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CHUONG I: MO PAU
BAI 1: NHIEM VU VA POI TUQNG NGHIEN CUU CUA MON HQC

1.1 Nhiém vu chi yéu ctia mén hoc:

La 1 mon hoc khoa hoc chuyén nghién ciru vé nguyén 1y va phuong phap tinh toan
noi lyc (tng luc) va chuyén vi trong cong trinh. P bén, do cu’ng va d¢ on dinh cua cong
trinh c¢6 lién quan dén tinh chit co hoc cua vat liéu, hinh dang va kich thudc cua céu kién,
noi luc phat sinh va phat trién cong trinh.

- Diéu kién vé d6 bén: Dam bdo cho cong trinh khong bi phd hoai dudi tdc dung
cua cdc nguyén nhan bén ngoai

- Diéu kién vé d6 cuing: Ddm bdo cho cong trinh khong ¢d chuyén vi va bién dang
vuot qud gidi han cho phép nhdm ddm bdo su lam viéc binh thudng cia cong trinh.

- Diéu kién vé 6n dinh: Dam bao cho cong trinh ¢6 kha ning bdo toan vi tri va hinh
dang ban dau cia nd dudi dang cin bing trong trang thdi bién dang.

Vi yéu cau vé do bén, can di xdc dinh ndi luc; vdi yéu ciu vé do ciing, can di xdc
dinh chuyén vi; vdi yéu cau vé on dinh, can di xdc dinh luc gidi han ma két cdu ¢4 thé chiju
duoc.

Hon nita kich thudc cta cdu kién lai phu thudc ndi luc trong céu kién d6. Do vay,
cong viéc dau tién khi tinh cong trinh 1a xac dinh trang thai noi luc va bién dang phan bo
trong cong trinh dudi céac tdc dong bén ngoai.

1.2 Poi twgng nghién ciru:

Co hoc két cau 1a mén khoa hoc thuc nghiém, trinh bay cac phép tinh dé kiém tra do
bén, d0 cung va do on dinh cta cong trinh, dong thoi 1a mot t6 hop do mdt hay nhi€u cau
kién dugc nodi voi nhau theo mot quy luat nhat dinh, chiu su tac dung cuia cac nhan to bén
ngoai nhu: cdc ngoai luc, cac tdc nhan giy chuyén vi cudng buec,.... P61 vdi nganh xay
dung cdng trinh n6i chung do6i tugng nghién ctru 1a két cau hé thanh va hé khung.

Do vy d6i tugng nghién ctru dya vao 3 ddi tuong sau day:

1.2.1 Tinh céng trinh vé dp bén:

- Nhim bao dam cho cong trinh c6 kha ning chiu tac dung cuia tai trong ciing nhu cac
nguyén nhan khac ma khong bi pha hoai.
1.2.2 Tinh céng trinh vé dé citng:

- Nhim dam bao cho cong trinh khéng co chuyén vi 16n va rung dong 16n c6 thé 1am
cho cong trinh mat trang thai 1am viéc binh thudng ngay ca khi diéu kién bén van bao dam.
1.2.3 Tinh céng trinh vé mdt én dinh:

- La tim hiéu kha ning bao toan vi tri va hinh dang ban dau cua cong trinh dudi dang
can bang trong trang thai bién dang.
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BAI 2: SO PO CONG TRINH- CAC GIA THUYET TINH TOAN
2.1 Dinh nghia:

L4 hinh anh don gian h6éa ma van dam bao phan anh duoc sat véi su lam viéc thuc
cua cong trinh.

2.2 Cach xac dinh:

Viéc xac dinh so dd tinh cua két cdu phai dam bao duoc tinh chét chiu luc cia két
cau. bé chuyén cong trinh thyc vé so do tinh tuong ung, thuong thyc hi¢n 2 budc:

2.2.1 Buéc 1: Chuyén céng trinh thuc vé so dé ciia cong trinh:
- Thay céac thanh bang truc ctia nd. Thay céc ban hodc vo bing cac mit trung gian.

- Thay tiét dién béng cac dai lugng dac trung hinh hoc dé tinh nhu: dién tich F,
momen quan tinh J.

- Thay céc thiét bi twa bang céc lién két twa 1y tuong (khong cd ma sat).

- Pua cac loai tai trong tdc dung trén mat cau kién vé truc cua cau kién nhu: tai trong
tap trung, tai trong phan bd, momen, ...

2.2.2 Budc 2: Chuyén so do cong trinh vé so do tinh ciia céng trinh:

Budc ndy ta bo qua thém mot sé yéu to dong vai tro thir yéu trong sy lam viéc cia
cong trinh nham bdo dam cho so do tinh phu hgp vo1 kha nang tinh toén cta nguoi thiét ke.
VD1:

Cho hé dan — Sau khi thuc hién bude 1 — Sau budc don gian hda
ta dugc so do cong trinh ta dugc so do tinh cong trinh

2.3 Cdcbaitoan mén hoc giai quyét:
2.3.1 Bdi todn kiém tra:

O bai todn nay, ta da biét trudc hinh dang, kich thudc cu thé cua cdc cdu kién trong
cong trinh va cac nguyén nhan tac dong.

Yéu cdu: ki€m tra cong trinh theo ba diéu kién trén (d6 bén, do cing & 6n dinh) ¢
dam bdo hay khong? Va ngoai ra con kiém tra cong trinh thiét ké ¢4 tiét kiém nguyén vat
liéu hay khong?
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2.3.2 Bai todn thiét k¢

O bai todn nay, ta mdi chi biét nguyén nhan tdc dong bén ngoai.

Yéu cau: Xdc dinh hinh dang, kich thudc ciia cdc ciu kién trong cong trinh mot cach
hdp 1y ma van ddm bdo ba diéu kién trén.

D€ gidi quyét bai todn nay, thong thudng, dua vao kinh nghiém hodc dung phuong
phdp thiét ké so bo d€ gia thiét trudc hinh dang, kich thudc cia cdc cdu kién. Sau dd tién
hanh gidi bai toan ki€ém tra nhu da ndi § trén. Va trén ¢ s d6 nguoi thiét ké diéu chinh lai
gid thiét ban dau cia minh, tic 1a di gii bai todn lip.

2.4  Cac gia thiét:
2.4.1 Gid thiét 1:

- Gia thiét vat liéu dan hoi tuyét dbi va tuan theo dinh luat hiic (Hooke) nghia 13 giita
bién dang va ndi luc co6 su lién hé tuyén tinh.

2.4.2 Gid thiét 2:

- Gia thiét bién dang va chuyén vi trong hé rét nho, nghia la dudi tac dung cua nguyen
nhan bén ngoai, hinh dang cta cong trinh thay dbi rat it. Nho gia thiét nay ta co thé tién
hanh tinh toan trén so d6 khong bién dang.

2.5 Nguyén ly cong tac dung:

- Mot dai lugng nghién ctru S nao do (chéng han nhu: noi luc, phan luc, chuyén vi,...)
do mot sd nguyén nhan (cac ngoai luc, sy thay d6i nhiét do, . déng thot cung tac dung 1én
cong trinh gy ra dugc xem nhu tong dai s6 hay tong hinh hoc nhiing gia tri thanh phan cta
dai luong d6 do timg nguyén nhéan riéng ré giy ra (tong dai so néu dai lugng nghién ciu
duoc biéu thi bang vec to).

Nguyén 1y duoc biéu thi dudi dang toan hoc: S= S;+ S+ ... + S+ ...+ S, + 5.
Hay: S= S (Pi+ S ,P,+ ...+ S Py+...+ S, P, +S.
Trong do:

S : Dai lugng nghién ctru do céc lyc Py, P,,..., Py,..., P, va su thay doi nhiét do gay
ra.

S Pai lugng nghién ctru do riéng luc Py gy ra. (Sx = SkPy)
S : Pai luong nghién ctru do riéng sy thay doi nhiét do gy ra.
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BAI 3: PHAN LOAI KET CAU- NGUYEN NHAN GAY RA NQI LUC VA
BIEN DANG TRONG CONG TRINH
3.1  Phén loai theo so d6 tinh:
Chia cong trinh thanh 2 loai: hé phang va hé khong gian.
3.1.1 Hg¢ phing:

- Khi tit ca céc céu kién ctia cong trinh déu ndm trong 1 mat phang va tai trong ciing
chi tac dung trong mat phang d6. Trong h¢ phang, dua theo hinh dang ctia cong trinh nguoi
ta con chia ra thanh nhiéu dang két cau khac nhau nhu: hé dam, dan, vom, khung.

VOM KHUNG

3.1.2 Hg¢ khong gian'

Néu cac cau kién khong cung ndm trong mot mit phang hodc nam trong cing mot
mit phang nhung tai trong tac dyng ngoai mdt phing cta cong trinh thi hé dugc goi 1a hé
khong gian. Hé khong gian bao gdm: dan khong gian, khung khong gian, .....

3.2 Phén loai theo phwong phap tinh:
3.2.1 Hg¢ tinh dinh:

La nhitng hé ma ta chi can ding cac phuong trinh can bang tinh hoc ciing du dé xac
dinh tat ca cac noi luc va phan lyc cua hé.

3.2.2 H¢ siéu tinh: & //5//‘2“\]/%

La nhiig hé ma trong d6 néu ta chi ding cac phuong trinh tinh hoc thi khong du dé
xac dinh céac phan luc, ndi luc cua hé. D461 vo1 nhiing hé nay ngoai cac di€u ki¢n tinh hoc
con phai st dung cac di€u kién bién dang madi cé thé tinh duge céc phan lyc va ndi luc.
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3.3  Cac loai tai trong:
Tai trong tac dung 1én két cdu co thé phan chia thanh céc loai tai trong nhu sau:
3.3.1 Tditrong ldu dai:

- La nhitng tai trong tic dung trong subt qua trinh lam viéc cta cong trinh. Vd: Trong
lugng ban than cua cong trinh.
3.3.2 Tiitrong tam thoi:

- LA nhing tai trong tac dung trong timg thoi gian ngin. Vd: tai trong gid, tai trong
doan nguoi.

3.3.3 Tii trong bit dong:

- L& nhing tai trong co vi tri khong thay déi. Vd: Trong lugng ban than, trong lugng
céc thiet bi dat trén cong trinh.
3.3.4 Taitrong di dong:

- La nhitng tai trong co vi tri thay doi trén cong trinh. Vd: Tai trong doan xe lira, 6 t0,
doan nguoi.

3.3.5 Tdi trong tinh:

- La nhiing ti trong trong sudt qua trinh tac dung 1én cong trinh khong gay ra luc quan
tinh.

3.3.6 Tditrong dong:

- La nhiing tai trong khi tac dung l1én cong trinh c6 gay ra luc quan tinh. Vd: Dong co
dién c6 khoi lugng 1éch tam quay trong khi lam vi€c, tai trong va cham (trong lugng bua khi
va cham).

3.4 Sy thay doi nhiét do:

- Trong qua trinh khai thidc nhi¢t do ban than cua két cau hodc nhiét do trong moi
truong ciing nhu sy chénh 1é€ch nhi¢t do trong két cau va nhiét do moi truong s€ lam phat
sinh ndi lyc trong két cau.

- Su thay d6i nhiét 46 giy ra bién dang va chuyén vl trong tat ca cac hé, gdy ra noi luc
trong h¢ si€u tinh nhung khong gay ra ndi luc trong hé tinh dinh.

3.5 Sw chuyén vi cudng birc ciia cac lién két:

- Ciing nhu trong truong hop thay d6i nhiét do, cac nguyen nhan nay giy ra bién dang
va chuyén vi trong tit ca cac hé: gy ra ndi luc trong hé siéu tinh nhung khong giy ra ndi
luc trong hé tinh dinh.

- Trong qué trinh khai thac néu cac cau kién bi lin khong déu thi két céu s& phat sinh
ra ndi lyc cudng birc.
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CAU HOI ON TAP CHUONG I

1. DPinh nghia so do tinh cong trinh? bé chuyén cong trinh thyc vé so do tinh, can thuc
hién nhu thé nao? (Cho vi du minh hoa néu c6 ?).

2. Phan biét cac loai hé sau: hé tinh dinh, hé siéu tinh? (V& hinh minh hoa néu cé ?).

3. Phan bi¢t cac loai tai trong sau: tai trong bat dong, tai trong di dong, tai trong tinh, tai
trong dong, tai trong lau dai va tai trong tam thoi? (Vi du minh hoa néu co?).

4. Trinh bay céc gia thuyét tinh toan?

5. Trinh bay nguyén nhan gy ra ndi luc va bién dang trong cong trinh?
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CHUONG II : PHAN TiCH CAU TAO KET CAU PHANG

BAI 1: KHAI NIEM CO BAN VE KET CAU KHONG BIEN HINH- BIEN
HINH- BIEN HINH TUC THOI

1.1 Khai niém:

Mot yéu cau rat quan trong khi thiét ké tinh toan két cdu l1a dudi tac dung cua tai
trong, két cdu phai duoc giit nguyén hinh dang ban dau cua né. Do d6, khi tinh toan nguoi
thiét ké phai biét quy tic cdu tao dé hé thanh c6 kha ning chiu lyc va phai biét cach phan
doéan xem mot h¢ thanh cho trude c6 kha nang chiu luyc hay khong?

1.1.1  H¢ bdt bién hinh: (BBH)

- La hé khi chiu tai trong van giit nguyén hinh dang hinh hoc ban dau cua nd, néu ta
xem bién dang dan hoi 1a khong dang ké hodc xem cac ciu kién 1a tuyét ddi cimg. Vd: Dudi
tac dung ciia tai trong néu xem cac thanh AB, BC, AC 1a tuyét d6i cting thi hé
van giit nguyén hinh dang hinh hoc ban dau. (H1.1)

~. B

1.1.2  Hg bién hinh: (BH)

- La h¢ khi chiu tai trong s€ bi thay d6i hinh dang hinh hoc mét cach hitu han mat du ta
xem cac cau kién 1a tuyét doi cung. Vd: Khi chiu tai trong nd lam thay doi hinh dang mot
cach dang ké nhu duong nét dut.

B LI) C

(H1.2)
A

1.1.3  Hé bién hinh tirc thoi: (BHTT)

- La h¢ khi chiu tai trong so bd thay d6i hinh dang hinh hoc mot luong vo cung bé mac
du ta xem cac cau kién la tuyét doi cimg. Vd: (H1.3) S 1a mdt khdp, khi hé chiu luc S sé& cé
mot chuyén vi vd cung bé SS’.

FENTI
***** ¢

1.2 Miéng cirng:
- La mot hé phang bat ky bat bién hinh mot cach rd rét. (H1.4)
(H 1.4)

%2
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BAI 2: BAC TU DO CUA KET CAU PHANG

2.1  Lién két don gian:
2.1.1 Lién két thanh hay lién két loqi I :

Céu tao cua lién két nay 1a 1 thanh c6 khép 1y tudong & 2 dau dung dé ndi 2 miéng
cung voi nhau (xem hai miéng cting 1a bat dong H 2.1). Lién két thanh khir dugc 1 mot bac
tu do.

N

A ﬁCBZ

, CH2.1)
2.1.2 Lién ket khop hay lién ket loai 2:

Céu tao gom 1 khop ban 1. Lién két khop khir dugc 2 bac tu do (H2.2)

2.1.3 Lién két han hay lién kétomisx

Dung moi han d€ ndi cac miéng cung voi nhau. Lién két han khir dugc 3 bac tu do.

(H2.2)

2.2 Lién két phirc tap:
2.2.1 Pinh nghia: Khi lién két ndi nhiéu miéng cimg, sb luong miéng cing > 2.
2.2.2 PG phirc tap ciia mot lién két phirc tap: 13 s6 lién két don gian cung loai twong

duong voi lién két phuc tap do.
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2.2.3 Cong thiec: p=D -1
Trong do:
P: 1a d6 phtic tap cua lién két phuc tap.

D: 12 s6 miéng ctmg quy tu vao lién két phuc tap.

Vd: Cho hinh v& sau

(1) : miéng cung bat dong.

(2) - (1): ndi boi lién két khop, khir 2 béc tu do.
(3) - (1) : ndi boi lién két khop, khir 2 bac tu do.
Vay 4 bac tu do twong duong 2 lién két khop.

__, Theo cong thirc taco:p=3-1=2 (s6 lwong miéng cimg 1a 3).
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BAI 3: CACH NOI CAC MIENG CUNG THANH MOT HE BAT BIEN HINH
3.1 Diéu kién cdn: 13 can bao nhiéu lién két.

3.1.1 Daivéi hé bt ky:

Vd: gia st (1) bat dong, c6 5 miéng cung.

Vay: s6 miéng cimg can ndi:p=D-1=5-1=4.
Pé ndi 4 miéng cimg vao (1) bat dong thi can phai khir 3.(D -1) sb bac tu do.
Kha ndng: 1 T; 2 K; 3 H.
Goi n 12 hiéu sd gitra sb bac tu do co thé khir duoc voi sb bac tu do can khir.
Taco:n=T+2K+3H-3.(D-1).Co thé xay ra 3 trudng hop:
3.1.1.1 Truong hop 1: n < 0: Thiéu lién két tré thanh hé BH (khong ding)

= =

Vd: T=2,K=H=0
Taco:n=T+2K+3H-3(D-1)
Vay: n=2T+0+0-3=-1<0.
3.1.1.2 Truong hop 2: n = 0: Hé dulién két, hé BBH thanh hé tinh dinh.
Vd: Cho hinh V& sau:

(€]

e &

KHGP THANH

Ta cO: T+ 2K +3H - 3(D- 1)
Vay: n=1+2-(2-1)=0
3.1.1.3 Truong hop 3: n > 0: Hé thira lién két.

@ @
A

pAT
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3.1.2 Hé néi véi dat:




Coéng thirc: n=T +2K+3H + C - 3D
Ta chi xét Truong hop: n > 0.

Trong do: C: 1a céc lién két ndi vo1 dat

LIEN KET PON KHGP NGAM

REP S Py
SO PO ?7@

C 1

3.1.3  H¢ dan: Dan 1a hé gdm céc thanh thing ndi voi nhau chi bing céc khép &
hai dau mdi thanh.Giao diém cua cac thanh duogc goi la mit.
3.1.3.1 Truong hop dan khéng noi véi dat:
- Trong dan c6 D thanh (D = 12 thanh)
- SO lugng miéng thanh can ndéi: P=D-1=12-1=11
- Gia str dan ¢6 D thanh vA M mat. Chon mot thanh bat dong kém theo thanh d6 sé& c6
2 mat bat dong. Mat ty do (M - 2), mdi diém trong mit phing c6 2 béc ty do.
Vay voi (M - 2) mit s& c6 2 (M - 2) bac tu do can khu.
Pé khir bac tu do ta dung (D -1) thanh, thanh tuong duong lién két loai mot tirc 1a co
kha nang khtr (D - 1) bac ty do. Ta 1ap hiéu giita kha ning yéu cau:
n=(D-1)-(M-2)=D+3-2M
Vay diéukién can ndi datn=D +3-2M >0
3.1.3.2 Truong hop dan néi dat:
- Gia str ¢6 D thanh, M mat va C lién két tuong duong loai 1.
- Chon trai dat lam vat bat dong.
- Lap luén tuong tu ta co diéu kién can cho dan ndi dit: n=D+C-2M > 0

p=2 p=3 p=4 p=5

p=1
= 2 p=38 p=7 p=6
BAT PONG

3.2 Piéukién di: Pat hop 1y cac lién két
3.2.1 Noi mét diém (mdt) vao mdt miéng cing:
Piéu kién can va du dé ndéi mot diém (mét) vao mot miéng cung thanh mot hé

bat bién hinh ta phai ding 2 thanh khong thang hang.
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BBH

3.2.2 B¢ déi: 1amot cau tao hop 1y dé lién két mot diém vao mot miéng cung.
Vd: (1-2-5);(1-2-3-5);(1-2-3-4)

2 3

1 s 4
MIENG CUNG
3.2.3  Noéi hai miéng ciing: Piéu kién can va du phai sir dung it nhat:
- Ba lién két thanh khong dong quy hay khong song song.
- Mot lién két khép va mot lién két thanh khong di qua khop.

- Mot mbi han.

A B

3.24  Néi ba miéng cimg: Diéu kién can va du 1a ba khop thuc hodc gia tao twong hd
(giao diém cua hai thanh néi tung cdp hai miéng cting) khong dugc nam trén cung mot
duong thang.

3.25  Truong hop tong qudt:

- Néu hé moéi duge dua vé mot miéng cung thi h¢ sé& bét bién hinh.

- Néu hé méi duoc dua v& hai miéng cimg thi sir dung diéu kién nbi hai miéng
cimg dé khao sat.

- Neéu hé méi dugc dua vé ba miéng cung thi st dung diéu kién nd1 ba miéng
cung dé khao sat.
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3.3 Bai tap ap dung:
3.3.1 Vi du 1: Khdo sat sy céu tao hinh hoc cta hé sau:
1. Piéu kién can:
a. Quan diém méi thanh la mét miéng cing:
Ta c6:D=6;C=5; T=0; K=2; H= 3.
Theo cong thirc ta co:n=T+ 2K+3H +C-3D > 0
Vay: n=0+2x2+3x3+5-3x6=0.Hé dulién két vi n=0.

b. Quan diém méi thanh gdy khiic la mét miéng ciing:
Ta c06: D= 3 (ab, bcf, cd); T= 0; K= 2; H=0; C=5.
Theo cong thirc ta c6: n=T+ 2K+3H+C-3D >0
Vay: n=0+2x2+3x0+5-3x3=0. (hé du liénkét vi n=0).

2. Diéu kién dui:
Hai miéng ctmg dugc ndi v6i nhau = 3 thanh (ab, ef, dc) ddng quy.
Vay hé bién hinh tuc thoi.
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Vi du 2: Khao sat su cau tao hinh hoc cua h¢ sau:

1 2
9)3 L 5
]
7 9
” 8 N
1. Piéu kién can:
D=4 (miéng cung 1- 2-4;3-7;6-8,5-9).
T= 5 (thanh 1- 3; 3- 4; 2- 5; 4- 5; 4- 6).
K=0;H=0;C=7.
Theo cdng thic: n= T+ 2K+ 3H+ C - 3D> 0.

Vay: n=5+2x0+3x0+7-3x 4=0
Do d6 hé du lién két.

2. Diéu kién dui:
Hai miéng ctng duoc ndi véi nhau bang ba thanh (7- 3; 6- 4; 9- 5) dong quy.
Vay hé bién hinh tic thoi.

CAU HOI ON TAP CHUONG II

1. Pinh nghia miéng ctmg 13 gi? Thé nao 1a hé bat bién hinh, hé bién hinh va hé bién hinh
tirc tho1? Kha ning ép dung cac hé do6 trong xay dung? (V€ hinh minh hoa néu c6 ?).

2. Khao sat sy cau tao hinh hoc cta h¢ sau: (tim di€u kién can va di€u kién du).

HINH 3
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Chwong I11: DAN PHANG TINH DINH- DAM TiNH DINH
NHIEU NHIP

BAI 1: KHAI NIEM VE DAN PHANG TiNH BINH
1.1  Hé¢ don gian:

Cin ctr vao phuong phap ciia phan luc tua khi hé chiu tai trong thang dung, ta chia
cac h¢ don gian thanh hai truong hop co ban: hé dam va hé ba khép.

1.1.1 H¢ dam:

La hé bat bién hinh duoc ciu tao tir mot miéng cung ndi ndi voi trai dat béng mot géi
co dinh va mdt goi di dong c6 phuong thang dung hoac bang mot lién két ngam. Dam tinh
dinh don gian, khi miéng ciing dugc hinh thanh tir mot thanh thang, gdom:

- Dam don gian khong c6 dau thira (H 3.1).

I—IINJI/—I 3.1
L e

- Dam don gian ¢6 dau thira (H 3.2).

%7 HINH 3.2 757

- Dam consol ( H3.3).

&=
’ Dudi tac dung tai trong bat ky, trong ‘dﬁm phét sinh cac thanh phan ndi lyc: mdomen
uon, lyc cat va lyc doc. Luc doc = 0 khi lyc dam vudng goc voi phuong cua tai trong.
1.1.2 Khung tinh dinh:
L& khi miéng cimg duoc hinh thanh tir mot thanh giy khuc.

L
HINH 3.4 77~ g

1.1.3 Dan ddam tinh dinh:

L& khi miéng ctmg dwoc hinh thanh tir céc thanh thang ndi v6i nhau chi bang cac
khép & hai dau moi thanh. Khoang gitra cac goi tua cua dan goi la nhip. Giao di€ém cua céac
thanh goi la mat dan (H3.5).
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~—~bién trén—~

mit [6(7’7/5
’I’]‘@

L
dot bién dudi
nhip

Pé tinh toan dan don gian ta thira nhan gia thiét sau:

thanh ding

- Mit ctia dan phai nam tai giao diém cua céac truc thanh va 1a khép 1y tuong (Céc
dau thanh quy tu & mat c6 thé xoay mdt cach tu do khong ma sat).

- Tai trong chi tac dung tai cac mét cua dan.

- Trong luong ban than céc thanh khong dang ké so voi tai trong tong thé tac dung
trén dan. Cac thanh trong dan chi chiu kéo hodc nén nghia la trong dan chi ton tai luc doc N
ma khdng c6 momen uon M va luc cat Q.
1.2 Hg¢ ba khép (hay hé vom)
1.2.1 Hé¢ ba khop:

La hé cdu tao tir hai miéng ctng nbi vi nhau bang mot khép va ndi voi trai dat bang
hai goi tya bat dong.

1.2.2 Dan vom ba khop:
L& khi mdi miéng ctig ciia hé 1a dan phang bat bién hinh va tinh dinh. Cac thanh ciia
dan vom ba khdp chi phat sinh lyc doc.

1.3 H¢ ghép:

Hé ghép tinh dinh 12 hé gdm nhiéu hé tinh dinh don gian ndi voi nhau bang cac lién
két khop hodc thanh va ndi v6i trai dat bang cac lién két tua sau cho hé 13 bat bién hinh va
du lién két.

A C D E F
N B | X @ 757
1.4  H¢ liénhop:
Hé lién hop tinh dinh: 1a hé bat bién hinh dugc cau tao bdi nhiéu hé c6 tinh chét

chiu luc khac nhau (dam, vom, dan, day cép, ddy xich, ... ) ndi voi nhau bang tong sb lién
ket wira du dé cung tham gia tao lyc.
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BAI 2: XAC PINH PHAN LUC GOI VA NQI LU'C CAC THANH TRONG
DAN DUOI TAC DUNG CUA TINH TAI BANG PHUONG PHAP GIAI TiCH

2.1  Cach tinh hé dan chiu tai trong bat dong:
2.1.1 Khdai niém:
- Dan 14 1 két cau khong bi bién dang, dugc cau tao tir nhitng thanh thang lién két voi
nhau boi cac chdt ¢ 2 dau thanh.
- N1 luc cua cac thanh trong dan chi ton tai luc doc truc.
- Cac gia thiét khi tinh toan hé dan chiu tai trong bat dong:
+ Cac chét ¢ 2 du thanh 13 nhitng chdt 1y tusng —, khong c6 ma sét.
+ Cac tryuc thanh giao nhau tai tm chot.
+ Luyc tac dung tap trung tai cac chdt dan va ndm trong mit phang dan.
+ Bd qua tai trong ban than cua cac thanh trong dan.
2.1.2 Phwong phdp tich mit:
2.1.2.1 Binh nghia:
- La ding 1 mit cit bao quanh 1 mat, tich mat ra khoi dan va xét su can bang cua no.
2.1.2.2 Cac budc thuc hién:
- Lan luot tach timg mét ra khoi dan bang nhiing mit cit bao quanh mit.

- Pit cac luc doc can tim tai cac thanh bi cit. Do chua biét chiéu ta qui ude dat luc
doc theo chiéu duong (hudng ra ngoai mat cat).

- Viét diéu kién can bang ctia mat bang cac phwong trinh hinh chiéu Ién cac truc chon
trudce.

- Néu két qua mang déu duong 1a luc kéo, ngugc lai luc doc 1a lyc nén.
2.1.2.3Chuy:

- Tach mit theo thtr tu sao cho tai mdi miat tch ra chi chira 2 ndi lyc chua biét, vi tai
moi mat ta chi c6 2 phuong trinh can bang.

- Tai mdi mét khi tim noi luc trong thanh thi nhat chua biét, thi ta 14p phuong trinh
can bang hinh chiéu Ién phuong vuong goéc voi thanh thtr 2 va nguoc lai, lic d6 trong moi
phuong trinh chi chtra 1 an so.

2124 Bai tap ap dung:

VDI1: Xac dinh no1 luc cac thanh cua dan

P=2 2 KN
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+ Tach nit 3:

ZX =- N34 — N32. CcoS 450
= Na; = - Na,. cos 45°

JY = P+ Ny cos45°=0
— N, = P/ cos 45° = 4 (KN)

= Ngy =-4. %: — 22 (KN)
+ Tach nuat 2:

N 21 2

N 24 N 23
] X = Nps. cos 45° - N 3= 0
— N,y = Nys. cos 45° = 24/2 (KN)
} Y= - Npy - Nyg .05 45°= 0
— N,y = - N,3.c08 45% = — 24/2 (KN)

+ Tach nat 1:

] X = Nyp* Ny, .c0s 45°= 0

N 12
0S 45°

= Ny = - = - 4 (KN)
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+ Tach nit 4:
N 42

N4l

N45 45 N43
\ U4 \

ZX = N43 - N45 - N41. CoS 450 =0
— Nygs = Nyz - Nyyp. cos 45° = 0 (KN)

+ Lap bang tong hop:

STT Tén thanh Noi luc Do lon
01 1-2 Kéo 2.2
02 4-1 Nén 4
03 3-2 Nén 4
04 3-4 Nén 2.2
05 2-4 Nén 2.2
06 4-5 0

2.1.3  Phwong phap mit cit don gian:
2.1.3.1 Dinh nghia:

- Sir dung mit cét chia dan thanh 2 phan, giit lai 1 bén dé xét can bang.
2.1.3.2 Cac budc thuc hién:

- Khi ta mudn tinh ndi lyc thanh nao thi ta chi viéc lay phuong trinh momen d6i
vo1 giao diém cua cac thanh con lai. Phuong phép nay ap dung dé tinh céac thanh bién cua
dan.

2.2 Céch tinh va vé biéu d6 ndi luc hé dam tinh dinh:

- Thuc hién tuong tu nhu mén sic bén vat lidu dong thoi sir dung phuong phap mat
cat va nguyén ly cong tac dung.

- Trinh tu cac budc thuc hién nhu sau:
Buoc 1: Xac dinh phan luc lién két.
+ Thay thé cac lién két bang phan luc (ngam, gbi cb dinh, gbi di dong).
+ Viét cac phuong trinh can bang:
) P=0 L p,=0 I M=0
+ Giai tim ra phan lyc lién két, néu:
Phan luc lién két >0 — Chiéu gia dinh dung.
Phan luc lién két <0 — Chiéu gia dinh sai, ta phai dao chiéu.

Buée 2: Tinh ndi luc theo phwong phdp mdt cdt:
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+ Cét két cdu thanh 2 phén, ta nén giir lai phan don gian hon dé tinh nodi luc.
+ Pit cac ndi luc vao mat cit.
+ Thiét 1ap cac phuong trinh cén bang cho phan két ciu ching ta giit lai
7,20 [0 [m=0
+ Tinh noi luc tai cic mat cét dic trung.
Bude 3: Vé biéu do noi luc.
+ Biéu d6 momen  (M).
+Biéu dd luccit  (Q).
+ Biéu d6 luc doc  (N).

2.3 Qui wéc dau caa ngi luc:

Tai k co6 céac thanh phan ndi luc sau:

Bén trai ‘ Bén phai / P4

- Momen udn M tai tiét dién k co gia tri dugc xac dinh béng téng momen cua cac luc
tac dung trén phan trai hay phan phai lay doi voi trong tam cua ti€t dién k. Momen udn duogc
xem la duong néu c6 khuynh hudng lam cang bén dudi.

Do d6 ta cé thé can ctr chiéu ngoai luc dé suy ra dau cua ndi luc:

+ Néu khao sat phan bén trai, cic ngoai lyc quay thuin chiéu kim dong hd
quanh tiét dién k s€ gdy ra momen uon duong.

+ Néu khao sat phan ben phai, cac ngoai luc quay nguoc chiéu kim déng hd
quanh tiét diénk s& giy ra momen udn duong.

- Luc cédt Q tai tiét dién k c6 gia tri bang tong hinh chiéu cua cac lyc tac dung trén
phan trai hay phan phai 1én phuong wibng goc voi tiép tuyén tai k cta truc thanh.

+ Luc cét duge coi 1a duong néu c6 khuynh hudng 1am cho phan hé co dit luc
cat do6 quay thuan chiéu kim dong ho.

Do d6, ta co thé cin cir vao chiéu tac dung cua ngoai lyc. bé suy ra dau cua noi luc.
+ Néu khao sat phan bén trai, ngoai lyc huéng 1én phia trén ngudi quan sat s&
gay ra lyc cit duong.
+ Néu khao sat phan bén phai ngoai luc hudéng xudng phia dudi ngudi quan

sat s& gay ra luc cét duong.
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- Luc doc N tai tiét dién k c6 gia tri duoc xac dinh bang tong hinh chiéu cua cac
luc tac dung trén phan trai hay phan phai 1én phuong ti€p tuyén tai k cua truc thanh.

+ Lyc doc dugc xem 1a duong khi ¢6 khuynh hudng gay tac dung kéo.

Nk>0

2.4  Dam don gian

24.1 Cdc budc thuc hién tinh dam don gian
- Budc 1: Xéc dinh phan luc lién két.
- Budc 2: Tinh phan luc bang phuwong phap mit cat.
- Bude 3: V& bicu do ndi luc

2.4.2 Baitap ap dung:

Phan tich va vé biéu do noi luc trong dam don gian sau:

P=40 KN
A
? 3 B‘ C‘ D%g
‘ ~ 2m 2m 2 | ~
Giai

1 2
A / [ E

Eg I Bl LI cl 3l D;
- 2m 2m 2 %

Trang 21




) Ma=Vp. 6-PL.4+M=0
—Vp = 20 (KN).

J Y =Vat Vp- P =0
—V, = 20 (KN).

Xét doan AB: mdt cit 1-1 (0 < z< 2)

IY=V,-Q,=0
—Q, =V, = 20 (KN).
IM=M,-Va 220

= M]_: RA- z
Taiz=0= M;=0 (KN.m),
Taiz=2 = M, =40 (KN.m),

Xét doan BC: mdt cit 2-2 (0 < 2< 2)

E >A B éQz
2 m Z

IY=v,-Q,=0
j— Q2:VA :20 (KN)

IM=M,-Vo (z+2) +M=0

=M, =V, (z+ 2)-M
Tai z=0 =M, =0 (KN.m).
Tai z= 4 =M, = 40 (KN.m).
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Xét doan DC: mt cat 3-3 (0 < z< 2)
Q, |3
B Dg
)
ZY:Q3 +Vp =0

= Q3=- Vp =- 20 (KN).

-

IM=M;-Vy 220
=>M3=V,\. Z
Tai z= 0 =M, =0 (KN.m).
Tai z =2 =M, = 40 (KN.m).

Vé biéu do6 noi luc (luc cdt- momen)

M =40 KN.m
PT40KN/m

A B‘ C‘ D

;%%/2m{ 2m 2m Y
| |
| | | |
‘ | \

20 [T Ve =0 QKN
‘ | 20‘ 20
| \ |

40 40
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BAI 3: KHAI NIEM- TiINH VA VE BIEU PO NOI LUC CUA DAM TINH
PINH NHIEU NHIP
3.1 Khai niém dam tinh dinh nhiéu nhip:
3.2.1 Dinh nghia:

Dam tinh dinh nhiéu nhip 1d mot hé gdm nhiéu ddm ndi lai véi nhau bang cac khép VA
dat trén nhiéu goi tua thanh hé bat bién hinh va du s6 lién két. Khoang cach gitra cac goi tuya
duoc goi la nhip.

DAm nhiéu nhip duoc cAu tao tir cac dim chinh, dam phu va dam trung gian.
- Dam chinh: 14 nhitng dim néu ta bé cac ddm 14n cén thi ca hai phia vAn 1a h¢ BBH.
VD: Dim AB va dam CD.
- Dam phy: 12 nhitng dAm néu ta bo cac dam 1an can thi nd bién hinh (sup d6 ).
VD: Dam CD
- Ngoai ddm chinh va dim phu ta c6 dam trung gian tirc 1a ddm wira chinh wira phuy.
VD: Dam BC, d6i véi ddm AB thi BC 1a dam phu nhung d6i vi dam CD lai 13 ddm chinh.

RA%BOC?R%‘;

Ve 7/ Ve Ve

3.2.2 Quy tdc tinh dam tinh dinh nhiéu nhip:
- Phan biét dam chinh, dam phu va v¢ so dd céu tao hé.
- Chuyén 4p lyc tir ddm phu xudng dim chinh twong {mg tai céc lién két. Nhitng ap luc

ndy co gia tri bang phan luc ¢ dim phu va c6 chiéu ngugc lai theo nguyén 1y tac dung va
phan tac dung.

- Tién hanh v& biéu dd ndi luc cho timg diam don gian theo thir tu tir ddm phy, dim
trung gian, dam chinh.

- Cudi cung ghép céac biéu do no1 luc ctia cac dam don gian dé co6 biéu do ndi luc toan

3.2.3 Cadc nhdn xét biéu dé ngi luc:
- Momen tai chbt luon ludn bang 0.
- Tai vi tri ¢6 luc tap trung thi biéu d6 luc cat s& co budc nhay bang gia tri ctia luc.

- Tai vi tri ¢6 momen tap trung thi biéu d6 momen c6 budc nhay bang tri sé budc nhay
cua (M).

- Trén doan c6 luc phan bd tac dung thi biéu dd nodi luc:
+ Biéu ¢6 momen —— Ham béc 2 (qua 3 diém).

+ Biéu d6 luyc cit — Ham bac 1.
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324  Vidu 1: Phén tich lyc va vé biéu d6 hé dam ghép sau:

=gl
I o | L. =

Déam chinh: AC, Dam phu: CD
+ Tinh ddm phu CD:

< 4
e
2 a

] Mc =Rp. 2a—q. 2a. %.(g.za) =0

=>Rp = %qa (KN).

1.1
Mp=Rp.2—-0. 2a. =.(>.2a) =0
Z D D q 2(3 a)

=Rc :%qa (KN).

Mat car 1-1: 0 < z< 2a

q=5KNPM
1D
C &)Ql

e

1

y4

ZY:Ql-RC+q.§:O

z
:>Q1:RC‘Q-§
Tai z =0 3Q1: RC :%qa (KN)

) 1 2a -2
T =a = -ga- 0. —= —ga (KN).
al z=a =Q, g0 d 3q( )

z 1
M=M,-Rc.z2+9.—-.=-z=0
Z 1 c q23
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2

:>M1: Rc. Z- q%
Tai z=0 =M;=0 (KN.m).

. _qga’
Taiz=a =>M,= e (KN.m).

A@ B@ C
@ gf o
KM/Za RB//2a

+ Tinh dam chinh:

] My = Rg. 28— Re4a =0
=>Rg= %qa (KN).

] Mg = Ra. 2a +R¢ .22 =0
R, = -%qa (KN).

Mat cat 2-2: 0 < z< 2a

ZY:QZ'I'RA:O
1
:sz'RA:'gqa(KN)
IM=M,+Ra 20

=>My,=-Ra. Z
Tai z=0 =M, =0 (KN.m)

Tai z=2a =M, = _?zqaz (KN.m).

Mat cat 3-3: 2a < z<4a

A
=
K% 2 a RI//

z
Trang 26
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JY=Q;+Ra-Rg=0
=Qs =Ra+ Rs = qa (KN)
IM=M;-Rg.(z-23) +Ra. 2= 0
=>M;=Rg.(z-2a) -Ra. Z
Tai 7= 2a =M, = ‘?anz (KN.m).
Tai 2 = 4a =M, =0 (KN.m).

V& biéu do ngi luc

3 qa < i
2
3qa
)
247 ga
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Vi du 2: Phan tich luc va vé biéu d6 hé dam gheép sau:

A A

) N
(S )Xe)
) N
(S )Xe)

|

N> o2
‘NNOZ
N\

1]
Kl €l 8 g
o] - 9 ] 5
— 3 —
% @ ] ?@ ] < .
0 3 0 P 3
5 s)
| 8 8 W
5 g gé 3 3
8 <§}Q §o
: P a
® & — —
2 L L
@/ F% o
1 3 o ]
; - .
@/ ™ ]
<
? f——| f——|
g B .

CAU HOI ON TAP CHUONG III
Trinh bay cac loai hé don gian? V€ hinh minh hoa ?
binh nghia h¢ ghép va h¢ lién hgp? V€ hinh minh hoa ?
Trinh bay qui udc dau cta ndi luc? V& hinh minh hoa ?
Trinh bay cach tinh hé dam don gian ?
Trinh bay cach tinh hé dam ghép ?
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CHUONG 1V: KHUNG- VOM TINH PINH

BAI 1: KHAI NIEM- TiNH VA VE BIEU PO NQI LUC KHUNG

11 Ciach tinh hé khung chiju tii trong bat dong
111 Dinh nghia:

- Khung 1a 1 két cdu duoc cau tao tir nhitng tim ctng (thanh) c6 dudng truc bi
iy khiic. Noi luc trong khung thuong day da 3 thanh phan: Luc ngang, luc doc va momen.
1.1.2  Phuwong phap tinh néi luc:

- Tinh ndi luc trong khung tinh dinh 1a tinh va v& biéu dd ndi luc: lyc doc (N),
lyc cat (Q), momen (M). Bé v& biéu do ta dung phuong phép mat cat trong tung doan khung

va x€t su can bang cua tung phan khung duoc tach ra.

- V6i khung dat trén géi tua, trudc tién can xac dinh cac phan luc tai cac lién
két tya. Néu khung chiu ngam, dé tranh x4c dinh céc phan lyc tai ngam, ta xét sy can bang
cua phan khung khong bao gom ngam, tic 1a xét can bang cac phan khung tor mut ty do di
dan vé phia ngam, quy udc diu cua lyc cit va luc doc van sir dung nhu dbi véi dam, riéng
momen c6 thé dit chidu bat ky, sau do xét ddu cua két qua tir phuong trinh cén bang dé vé
biéu d6 momen.

4.1.3  Cac buoc tinh hé khung tinh dinh don gian
Budc 1: Xac dinh phan lyc lién két.

Budc 2: Dung phuong phap mit cét gitr lai phan don gian, sau d6 lap cac phuong
trinh can bang.

Budc 3: Tinh céc ndi luc tai cac mat cat dién hinh.
Budc 4: V& biéu d6 ndi luc M, N, Q.
414  Baitdp ap dung
Vidul: Tinh va vé biéu dé ndi luc hé khung chiu tai trong bat dong:

P1= 35 KNL
_ C E
D
=
[aN]
1 £ LLP2= 10 KN
=
HA B

AT% 2m 3 im e
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Budc 1: Xac dinh phan luc lién két:

+ Phuong trinh c4n bang momen tai diém A.

> M(A)=0 & Vgx3+P,.1-P1.2=0
=> Vg = 20 (KN).
+ Phuong trinh can bang lyuc theo phuong Y:
> P(y)=0 & Va+ Vg=Py
=> V= 15 (KN)
+ Phuong trinh can bang lyuc theo phuong X:
D> P(x)=0 & -Ha-P,=0

= Ha=- 10 (KN).
Budce 2- 3: Lap biéu thie ndi luc cho tung doan thanh:

+ Xét doan AC: mit cdt 1-1 (0 < z< 3)

N =- V= -15(KN)

Q =Ha=-10(KN)

M=Ha.z=-10x2z

Taiz=0m =>M=0 (KNm)

Tai z=3m =>M =-30(KNm)
+ Xét doan CD: mit cat 2-2 (0 < z< 2)

4

|
c 2 +
Q

M
N
N

2m

m

Al -10 KN

15 KN
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N=Ha =-10 (KN)

Q =Va=15(KN)

M = V4. 2+ Ha. 3= 152 - 30
Taiz=0m =>M=-30 (KNm)
Taiz=2m =>M=0 (KNm)

+ Xét doan DE: mit cit 3-3 (0 < z< 1)

35 KN
2m z
M
B DA
B c 3+/N
Q
&
| Al - 10K
ﬁri
15 KN

N =Ha =- 10 (KN)

Q =Va-P1=-20(KN)

M =15.(2+2)- 10.3-35.2=-20.z
Taiz=0m =>M=0 (KNm)
Tai z=1m =>M=-20 (KNm)

+ Xét doan FE: mat cat 4- 4 (0 < z< 2)

AN

S aM
—Q
4|4
N P2= 10KN
o -

1m

20KN
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N =- Vg =-20 (KN).
Q=P,=10 (KN)
M=-P,.z =-10.z

Tai z=0m

Taiz=2m

= M=0
=>M=-20 (KNm)

+ Xét doan FB: mit cit 5-5 (0 < z< 1)

N = Vg =- 20 (KN).
(KN).
(KNm)

Q=0
M=0

Budc 4: V& biéu dd M, N, Q:

30

30 m\m

20
20

0

KNm

(KNm)

20KN

15MH1@?1HH\15 10
— HE
— 20 20 |
= L
— (0 —
— KN —
10 10

10

Vi du 2: Tinh va vé biéu do ndi luc hé khung chiu tai trong bat dong:

C P, =40KN
D E
g
Q
P, = 40KN »| B
E Ha
Jui el
Va 2m ! Im |, Var
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- Xac dinh phan luc lién két:
+ Phuong trinh can bdng can bing mdémen tai diém A.

ZM(A)zo < Vex3-40x2-40x1=0
=> V¢ = 40 KN.
+ Phuong trinh can bang luc theo phuong y:
2. P(y)=0 SVa+ Vei-40=0
=>Va=0KN
+ Phuong trinh cin béng Iuc theo phudng x:
ZP(X):O & Ha-40=0
=> Ha = 40 KN

- Tinh va v& biéu dd noi luc clia k&t cdu theo phuong phap mat cdt ngang. K&t qua thé hién
nhu hinh vé sau:
+ Xét doan AB: sli dung mat cat 1-1 gilf lai phan b&n du6i nhu hinh vé:

40KN

Phuang trinh can bang ndi luc ddi véi doan dugc gil lai:

N=0

Q-40=0 => (0 = 40 KN

M-40.z=0

TaiA z=0m => M =0 KNm
TaiB z=1m => M =40 KNm

+ Xét doan BC: sli dung mit cat 2-2 gili lai phan b&n trai nhu hinh vé:

Ay
My

—Q
2 |2




Phuong trinh can bang ndi luc doi v6i doan dudc git lai:
N=0
Q-40+40=0 => Q= 0KN
M-40x(1+2 +40.z=0
TaiB z=0m => M =40 KNm
TaiC z=2m => M =40 KNm
+ Xét doan CD: sii dung mat cat 3-3 gili lai phan bén trai nhu hinh veé:

z

S
- N,
c 3+/ N
. Q
4KN | g
£
L
A 40KN

Phuong trinh can bang ndi luc ddi véi doan dugc giti lai:
N+40-40=0 =>N=0

Q=0

M-40x3 +40x2=0

TaiC z=0m => M =40 KNm
TaiD z=2m => M =40 KNm

+ Xét doan DE: sli dung mt cat 4-4 git lai phan b&n phai nhu hinh vé:
Phuong trinh can bang ndi luc ddi véi doan dugdc git lai:

Q

e
N

3m

M

40KN
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N=0

Q+40=0 => Q = -40 KN
M-40.z =0

TaiD z=1m => M =40 KNm
TaiE z=0m => M =0 KNm

+ Xét doan EF: sl dung mat cat 5-5 giif lai phan b&n dui nhu hinh vé:

40KN

Phuong trinh can bang ndi luc ddi véi doan dugc gil lai:
N+40=0 => N = -40 KN
Q=0
M=0
Vé biéu do6 ndi luwc: M, N, O

40KN 40KN 40KN
C 40 D E C Dl 40 E C D E
40 Y $ —
L = wllElll
Y —
40KNB— KNm  40KNB % @ 40KN B CK(%
A : =" B
4OKN ! ~40KN 0l 40 A 40K iF
40KN 40KN 40KN
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Vi du 3: Tinh va vé biéu do néi luc hé khung chiu tai trong bt dong:

- Xac dinh phan lyc lién két:
+ Phuong trinh can biing can bdng mdmen tai diém A.

> M(A)=0 < Vex4-80x1-20x2=0
=> Vg = 30 KN.
+ Phudng trinh cin béng Iuc theo phudng v:
2 P(y)=0 &Va+ Vp-80=0
=> Vp =40 KN
+ Phuong trinh can bang luc theo phuong x:
D> P(x)=0 < Ha-20=0
=> Ha = 20 KN

- Tinh va v& biéu do ndi luc cla k&t cdu theo phuong phap mit cit ngang. K&t qua thé hién
nhu hinh vé sau:
+ Xét doan AB: sii dung mt cat 1-1 gilf lai phan bén duGi nhu hinh vé:

Phuang trinh can bang ndi luc ddi véi doan dugdc gitt lai:

A
20KN
50KN
N+50=0 => N = -50 KN
Q-20=0 => Q=20 KN
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M-20.z=0
TaiA z=0m => M =0 KNm
TaiB z=2m => M =40 KNm
+ Xét doan BC: sii dung mat cdt 2-2 giii lai phan bén trai nhu hinh veé:
Phuang trinh can bang ndi luc ddi v6i doan dugdc gitt lai:

:

20K
50KN

N+50=0 => N = -50 KN

Q-20+20=0 => Q= 0KN

M-20xQ2+2) +20.2=0

TaiB z=0m => M =40 KNm

TaiC z=2m => M =40 KNm
Xét doan CD: si dung mit cat 3-3 gil lai phan bén trai nhu hinh vé:
Phuong trinh cin bang ndi luc doi véi doan dugc gilf lai:

i

N-20+20=0 => N =0 KN

Q-50=0 => Q = 50 KN
M-20x3+20x1-50.z=0
TaiC z=0m => M =40 KNm
TaiD z=1m => M =90 KNm

+ Xét doan DE: sl dung mt cat 4-4 giii lai phan b&n phai nhu hinh vé:
Phuong trinh can bang ndi luc ddi véi doan dugc giti lai:
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M
o
N CE ]
=
F
—
30KN
N=0
Q+30=0 => Q = -30 KN
M-30.z =0
TaiD z=3m => M =90 KNm
TaiE z=0m => M =0 KNm

+ Xét doan EF: sii dung mat cat 5-5 giii lai phan bén dudi nhu hinh vé:

Phuong trinh can bang ndi luc ddi véi doan dugc git lai:

F
30KN
N+30=0 => N = -30 KN
Q=0
M=0

K&t qua biBu d6 mdmen ndi luc dugc thé hién nhu hinh v& sau:

8OKN 8OKN
C 40 4D E c lo E
Wgilllll4 =3 30—
- . —
20KN 90 20KN g— =
Y% () 200 =
KNm — —
— =
A F A——50 0=
1 20KkN | 20KN =
30KN 30KN
50KN 5OKN
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CHUONG V: DPUONG ANH HUONG
5.1 Khai niém:
5.1.1 Tditrongdidéng: 1ataitrong cé vi tri thay déi tdc dung 1én cong trinh nhu tai trong
ctia doan xe, doan ngudi di chuyén trén cau...

Khi tdi trong di dong trén hé, dai lugng nghién ctu S (ndi luc, phan Iyc, chuyén vi...)
sé thay déi. Do d6, khi nghién ciju hé chiu tai trong di dong, ta phai gai quyét hai nhiém vu:

- Xdc dinh vi tri bat 16i hay con goi 1a vi tri d€ tinh cia tai trong di dd ng trén cong
trinh 13 vi tri cla ti trong d€ sao cho ung vdi vi tri d6, dai lugng nghién cifu S ¢4 gid tri I6n
nhét hay nhd nhat.

- X4c dinh tri s6 d€ tinh hay con goi la gid tri d€ tinh 1a trj s6 16n nhat vé tri tuyét doi
cta dai lugng nghién ciu S ung vdi vi tri d€ tinh cia tai trong di dong.

5.1.2 Nguyén tdc chung dé tim vj tri b4t 1gi va gid tri dé tinh:

- Gi4 thiét khoang cdch giffa cdc tai trong di dong trén cong trinh 1a khong doi va vi
tri cua chung dugc xdc dinh theo mot toa do chay z.

- Thiét 1ap biéu thiic cua dai luong nghién ciiu S theo vi tri cia tai trong di dong (theo
toa do z) bing cdc nguyén tic nhu da biét trong phan hé chiu tai trong bat dong. S 1a ham s6
theo z => S (2).

- Tim cuc tri ciia ham S (z). Gid tri 16n nh4t hodc nhd nhét cla cdc cuc tri 1a gid tri dé
tinh. Vi tri z, tuong ung clia doan tai trong 1a vi tri d€ tinh.

Ham S (z) thudng 1a ham nhiéu doan va khong lién tuc vé gid tri cling nhu dao ham
cla ng nén viéc tim cdc cuc tri khé khin. Ngudi ta si dung phuong phdp dudng dnh hudng
dé€ nghién ciju.

5.1.3 Djnh nghia dudng anh hudng:

DPudng anh hudng cia dai lugng nghién ciu S 1a dé thi bi€u dién quy luat bién thién
cda dai lugng S tai mot vi tri xdc dinh trén cong trinh theo vi tri cda mot luc tap trung bang
don vi, khong thu nguyén, cé phuong va chiéu khong doi di dong trén cong trinh gy ra. Ky
hiéu d.a.h.S

5.2 Cdc quy udc khi vé dudng dnh hudng:

- Pudng chuan thudng chon c¢é phuong vudng gdc vdi luc P =1 di dong (hoic truc
cdc cau kién).

- Céc tung d6 dung vudng géc vdi dudng chuan.
- C4c tung do duong dung theo chiéu cia tdi trong di dong va ngudc lai.
- Ghi cdc ky hiéu (+), (-) vao mién duong, am cia d.a.h.S.

5.3 Nguyén tic vé dudng dnh hudng:
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5.3.1 Cdc budc tién hanh nhv sau:
*Budc 1: Cho mot luc P =1 di dong trén cong trinh. Vi tri cia nd cdch gdc hé truc

toa d6 chon tuy y mot doan z.

* Buoc 2: Xac dinh biéu thic cia dai lugng nghién ciu S tucng dng vdi vi tri cua luc
P ¢ toa do z bang céc phuong phdp tinh vdi tdi trong bat dong da quen biét, dudc S (z). S
(z) goi la phuong trinh dudng anh huidng.

*Budc 3: Vé d6 thi cia ham sd S (z) sé dudc dwdng anh hwéng S.
5.3.2 Quy udc:

- Chon dudng chuin vudng gbc véi phuong clia luc hoic chon song song vdi truc
ctia cac thanh.

- C4c tung d6 duong vudng gdc vSi dudng chuin.
- C4c tung d6 duong dung theo chiéu clia luc di dong.

5.4 Y nghtfa va thd nguyén cda tung d 6 dudng dnh hudng:
5.4.1 Y nghia cua tung dé dudng dnh hudng cia dai Iuong S:
Tung d6 dudng dnh hudng dai lugng S tai mot tiét dién nao dd bicu thi gid tri cla dai
lugng S do luc P =1 dit ngay tai tiét dién do gay ra.
5.4.2 So sanhy nghiacua tung d6 diidng dnh hudng ca dai Iuang S vdi biéu d6 néi lyc :

Trong chuong 2, ta biét ring: tung d6 bicu do noi luc tai mot tiét dién bi€u thi gid tri
cta noi luc tai ngay tiét dién d6 do cdc ti trong ¢6 vi tri khong d6i tdc dung trén toan hé gay
ra.

Nhu vay, bi€u dé noi luc cho thdy quy luat phan b cla ndi lyc trén tit cd cdc tiét
dién cla hé; con dudng anh hudng cia dai lugng S cho thdy quy luat bién thién cta dai
lugng nghién cuu S tai mot vi tri xac dinh nao do do luc tp trung P=1 di ddn g trén cong
trinh gay ra.

5.4.3 Thi nguyén tung dé dudng anh hudng:

Thu nguyén tung do dudng anh huidng = (Thu nguyén dai lugng S/ Thu nguyén lic
P)

Vay, néu thu nguyén cua luc 1a kN, cia chiéu dai lam thi tung d6 dudng anh hudng
phén luc ¢d thu nguyén &N /&N (tic 1a hu s6), momen udn 1a kN.m /kN .
5.5 Dang dudng dnh hudng:

Trong hé tinh dinh, dudng 4nh hudng phan luc va noi luc 1a nhiing doan thing tuong
Ung vdéi mbi miéng cuing thanh phan cla hé néu miéng cing dé khong chua dai lugng nghién
cuu S.

Néu miéng cing thanh phan chua dai lugng nghién ciu S thi dudng anh hudng thudc
miéng cung nay gdém hai doan thing gidi hai tai vi tri tuong ung dudi tiét dién chia dai
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ligng S. Luc nay, doan dudng bén trai goi la dudng trai va doan con lai goi la dudng phai.
5.5.1 Phuong phdp nghién citu hé chiu tdi trong di dong:

- X4c dinh vi tri ¢€ tinh cilia tii trong di dong trén cong trinh nghia 14 tim vi tri clia
tdi trong sao cho twong ng vdi vi tri d6 thi dai lugng nghién citu sé c6 gid tri I6n nhat. Vi
tri tinh con lai 12 vi tri bat 101 nhat.

- Xdc dinh tri s6 d€ tinh cla dai lugng nghién citu tuong Gng vdi vi tri d€ tinh clia
tai trong. Tri s6 d€ tinh cia dai lugng nghién citu 1a tri s6 16n nha't vé gia tri tuyét doi khi
tai trong di dong trén cong trinh.

552 Vidu:
Vé dudng dnh hudng phan lyc A, B, momen udn, lyc cit tai ti€t dién k hinh sau:

Z

a=1lm
P

A k B
77 -3m ﬁ%
|
|

d/ufi | \\\ \2

‘ d. tréij//{ |
—— \

| " D.a.hQf
= d. phai ‘

Buoc 1: Puong dnh hudng phdn luc A, B:
- Chon goc toa do tai gdi tya A va dat luc Pcach g6c 1 khodng z.
- X4c dinh cdc phan luc tir cac diéu kién can bing.

ZMB =Ryl - -P.(1l-2)=0= R, = p.(1-2)

ZMAzRB-l_ —P.ZZO:> RB = ?

KhiZZO :>RA=1’:>RB=O
Khiz=1=3 :>RA=O, :>RB=1
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Budc 2: Puong dnh hudng momen udn va lic cdt tai k:
- Khi P dit bén trai k (0<z<a=1), thyc hién mit cit qua k. Khdo sat cAn biang
phan bén phai:
M, = Ry(I- a) = R (3-1)= 2 Rg = 2. ?
Khiz=0 = Mg=0; = Qx=0
Khiz=1=3 = Mg =2; = Qx=-1
bay la phuong trinh dudng trdi cia duong anh huong M, va Qy
- Khi P @it bén phdi ti€t dién k. Khdo sat cAn bing phin bén trii:
P.(1-2)

Mk=RAa =RA'1 =RA =

Khiz=0 = Mg=1; = Q=1
Khiz=1=3 = Mk =0; = Q=0

Pay la phuong trinh dudng phai cia duong anh huong M, va Qy
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CHUONG VI: TINH CHUYEN VI CUA KET CAU PHANG TINH
DINH
6.1 Khainiém:
Nghién cttu cach x4dc dinh chuyén vi trong hé thanh nhiim gidi quyét 2 van dé sau:
- Ki€m tra @6 ciing clia cong trinh.
- Chuén bi cd s8 cho viéc nghién cifu hé siéu tinh.

Dudi tic dung clia cdc nguyén nhan bén ngoai(tai trong, su thay ddi nhiét do ...)
hinh dang ciia cong trinh bi thay di ta goi Ia su bién dang. C6 3 loai bi€n dang:

; A ds
/ \ ds+d
R B ]
| |
L )
d d d

+ Bi€n dang géc:
+ Bi€n dang doc truc:
+ Bi€n dang truot:

Khi bi€n dang, hau hét cdc phan t& sé& c6 vi tri mdi, sy thay d6i vi tri ctia phan t&
g0i 12 chuyén vi. Nhu vay c6 thé néi chuyén vi 1a hé qua clia bi€n dang.

6.2 Cong:

Trong hé dan hoi tuyén tinh, cong cla cic ngoai luc tip trung dong thdi cling tic
dung tinh dudc x4c dinh bing nita tong cic tich sd clia gia tri cudicling ciia mdi ngoai lyc
v§i gi4 tri cudi cing clia chuyén vi tong cong tuong dng.

Cong thuc: T = %Z PA, Trong d6: P; : Luc; A,: Chuyén vi tuong ng.
i=1

Vi du: Tim céng cia cic lyc P;, P,, momem M tic dung trén dim vé sau:
P1 P2

Ly

2

Goi: A,, A,, ¢:1a gia tri cudi cling clia chuyén vi theo phuong P, P,, M do tit ci céc luc
va momen do gay ra, ta co:
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T= %(Pl.Al +P,A, + Mg)

6.3 Cdc dinh 1y vé thé niing bién dang:

Toan bd th€ ning ciia ngoai luc Up bi€n thanh thé€ ning bi€n dang U tich liy trong
hé dan hoi, n€u bién dang khong pha v su can bing cia hé: Up = U.

V& tri s, th€ ning bi€n dang tich iy trong hé dan héi bing cong T clia cdc ngoai
luc gdy ra bién dang hay bing cong A* ciia cac ndi luc sinh ra trén nhitng bi€n dang dan
héi nhung trai ddu: U= T= -A¥*,

64  Nguyén ly cong kha di:
6.4.1 Dinh nghia:

Cong khi di 1a cong sinh ra bdi ndi luc hoic ngoai luc trén nhitng chuyén vi hoic
bi€n dang vo ciing bé do nguyén nhan batky nio dé giy ra. Cic chuyén vi va bi€n dang
v cling bé d6 phai phi hgp vé6i cdc diéu kién lién k€t ndi cling nhu diéu kién lién két
ngoaictlia hé tic thdi 1a thod min diéu kién dong hoc va dugce goila chuyén vi kha di va
bi€n dang kha di.

6.4.2 Nguyen ly:

Néu mot hé dan hoican bing duditic dung clia cidc ngoai luc thi tdng cong kha di
cla cdc ngoai luc trén nhitng chuyén vi vé cling bé va cong kha di cda cdc ndi luc trén
nhitng bi€n deang dan hdi kha di tuong ng phai = 0.

Ta c6: Ty + Ay = 0.

6.4.3 Cong khd di cua ngoai luc:

Cong khi di clia cdc ngoai lyc & trang thdi k trén nhitng chuyén vi khi di & trang
thdi m bing tong cic tich sd giita cic ngoai luc tic dung & trang thii k v4i nhitng chuyén
vi tuong ng G trang thai m.

Ta c6: Ty = D PeAy,

6.5 Cic dinh Iy twong ha:

6.5.1 Dinh Iy 1: Dinh ly tuong hé ciia cong khd di ciia ngoai luc (con goi la dinh 1y
Betti (1872))

Coéng kha di cla ngoai luc dit vao hé & trang thai k trén nhitng chuyén dsi & trang
tdhi m tuong hS bing cong kha di clia cdc ngoai lyc dit vao hé § trang thdi m trén nhitng
chuyén ddi clia hé & trang thdi k.(H1)

6.5.2 Dinh ly 2:Dinh Iy vé su tuong hé ciia cdc chuyén vi don vi (con goi 1a dinh 1y
Maxwell (1864))
Trén mot hé dan hdi tuyén tinh, chuyén vi don vi theo phuong cia lyc P, do luc

don vi P, = 1 gay ra tuong hd bing chuyén vi don vi theo phuong ciia luc Pk do luc don vi
P, =1gayra. (H2)
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6.5.3 Dinh Iy 3: Dinh ly vé su tuong hé ciia cdc phdn luc don vi (con goila dinh 1y L.
Rayleigh(1875))

Trong hé dan hdi tuyén tinh, phan luc don vi tai 1ién k&t m do chuyén vi cudng bic
tai lién k€t k gy ra tuong hd bing phan luc don vi tai lién k€t k do chuyén vi cudng biic
tai lién k&t m gy ra. Pinh Iy nay dp dung trong phuong phap chuyén vi khi tinh hé siéu
dong. (H3)

P2 non Pm

o~ "k AN
API ‘ @ \ n k n Pk
R m Amk
A\p -
HINH 1
HINH 3
— - - I~
Vm" @Am

O S

6.6  Cong thirc tong quat chuyén vi ciia hé thanh:
6.6.1 Cong thirc tong qudt ciia viéc tinh todn chuyén vi-

- Bao gdm cac tdc nhan momen ndi luc, luc cat, ... nhung chuyén vi do momen gay
ra 16n hon rat nhi€u so vdi chuyén vi do céc thanh phan con lai. Vi vay, cong thirc tinh
chuyén vi cta hé thanh duoc viét lai nhu sau:

Akm= 1/ EJ (My). (Mp)
Trong do:
EJ: 1a 6 cung cua két cu.
M,: 12 biéu ¢6 momen tai vi tri k do tai trong gia dinh gay ra.
M,,: 12 biéu d6 momen do tai trong thuc gdy ra.
6.6.2 Cdc lwu y khi tinh todan:
Tai trong gia dinh dugc quy dinh nhu sau:
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- Néu tinh chuyén vi thiang dimg thi tai trong gia dinh P= 1 (luc tap trung), chiéu tac
dung cua tai trong gid dinh trung voi chiéu cua chuyén vi.

- Néu tinh chuyén vi 1a goc quay thi tai trong gia dinh m= 1 (dang momen tdp trung),
chiéu ciia goc quay tring voi chiéu ctia momen gia dinh.

- Tai w1 tri dat tai trong gia dinh trung voi vi tri can tinh chuyén V.
- Trong qué trinh nhan biéu d6 can luu ¥:

+ Tung dd y, phdi dugc ldy & hai bicu do c6 bac nhd hon. Qg dugc lay & bicu
d6 con lai.

+ Néu Yo Va Qg cung dau thi két qua duong va nguogc lai.

+ Trong doan nhan biéu d6 tung do Yy, tuyét d6i khong bi giy khiic. Nguoc lai,
ta phai chia nho biéu do thanh nhitng hinh dang don gian dé thuc hién phép nhén, sau d6 ta
cong két qua lai v&1 nhau.
6.6.2.1 Mot sé truong hop két qua nhdn biéu do:

- Truong hop 1:Nhan 2 tam giac cung phia.

o,= (al/2). (b.2/3)=abl/ 3

- Truong hop 2:Nhan 2 tam giac khac phia.
= (al/2). (b/3)=abl/ 6

wlc*

- Truong hop 3: Nhan 2 hinh thang
oy, = [(1)+ (2)].1(3)+ (4)]= bdl/3 + bcl/6 + adl/6 + acl/3
=1/6.(2bd+ 2ac+ bc+ ad)
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o O

1

Truong hop 4: Biéu dé la dwong cong parabol bdc 2
o,= 2/3 hl

6.7 Tinh chuyén vj ciia hé dim theo phwong phap nhéin biéu do:
6.7.1 Khai quat:

- D6i v6i hé gdm céc thanh thing dung nhu khung, dim, dan ta ¢ thé tinh chuyén vi
ctia hé dudi tac dung cua tai trong bang phuong phap nhan biéu do.

- Pbi voi hé khung va dam:

Ap= (My). (Mp)=Z (oy/ EJ).
6.7.2 Cach xdc dinh chuyén vi dam, khung do tdi trong gady ra dwoc thuc hién sau:

- Tao trang thai “k”: tai v tri can tim chuyén vi dat luc theo phuong chuyén vi can
tim, cu thé nhu sau:

+ Néu chuyén vi can tim la chuyén Vi théng ta dat luc P, = 1.

+ Néu chuyén vi can tim 13 goc xoay tai tiét dién ndo do6, ta dat M, = 1.

+ Néu chuyén vi can tim 1a chuyén vi thing tuong d6i giita 2 tiét dién nao do ta dat 2
luc P, = 1 nguoc chiéu nhau tai cac tiét dién nay.

+ Néu chuyén vi can tim 1a goc xoay giira 2 tiét dién ndo d6 ta dit 2 momen M, = 1
nguoc chi€u nhau tai cac ti€t di¢n nay.
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- V& biéu d6 momen don vi cta hé & trang thai k: (M,).
- V& biéu d6 momen do tai trong giy ra trong hé da cho: (M,).
- Thyc hién thao téc tinh chuyén vi theo phuong phap nhan biéu do.
6.7.3 Chay:
- Két qua tinh toan Ay, >0 chiéu chuyén vi thuc té dung theo chiéu luc don vi.
- Két qua tinh todn Ay, <0 chiéu chuyén vi thue té nguoc voi chiéu lyc don vi.
6.7.4 Bai tap vian dung:

Tinh chuyén vi tai diém C (véi EJ la hdng sé) cia hé dam don gidn sau:

60 KN

| 0
; W

im | 1im q[ 2m |

A

A
&

Biéu dd ndi lwe clia dam theo trang thai M

Xdc dinh phan luc lién két:

+ Phuong trinh can bang momen tai diém A

ZM(A):O & Vpx4-60x1=0
=>Vp = 15 KN.
+ Phuong trinh can bang lyc theo phuong Y:
> P(y)=0 & Vp+ Vp-60=0
=>V, =45 KN

Vé biéu do noi luc cua dam o trang thai M

A

\W
b

45KN‘

+ Xét doan AB: sur dung mat cét 1-1

Phuong trinh can bang momen:

M-45.z2=0
Tat A z=0m =>M =0 KNm
Tai B z=1m =>M =45 KNm
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+ Xét doan BD: sur dung mat cét 2-2

v Q
e D
N,
‘15KN
Phuong trinh can bang momen:
M-15.z=0
Tai D z=0m =>M =0 KNm
Tai B z=3m =>M =45 KNm

Biéu dd ndi lwe ciia dAm theo trang thai K:

A
& B C
|

im | m | 2m

4 4

Xdc dinh phan luc lién két:

+ Phuong trinh can bang momen tai diém A

> M(A)=0 & Vpx4-1x2=0
=>Vp =0.50
+ Phuong trinh can bang luc theo phuong Y:
> P(y)=0 G Vot Vp—1=0
=>V, =0.50

Vé bieu do noi luc cua dam o trang thai K:

+ Xét doan AC: su dung mat cét 1-1
A Iy
|
? 1 w/ "N
e

0.50 ] z

Phuong trinh cén bang momen:

M-050.2=0
Tai A z=0m =>M =0 (KN.m)
Tai C z=2m =>M =1 (KN.m)
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+ Xét doan BD: sur dung mat cét 2-2

Q
. 2
T D
-
T,
z
| 10.50
Phuong trinh can bang momen:
M-050.z=0
Tai D z=0m =>M =0 KNm
Tai C z=2m =>M =1 KNm

Biéu d¢6 momen dam ¢ trang thai M va trang thai K

A D

B C @%3

/ im im 2m

@MW@

30 KNm
45
e[ ] [[ [l @

Chuyén vi thing ding tai C theo theo phwong phap nhéan biéu dd véi EJ 12 hing sé:
A, =M™ x M

= L (l x45x1xg x0.50 + 1 x45x1xE X0.50 + 1 x45x1x1 X1+
2 3 2 3 2 3

y
S =N
+ 1 x30x1xE x0.50 + 1 x30x1xE X1+ 1 x30x2xE x1) = il
2 3 2 3 2 3 EJ

- Bi€u dd ndilyc cia dim & trang thai M: (2 diém)
Xdc dinh phdn luc lien két: (0.5 di€m)
+ Phuong trinh cAn bing cAnbing momen tai diém A.
> M(A)=0 & Vpx4-60x1=0

=>Vp=15KN.
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+ Phuong trinh cAn bing luc theo phuong y:

2. P(y)=0 & Va+ Vp-60=0
=>Va=45KN
Vé biéu do noi luc ciia dim & trang thdi M: (1.5 di€m)

+ Xétdoan AB: stt dung mitcdt 1-1 giif lai phan

bén dudi nhut hinh vé: A ) i'\"
Phuong trinh cAn bing mdmen ddi vdi doan 1 W / !T\i
dugc gilt lai: 45KN z Q
M-45.2=0
Tai A z=0m =>M =0 KNm

TaiB z=1m=>M =45 KNm
+ Xétdoan BD: stt dung mit cit 2-2 giff lai phan
bén dudi nhu hinh vé:

Phuong trinh cAn bing mdmen ddi vdi doan M 0 )

dugc gitt lat: - 7+ D
M-15.2=0 N \\‘2 Z
TaiD z=0m =>M=0KNm 15KN

TaiB z=3m=>M =45 KNm

Bi€u d6 ndi lvc ciia dam & trang thai K: (2 diém)

Vidy 2: Xdc dinh phdn luc lién két: (0.5 diém)

+ Phuong trinh cAn bing cAnbing momen tai diém A.

D> M(A)=0 & Vpx4-1x3=0
=>Vp=0.75
+ Phuong trinh cin bing luc theo phuong y:
2. P(y)=0 & Va+ Vp-1=0
=>Va=0.25

Vé biéu dd nodi luc ciia ddm & trang thdi K: (1.5 diém)

+ Xétdoan AC: sit dung mitcit 1-1 giff lai phdn
bén dudi nhu hinh vé:

Phuong trinh cAn bing momen ddi v6i doan

]
? |
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q qa qa 3q
duige giit 1> C D B X
Vi _ 131ai /uz M=0 a - a
A: 13 a[‘ / = UIIl =-2\" = V _ ’Z
6T%1 z=3m=>M=075 B=3qa

, U N 3
tcdt2-2 giit laJ phan 24da

+ Xét d@
h 7 +
bén diSigppi inh T 6 92 | ¥
Phung trinfh can b elrgfignen doTvdi Y
ng nn canovan CHW -
_~ W 6 N J\%ﬁaﬁ D
dugc giit la

/

M—jO.75.Z=0 ‘ m \2

TaiD z=0m | =>M=0KNm g2 R TN
. 3

@(ﬁ z=1m=>M=075KNm | T |
Kétq U A da g thdi M va trang thdi K dugc thé hién & hinh vé
m\j 4 qa>

A 3

5 2
é 3qa'p C %
\ 1m 2m im /
® P [ L= @
15 KNm
45
T S I [[[@ @
0.25 055 <N

Tinh chuyé&n vi thing ditng tai di€m C theo phuong phap nhan bi€u dd véi EJ = hiing
s0: (2 di€m)
A% =M" x M*
y - 1
° B
2 35

+ 1 x15x2x1 X0.25+ 1 x15x2xz X0.75+ 1 x15x1x = x0.75) = —
2 3 2 3 2 3 EJ

(1 x45x1xg X0.25+ 1 x45x2xg X0.25+ 1 x45x2x} X0.75+
2 3 2 3 2 3
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