in N, Concentrated Moments in N-mm) Equivalent Loadk = . C: i Heun] JErd |t 5D
” Dist Load (2-dir) Dist Load [3-dir] 0,000
000 N/mm 013N (G500 00 mm)
O o Eoen Lo -Free Body Disram [Cor i, Concenrsted Torrs o)
Dist Load (1-di]
Fiesulart Shear . 1367 N
Shear V2 fﬁ;{m i A 47E000 nin
6367455 &
8 ach
—{ R i Fusivein | s
Resulart i Force
Rlesultart Moment Resian Hament e
Moment M3 plusent W2 7L AN
361130204 Nemm J12HHIZ Nam 4000mm
523500 mm 52065 mm
Deflections. Tei Plesuitart Torsion
Deflection (2-dir) CE=Z BT Tarsion
3522052 mm “;_f’;” 2 206 45 Nmm
o 475000 mm 2 m el
Pasiive in -2 diection P
 Abshte Relalive loBeam Minimum @ Relalive to Beam Ends Wil wheterbe it o reEle s
Reset o sl Unis | Done Urits [N, € i T Lo Unde |N.emC 7] Reset o Iniel Uris Dene Units |N,mm,C

Hinh 19. Mémen Mas chan phyu.  Hinh 20. Mémen Mz. chén phu  Hinh 21. Lwc doc N;chan phu.



Bang 6. Gia tri ndi lwc phat sinh tai cac phan tlr trng véi cac truong hop.

Trwong hop 1 (02 xe toi cung lam viéc dong thoi)

) Lwc doc M6 men D6 vén M6 men Ghi
T Tén cAu kién Nz M33 ; (mmf’ M22 ohi
(N) ( N.mm) (N.mm)
Dam chinh 1 (nat 51- -
1 | 53) 1382377706 | 18.257 -4007152
Chan chinh 21 (nut
2 | 32-34) -804395 167658450 -62353
Chéan phu 23 (nut 24
3 | -50) -544562 | -224156108 -53289325
Trwong hop 2 ( 01 xe toi lam viéc tai diém chinh gitba khau d6 dam chinh)
Lwc doc Mé men D6 Vo M6 men Ghi
TT CAu kién Nz M33 f'(mm)g M22 chil
(N) (N.mm) (N.mm)
Dam chinh 1 (nat 51 -
1 |53) 2077578058 23.1 -24144511
Chan chinh 21 (nut
2 |32-34) -621471 513371137 -62353
Chan phu 23 (nut 24 -
3 |50) -451580 | -569868794 -53289325
Trwong hop 3 (02 xe t&i ha hang 1én dam céng xon & 2 bén chan c6ng truc)
Lwc doc M6 men D6 Vo M6 men Ghi
TT CAu kién Nz M33 f'(mm;‘; M22 chil
(N) (N.mm) (N.mm)
Dam chinh 21 (nat 32
1 |-34) 920935613 10,3 -23984863
Chén chinh 21 (nut
2 |32-34) 1047873 | 307586164 -50313897
Chan phu 23 (nut 24 -
3 |50) -793685 | -361190204 -31285843
Coéng xon 14 (nut 48 -
4 |49 -396044570
Trwong hop 4 (02 xe toi treo hang va di chuyén doc dwong ray cong truc)
) Lwc doc Mé men D6 vén M6 men Ghi
T Chu kien Nz M33 ¢ (mm? M22 ohi
(N) (N.mm) (N.mm)
Dam chinh 1 (nat 51 -
1 |53) 1985537340 14,73 43727740




Chan chinh 21 (nut -

2 |32-34) 1284146 | 389151933 248421828
Chéan phu 23 (nut 24 - -

3 |50) -777364 | -389384674 228021340

2.9. Tinh toan kiém tra bén tai cac vi tri nguy hiém
Tw két qua noi lwc thé hién trong bang 6, tac gid nhan thay:

+ Két cdu dam chinh (phan t&r 01), cé gia tri ndi lwc chju udn va dd véng I&n nhéat
&ng Vi trwong hop 2. K&t ciu dam chinh, ddm céng xon d& tai (phan t&r 14), dam dau
va giang chan chju udn theo 02 phwong 3 - 3 (x - x) va 2 -2 (y - y). Do d6 can kiém tra
theo diéu kién chiu ubn theo 2 phwong.

- Két cau chan chinh (phan t&r 21), chan phu (phan t&r 23) chiu uon theo 02 phuong
3-3(x-x)va 2-2(y-y)vachiunén. Do dé can kiem tra theo diéu kién chiu udn+ nén
két hop.

Kiém tra bén:

- D6i v&i két cdu dam chinh (phan t&r 01). Tinh toan &ng véi trwdng hop 2 (01 xe toi
nang ha thung chra bun tai diém chinh gitra ctia dam chinh). 'ng suét bén duoc xac
dinh: V&i M= 2077578058 (N.mm): My = -24144511 (N.mm), Wx = 26,85.10° (mm3); W,
= 13.10° (mm3).

M,
0 = >t s[o,] (5)
X y
M, M, 2 24144511
o, =—>+—2 0775780658+ 56 =75,47(N/ mm?)
w,oow, 26,8.10 13.10

+ Do véng theo phwong thang ding tinh toan fi =23,1 (mm);
+ P06 véng theo tiéu chuan TCVN 4244-2005: [fcp] = Lk/700.
D6 vong cho phép [fcp] = 22700/700 = 32,4 (mm)

Két luan: V&i vat liéu thép SS400 thi gia tri ’ng suat cho phép [o] = 160 (N/mm2) thi
v@i trrdng hop tinh toan trén (rng suat tinh toan deu nhp hon (rng suat cho phép ot<[oc].
Do vong tinh toan cling nhé hon d6 vong theo tiéu chuan fi< [fcp].

- Péi v&i két cu chan chinh cua cdng truc (phan tev 21). Tinh toan &ng voi trvdng
hop 3 (02 xe t&i treo thung chira bun va di chuyén cuing céng truc). 'ng suéat bén duoc
xac dinh: V&i Mx= 307586164 (N.mm); My = -50313897 (N.mm), Nz = 1284146(N), Wx=
18,3.10% (mm?3); Wy = 12,68.10% (mm?3). Fc = 44600 (mm?)

M, -
) M + 4 N, 3075861?4 N 503138967 N 1047873 = 36,33(N/ mm’) (6)
w, w, F 18,3.10 12,68.10 44600

X

(¢

- Bbi v&i két cdu chan phu d& cong truc (phan tr 23). Tinh toan rng v&i tredng hop
3 (ha thung tai 1&n dam céng xon). Ung suét bén dwoc xac dinh: V&i Mx= -361190204
(N.mm); My = -31285843 (N.mm),

Nz = -793685; Wx= 7,2.108 (mm3); Wy= 7,2.10° (mm?), Fc = 29600 (mm2)



_361 1902604 N —312858643 N -793685 — _81,28(N/ mm?) (7)
7,2.10 7,2.10 29600

X y c

- Dbi v&i két cAu dam cong xon d& thung bun thai (phan tir 14) M= -396044570
(N.mm); Wx=5,2.10% (mm?3);

o, = L OO _ 6 160N/ mm?) (8)
w, 5210

Két luan: V&i vat lieu thép SS400, gia tri rng suét cho phép [c] = 160 (N/mm2) thi
v&i cac tredng hop tinh toan néu trén (rng suat tinh toan deu nhoé hon (rng suat cho phép
ot<[c]. Cac két cdu cuia cbng truc déu di stre chiu tai theo qui dinh.

3. KET LUAN

- Qua phan tI'C’h gia tri néi lyc ng voéi g:éc truc‘mg hop lam viéc thyc té cla céng
truc tac gia nhan thay trwong hop lam viéc bat Igi nhat la trwdng hop 3 (thung chira bun
thai dwoc dat trén dam céng xon cua chan chinh va chan phu).

- Trong qua trinh tinh toan di vé&i cac cong truc cé st dung 02 xe tdi di chuyén doc
lap cung lam viéc véi tai trong danh nghia thi can phai cht y dén céac trwéng hop lam
viéc bét loi khi lam viéc. Két cdu dam chinh bat lgi nhat (c6 néi lwc va chuyén vi I&n nhét)
(rng Vvai tredng hop 2 (01 xe toi 45 tan dirng & chinh gitka khau do ctia dam chinh). Cac
két cAu chan chinh, chan phy, dam cong xon, glang dam, dam dau chiu lwc Ion nhat ing
vai treong hop 3 (02 xe toi dirng tai vi tri gan dam céng xon, thung chira bun thai dwoc
dat trén dam céng xon ctia chan chinh va chan phu va ha thung bun thai xubng dam céng
xon, lic nay cap tai chung).

- Theo két qua tinh toan: K&t cAu chan chinh c6 thé gidm chiéu cao theo phuong x-
x tlr chiéu cao 1500 mm xubng con 1200 mm. Khi dé (ng suét ot = 90 (N/mm3).

- Trong qua trinh th tai tinh theo tiéu chuén TCVN 4244-2005 nén tht tai tng voi
trwong hop 01 xe toi 45 tan lam viéc & chinh gitra khau d6 ctia dam chinh.

- Céac két qua tinh toan thiét ké & trén da duwoc tac gia chuyén giao cho Cong ty Co
phan San xuét - Thwong mai Pai Dwong khi tinh toan thiét ké céng truc 100 Tan (50
T+50T).

Loi cam on “Nghién ctru nay duworce tai tro bédi Trwdng Pai hoc GTVT trong dé tai ma sé
T2026-CK 002TD ".
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