PHUONG PHAP NAM MO MEN - PHUONG PHAP NAM
MO MEN GAN PUNG VA UNG DUNG PE TINH DAM TREN
GOI PAN HOI CUC BO

Ts. Phan Dung

I. Gidithiéu

1.1 Mic du bai todn dam trén gdi dan hdi cuc bd c6 thé dudc gidi quy&t mot cach
dé dang nhd cdc phan mém tinh k&t cAu nhu SAP — 2000 ching han, nhung Phuong
phdp Nim mo6 men “cd dién” vin dudc chiing toi tri€n khai nghién citu ¢ng dung,
bdi cac 1€ sau:

1. Pay la mot phuong phdp quen thudc trong mon C6 hoc két cadu ddi véi sinh
vién va k¥ su nganh Xay dung.

2. Phdi hdp cédc ki€n thitc ¢d bdn khdc trong mon cd hoc két cau khi van dung
phuong phdp lyc nay gidp hi€u rd ban chit co hoc vé mit k§ thuat xdy dung dé
thi€t 1ap 15i gidi cho mdt s6 bai todn cu thé vé dam trén gdi dan hoi cuc bo.

3. MS rong pham vi ¢ng dung Phuong phap Nim md men d€ tinh toin dim trén

nén dan héi Winkler, coc chiu lyc ngang va cd méng coc.
1.2 Véi nhitng muc tiéu nhu trén, xin dugc khong chitng minh, gidi thich chi tiét
ma chi dua ra cdc so do, cdc cong thic hoic k&t qua cudi cling trong trudng hop
chung ciing nhu & cdc bai todn cu thé. Hai van dé chinh vé dam trén gbi dan hdi sé
dudc trinh bay, d6 la:

1. Tém tit Iy thuy&t Phuong phdp Nim md men gan diing va ng dung truc ti€p
cta no.

2. Xay dung ndi dung clia Phuong phdp Nim md men gin ding va cdc tng
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dung ban dau dé€ gidi mdt so bai todn phic tap vé dam trén gdi dan hoi cuc bo.

II. Phuong phap Nim mo men

2.1  CoOng thuc chung:
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Hinh 1 biéu dién cdc sd d6 cd ban cla Phuong phdp Nim md men va phuong
trinh chinh tic vi€t cho g6i tya trung gian thit i tir [1] nhu sau:

8i(i—Z)Mi—Z + 8i(i—l)lv[i—l + 8iilv[i + 6i(i+1)1v[i+1 + 6i(i+2)1v[i+2 + Aip =0 (1)
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Hinh 1: C4c so dd va bi€u d6 cla Phuong phap Nim md men,
a: DAm trén g6i dan hoi cuc bd (cdc nhip trung gian);
b: Hé co ban;
¢, d, e: Bi€u @6 md men don vi;
f: Bi€u dd mo6 men ngoai luc trén hé co ban.
Trong do:
M, = 4n s6 md men can tim,
8, = goc xoay tai ti€t dién gdi i trong hé cd bén khi chiu m6é men don vi dit tai

. CEREN A ~ ~ ~
j, dugc goi l1a hé s6 ctia an so,
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A, = g6c xoay tai ti€t dién goi i do tdi trong ngoai gy ra trén hé co bin, dugc

goi 1a céc sd hang tu do.

Véi:
k.
Sy = 0. 0]+ —=
(i-2)i i(i-2) — [ ] {L L :|
6(1—1)1 — 81(1 1) L & L+i _ﬁ L.}.L (2)
6EI L Li—l Li Li Li Li+1
L. o1 Yk
S, = Lia |, +ki —+ +
3EI 3EI Li Li+1 Li+1
Ai — ;3 + O)1+1b1+1 + ki—l Ri—l _ kiRi L+L +£Ri+l (3)
’ LiEI L1+1EI Li Li Li+1 Li+1

C6 thé viétlai (2) va (3) dang gon, bao gdm hai thanh phan:

8 =1851+[85] (4)
N d

va Ay =[A5, 1+1A%,] (5)

vdi cdc chi s6 trén: d = dam; g = gdi (hoic 12 nén).

Dua vio nhitng cong thiic chung nay c6 thé xay dung 15i gidi cu thé clia cic 16p
bai todn vé dAm trén g&i dan hodi. K&t qua thu dugc tir cich nay sé& dugc ki€m tra
bing phan mém SAP 2000. Cin chd y ring, gidi thuit cia bai todn dam trén goi
dan hoi ma dva vao dé d€ vi€t phan mém SAP 2000 13 phuong phap phin ti hitu
han (mé hinh chuyén vi) nhung & bai todn dadm thi, cho phép diéu chinh viéc chia
toan bo k&t cdu dim thanh cdc doan gidng nhu & Phuong phdp Nim mo men.

Trong khi chua vi€t dugc phan mém dua trén Phuong phap Nim mo men, dé
gidi quy€t mot s6 bai todn c6 khoi lugng tinh 16n ching t6i da sit dung két qua cla
SAP 2000 sau khi da chitng minh dugc khd nang gidi cia Phuong phdp Nam md
men.

2.2 Dam lién tuc nhiu nhip trén cdc gbi dan hoi cuc bd
1. Pudng anh huéng (BPAH) ndi luc

Trong [5] d4 cho nhiéu bang tra d€ tim PAH noi lyc d6i v6i dim lién tuc bon

nhip trén cdc gdi dan hdi cuc bd dua trén két qud 15i gidi phuong trinh Nim mo
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men. Nhd d6, ndi luc bat Igi trong dAm khi chiu tdi trong di dong dudc xdc dinh 1o
rang va c¢6 cd sG khoa hoc.

Sau khi ki€m chitng bing SAP 2000 ta c¢6 thé nhd phin mém nay lap bang
PAH cho cdc dim c6 s6 nhip nhd hoic 16n hon 4 [9a, 9b].

2. Tinh to4n cong trinh b&én (CTB) trén nén coc (loai hd)

2a. Phuong phdp ctia Gido su Zarembo — Vladutranxki [3]: 0] nhitng CTB ma
dd mém (nhu 12 ty s& gifta liiy thira ba chiéu dai nhip v6i mé men quén tinh tiét
dién ngang) cdia coc 16n hon nhiéu 1an so v6i dim ngang thi c6 thé coi lién két dau
coc vao bé 1a khép. Khi d6, & giai doan can xét dic tinh dan hdi cda dam ngang
trén g6i dan hoi, tdc gid nay da dung phuong phdp Nim mo men.

2b. Dua vao y tudng ctia OCDI [4] vé viéc tinh chuyén vi — ndi lyc trong CTB
trén nén coc véi cac coc thflng dirng khi trén bé (dAm ngang) chiu tai tinh ciing nhu
di dong nhd phuong trinh Nam mo men [9b] di thu dugc k&t qua hgp 1y hon.
2.3 Tinh todn coc chiu lyc ngang

1. So @ tinh todn

Xét mot coc don chiu luc ngang déng thing ding qua hai 16p dat khac nhau véi

hé 6 ty 16 cia hé s6 nén k; va ky (kN/m”) nhu hinh 2a.
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Hinh 2: S d6 tinh coc chiu luc ngang
a. So d6 coc dat vdi bi€u @6 hé sd nén ban dau,
b. SO db coc dat vdi bi€u dd hé sd nén dang bac,

c. S0 dod dam lién tuc trén cdc gdi dan hoi.
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Sau khi r&i rac héa phin coc trong dit thanh nhiéu doan (c6 thé do dai bing
nhau) ta nhan dugc bi€u dé hé sd nén dang bic; trong pham vi chiéu dai mdi doan

coc gi4 tri hé s6 nén khong ddi k;. (Hinh 2b). Theo cdch lam trong [2] tdc dung ctia

di't 1én coc trong doan i ching han, dugc thay th& bing mot gdi dan hodi tuong
duong, c6 do cung k; (kN/m):

K, =Kz, (6)
Trong do:
k. : hé s6 nén tai d6 sdu clia g6i i (kN/m’), dugc tinh theo cong thiic:

k, =k, Z, (7)
ki :hé s6 ty 1& clia hé s6 nén (kN/m4) thudc 16p I ung v4i doan coc thir 1 dai L;.
Z;: 30 sau (m) d€n diém tinh k& tir mit dat.
S;: dién tich tinh todn (mz) thudc pham vi gdi dan hdi i, dugc tinh béi:

S.=D,L, (8)
Dy: dudng kinh tinh todn cda coc (m) dugc xdc dinh nhu huéng din trong [6],

[7].

Biing cdch lam nhu thé ta chuyén ddi bai todn coc chiu luc ngang trong di't nén
dan hoi cuc bd vé so @6 dam lién tuc trén cdc gdi dan hdi (H. 2¢). Lic nay, chuyén

vi — ndi lyc trong dim (coc) dugc tinh bdi Phuong phap Nim md men.
2. Tinh coc chiu lyc ngang (dau coc: tu do, chan coc: tw do): Hinh 3.
@ Céc hé sb clia 4n sO 8, (rad/kNm)
5, =4,48414.10”
8,, =2,75555.10°
8,, =9,94681.107
8, = 3,85900.10”
8., =4,65018.10°

8, =3,66313.10”
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Hinh 3: Tinh coc chiu lyc ngang déng trong nén ddng nhit c6 k = 8000kN/m*.
a.va b. Sd dd dam trén gdi dan hdi tuong duong,
c. Hé caban,
d. Biéudd M?
e. va f. Bi€u dd ndi luc trong coc (M, Q).
@ Cidc 6 hang tw do A (rad)
A,, =1,579.10"
A,, =-2,200.10
Ay =0

® Hé phuong trinh chinh tic:
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0,M, +8,,M; +6,,M, +A,, =0
0,M, +8;,M; +6,,M, +A; =0
0,M, +06,,M;+8,,M, +A,, =0
Nghi€ém: M, =-3,920 kNm,
M; = 6,074 kNm,
M, =-0,665 kNm.
Ghi chu:
- K&t qud hoan toan phi hgp vdi 15i gidi caa SAP 2000.

- N&u chia phan ti coc trong dit thanh 50 doan, két qué thu dugc gan
nhu phuong phdp gidi tich (xem [9b]).

3. Xdc dinh gi4 tri cdc do ciing chong chuyén vi diu coc (ddu coc: ngdm, chan
coc: tu do): Hinh 4.

@ Cédc hé s6 clia 4n s8 & (rad/kNm)
8, =4,76500.10”
8, =2,24007.107
S,, = 8,68300.107
8, =7,22521.107
8, =5,81219.10°
8,5 =6,79036.107
8,, =4,54633.10”
8, =7,90273.10°
8 =4,29023.107

@ Cdc so hang tw do A (rad)

A =1 (H. 4c) ¢ =1 (H. 4d)
A,, =-131,147541.107 A,, =-1
Alz = -AOZ Alz = AZZ = A3z =0



EI=5,376.10*kNm?
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Hinh 4: Tinh dd citng chdng chuyén vi du coc déng trong nén dong nhit cé k =

8000kN/m"*.
a.
b.
C.

d.

c.

SJ do tinh todn,

Sd d6 dim tuong duong,
Chuyén vi ngang A =1,
Chuyén vi xoay ¢ = 1,

7, s R A A .
Céac bi€u do mo6 men don vi.

® Hé phuong trinh chinh tic:
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oMy + 0y M, +06,M, +5,;,M; +A,, =0
d,)M, +6, M, +6,M, +6;M; +A,, =0
d,0M, +0, M, +6,,M, +5,;M; +A,, =0
O;0M, +0; M, +6,M, +8,;M; +A;, =0

Nghiém:
M, M, M, M;
A=1 42282 -3152,0 3,239 -9.8
o =1 24579,0 -7661,0 505,0 28,0

@ P citng chuyén vi ddu coc
Khi A=1: M, =42282 kNm/m,

Q, =967,895 kN/m.

Khi ¢ =1: M, =24579,0 kNm/rad.,
Q, =4228,197 kN/rad..

4. Tinh md men ngam tai ddu coc khi chiu luc ngang Q (dau coc: ngdm truct,
chan coc: tu do): Hinh 5.
@ Céc heé s6 cia 4n s6 & (rad/kNm)
8, =1,619.10™
8, =7,83202.10°
8,5 = 1,6578.10°
8, =0
8, =4,48414.10”
8, =2,756.10°
8,, =9,94681.107
85, =3,85891.107
8., =4,650.10°
8,, =3,663.107
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Hinh 5: Tinh todn m6 men ngdm diu coc khi chiu luc ngang trong nén dong
nhat c¢6 k = 8000kN/m".
a. SJ do tinh todn,
b. So d6 dam tuong dudng,
c. Hé coban,

2~ (g A A
d. Cac bi€u d0 mod men.

@ Cdc so hang tw do A (rad)
A, =4,827.107,

A,, =0,129.107,
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® Hé phuong trinh chinh tic

oM, +8,M, +6,;M; +6,,M, + Ay, = 0
o0, M, +6,,M, +8,;M, +6,, M, + A2p =0
0y M, +6;,M, +06,;M; +6,M, + A3p =0
0,yM, +8,M, +6,,M; +6,, M, +A,, =0

Nghiém cdc mé men gdi (kNm):

M, =-29,9447
M, =2,2807
M; =1,1486
M, =-0,2077.

@ M6 men diu coc khi chiu lvc ngang Q = 10kN
Magim = My .M, + M = 43,06 kNm.
C6 thé kiém tra bing nhiéu cich cho thdy k&t qua trén 12 hop 1y.
5. Phan tich chuyén vi — ndi luc clia coc chiu lyc ngang trong nén phan 16p

® C4ch tinh cia TCXD 205 — 1998:

a) b)
Qo 1
KN —
N MENIEREIEIE] T ERIET RT (T %
Lépl | Hi K, H, F
Aﬁ 77777
N 2 2
Loptl | Hp Ky H,| H, E, ving anh hudng
Aﬁ -
E
H 3
L EI L 3
)ﬁ
Lép 1T} Hy, ki
D
‘s
)ﬁ aNn—— U A

——

Hinh 6: Cach quy ddi nén phan 16p vé nén ddng nhi't.

Coc chiu lyc ngang trong nén nhiéu 16p (H. 6a) dudc quy ddi vé coc chiu luc
ngang trong nén ddng nhit v6i hé s6 ty 1& chia hé s6 nén trung binh k., (kN/m*)
theo cong thic (vi du viing dnh hudng chita 3 16p):
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_ kK F +kyF + kB

9
b F +F, +F, ©)

O day: F,, F, va F; — dién tich tJ 1& 4nh hudng cda 16p 1, 16p 11 va 16p IIL

Chiéu day chung ciia ting dat trén mit 4nh hudng c6 tinh chit quyét dinh dén

su lam viéc cta coc chiu luc ngang, ky hiéu: Hy, c6 thé tinh theo [6], [7] hodc [8]:

H,, =2(D+1) (10)

H, =3.5D+1.5 (11)

H,, = 5 (12)
(04

V6i o: hé s6 bi€n dang (m™),

kD

tt

El

o=2

D va Dy: dudng kinh va dudng kinh tinh todn cla coc dudc xdc dinh theo [6],
[7].

Gid tri cia H,, theo (10) va (11) rdt don gidn con theo (12) ta phdi tinh lip.
Trinh ty tinh H,y, theo (12) dugc mo6 ta qua thi du sau:

S6 liéu cho trudc:

- Coc:
+ Tiét dién vudéng D = 0,3 m; D, = 0,9 m.
+ Bé tong cot thép thudng EI = 1,69.10™ kNm™.
- Nén di't ba 16p:
+ Lép I: k; = 3000 kN/m*, H; = 1,0 m.
+ Lép II: kg = 4000 kN/m*, Hy = 1,0 m.
+ L6p III: ky; = 8000 kN/m*, Hyy = oo
Giai:

Budc 1: k', = %(3000 +4000 + 8000) = 5000 kN/m*.

Tur (13): a =0,7758 m™.
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T (12): H{) =2,320 m.

Budc 2: Tt két qua trén, dung (9):
k) =3323,75 kN/m".

Tur (13): a® =0,7150 m™.

T (12): HY =2,518 m.

Ct nhu th€, 13p cho dén khi thu dugc gia tri hoi tu clia Hy, thda mian mot sai s

cho trudc.
K&t qua tinh todn dugc ghi tém tit & bang 1:

Béng 1: Gia tri H,y, tinh theo cong thiic (12):

Pai lvgng Vong lip s6
1 2 3 4 5 6
K, (KN/m*) 5000 3323,75 | 3532,41 | 3510,93 | 3513,07 | 3512,85
o (m™) 0,7758 0,7150 0,7237 0,7229 0,7229 0,7229
H,, (m) 2,320 2,518 2,487 2,490 2,4898 2,4898
Giad tri H,y, tinh theo cdc cOng thic khac nhau cho § bang 2.
Bédng 2: So sdnh gi4 tri H,, (m) theo cac cong thiic
bai lugng Cong thuc (10) Cong thac (11) Cong thuc (12)
k. (KN/m®) 2,60 2,55 2,49
o (m") 3588,0 3555,56 3512,85
H.n (m) 0,726 0,725 0,723

Sau khi quy d6i nén phan 16p vé nén d6ng nhat v6i hé so ty 1€ trung binh clia

hé sd nén k, , , chuy€n vi — ndi lyc trong coc dudc tinh bing cdc cong thifc gidi tich.

@ Céch tinh nén phan 16p:

St dung cdch quy d6i coc chiu lyc ngang trong nén phan 16p vé dam lién tuc

trén cdc goi twa dan hdi c6 do cting khac nhau (xem H. 2) roi dung phuong phap

~ A ~ 2 . A . A
Ndm m6 men dé xac dinh chuyén vi — nd1 lyc trong coc.

® Danh gid muc do6 hop 1y cla cdch tinh theo nén déng nhiat (NDN) va nén
phan 16p (NPL) dugc thuc hién biing s6 qua 8 phuong 4n nén phan I6p (bidng 4) va 3

loai coc thudng gip. Céc thong s& vé coc ghi & bang 3.




14

Bdng 3: C4c thdng s6 clia ba loai coc.

L Coc vudng Coc Coc 6ng
Thoéng s6 » .
BTCT ong thép BTCTUST
1. Kich thudc ti€t dién (mm) 400 600 700
2. Chiéu day thanh (mm) - 16 110
3. Chiéu dai coc (m) 13 13 13
4. P cing chdng udn, EI (kNm?) 5,376.10* | 2,6287.10° | 3,1197.10°
5. Luc ngang, Q, (kN) 20 50 50
6. M6 men cho phép nut (kNm) 70 - 400
7. M6 men cho phép vé dd bén (kNm) 220 1150 690

Nhu di néi trudc day, d€ thu dugc s6 liéu “min” di d€ dé dang so sanh véi 15i
gidi gidi tich, & trudng hgp nén phan 16p chiing tdi da sit dung phain mém SAP 2000.
K&t qué chinh dudc tong k&t trong bang 4 va vé dugc 24 bo d6 thi so sanh chuyén vi
— ndi lyc trong coc. Hinh 7 12 mdt trong nhitng bd d6 thi nhu thé. Tir nhitng con s&

N 2z 2 A A ~ A 2z
nay c6 thé néu mdt s6 nhan xét sau:

e Quy luat bi€n thién clia cic dai lugng chuyén vi — ndi lyc khi tinh coc chiu luc
ngang trong nén phan 16p va trong nén dong nhi't quy ddi twong ddi phu hgp nhau.
C6 1& vi th€ ma nén déng nhi't quy d6i dugc khuyén nghi diing trong tiéu chuin

thi€t k& méng coc.

e ( hiu hét cdc phuong 4n nén phan 16p dudc xét, tinh theo nén déng nhat quy
ddi cho chuyén vi ngang clia coc 16n hon nén phan 16p, cé trudng hop 16n hon
22%. Tuy nhién, vé m6 men max thi bifc tranh ngudc lai, hau hét cidc phuong dn

nén déng nhi't quy ddi cho gi4 tri nhd hon tir 9+13% so vdi nén phan 16p.

e Phin luc nén 1én coc & hau hét cdc phuong 4n, nén dong nhat quy ddi bi€u thi
gid tri trung binh cda nén dat phan 16p. Chi ¥ ring, & nén phin 16p, biéu dd phan
luc nén c6 bude nhdy tai ranh gidi gitta hai 16p (H. 7d).
Trén cd s§ nay, khi tinh coc chiu lyc ngang trong nén phan 16p theo TCXD 205
— 1998, c6 thé dé xuat cac ki€n nghi sau:
® Nén ting gi4 tri m6 men max nhin dudc tir k&t qua nén dong nhit quy ddi
1én 15% d€ xét d&€n 4nh hudng phan 16p ctia nén dat.
@ Viéc ki€m tra diéu kién bén ciia nén dit xung quanh coc chiu lyc ngang,
ngoai cdc vi tri ¢6 @6 sdu dugc TCXD 205 — 1998 quy dinh, can phai thuc hién thém
tai ranh gidi gilta cac 16p.
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b)
Mz (KNm)
10 0 10 20 30 40
Lép 1
_____ K=600
I&p 2
=2:00 - - K=5000
Lop 3
K=6000
4.00 —— Biéudd Mz
—=— Biéu do Mz
6.00 (sap)
E
N
8.00
10.00 3
12.00 &
14.00
d)
Pz (KN)
20 4510 5 0 5 10 15 20
L L L nlor\ L L | L(’yp 1
. ... K=600
Lép2
.- “0g0n = = = = mm K=5000
240 1503
K=6000
4000
6.00 4 —=—Biéudd Pz
— (sap)
E
N
8.00
10.00
12.00
14.00

Hinh 7: Coc vudng BTCT chiu luc ngang Q = 20kN (phuong an phan I6p 1) v6i

cic bi€u do:

Chuyén vi ngang,
M6 men udn,
Luc cit,

Phan luc nén.

e oo
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Béng 4: So sanh két qua tinh todn ba loai coc chiu lyc ngang trong tim phuong 4n nén phan 16p.
Phuong 4n phéan 16p clia nén 1 2 3 4 5 6 7 8
ki (H; = 1,0m) 600 600 1500 3000 1500 3000 5000 5000
’ Ky (Hy = 1,0m) 5000 1500 3000 5000 600 1500 3000 1500
Hé s6'ty 1&
ciia hé 56 K 6000 3000 5000 8000 3000 5000 8000 3000
nén Vudéng BTCT 2585,17 1130,86 2336.6 4175.8 1344.86 2693.26 462313 3642,02
(kN/m*) | K., theo T
BV Ong thép 3092,64 1365,78 267753 4635.89 1504,68 2909,03 494456 3740,69
Ong BTICTUST |  3297,89 1467 54 2824.05 4846.63 1582.88 301628 5102,94 341334
Coc vudng NPL 4632 | 14| 1271 | 50| 5041 | o | 3.834 | 4| 7423 | | 5156 | o] 3784 |, | 4.685 |,g
BTCT NBN 5297 [(P)] 8699 [(B)| 5628 |(B)| 3989 [(©)| 7840 [(B)| 5168 || 3737 [(B)| 4312 |(%)
Chyén vi
ngang tai | Coc dng NPL 4796 | 13| 1.510 | 49| 5423 | | 4105 | 4| 7769 | ¢ | 5579 | ;| 4176 |, | 5650 |,10
mit dat thép NBN 5454 |(P)| 8906 |(P)| 50946 [(P)| 4278 [(B)| 8403 [(P)| 5658 |(P)]| 4112 |(P)| 5089 |(%)
(mm)
Coc Gng NPL 4179 | 17| 6546 | 5p| 4730 | 14| 3.580 | o | 6776 | 15| 4869 | 5| 3.646 | 5| 4961 |4
BTCTUST NBN 4899 |(P)| 7964 (P 5377 [(P)| 38890 [(B)| 7610 [(P] 5169 |(P| 3770 |(P)| 4799 |(%)
Coc vudng NPL 31,583 | 13| 36.596 | (1| 31572 |,{q| 27.990 |, 0| 36.157 |,(3| 30.351 |, | 26,340 | ;| 24.622 | 4
M6 men BTCT NBN 27584 | (@) 32562 [(P)| 28.157 [(P)| 25.103 [(P)| 31380 |(P)| 27392 |(P)| 24579 [(B)| 25672 |(%)
usn16n | Coc ong NPL 94,905 | ,q | 111653 | ,q | 98.306 | o | 88.629 | g | 113.261 |, 5| 98.665 |, ;0| 87.852 |, ;0| 85.763 |,
nhat(lzgng) thép NPN 86,411 [(®)] 101,392 [(%)] 89,450 |(%)| 80319 |(%)| 99454 [(%)| g7.981 |(%)| 792092 |[(%)| 84480 |(%)
coc m
Coc &ng NPL 95,851 [+11| 112,822 |+11| 99.477 |+11| 89,746 |+11| 114,531 |+13| 99,902 |+11| 89.043 |+11| 87.283 | +3
BTCTUST NDN 85519 |(?)] 100,273 || 88,587 |(%)| 79.672 |(%)| 99576 |(%)| 87392 |(%)| 78 829 |(%)| 84840 |(%)
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III. Phuong phap N:im mé men gan ding
3.1 Y tuwdng cd ban vé& Phuong phdp Nim md men gin ding

0 muc truée ta da thdy rd khd ning to 16n cha Phuong phip Nim mo men ddi
véi viéc gidi nhi€u 16p bai todn dAm trén gdi dan hdi cuc bo. Trong qud trinh tinh
todn thuc hanh ta lai nhan thiy di€u sau day:

Céac hé sb ctia 4n sO 3, theo (4) dugc xac dinh tuong doi dé dang vi cdc lyc dat
& vi tri g6i twa trong hé cd ban. Trdi lai, cdc s6 hang tu do A theo (5) thi do cdc tdi
trong ngoai khdc nhau tdc dung trén nhip nén tinh todn sd hang A‘ip phuc tap. Gia
tri A‘ip sé triét tiéu khi ma trén hé co ban chi c6 cic lyc tap trung thing ding dit tai

vi tri gdi tya. Vdi y tudng trén, c6 thé xay dung Phuong phip Nim md men gin
ding trén cd s§ cia Phuong phdp Nim md men. PE 15i gidi ciia Phuong phap Nim
md men gin diing c6 thé chiap nhan dudc, can phai gidi quyét hai van dé co ban ddi
véi mdi loai tai trong ngoii: lyc phan bd déu, lyc tap trung thing difng vd mod men

tap trung, do6 la:

1. Cdch quy ddi tai trong bat ky tdc dung trén nhip dim vé cdc lyc tp trung
thing ding dit tai g6i tua dan hoi, va

2. Céch tinh chuyén vi — noi luc trong ti€t dién bat ky ctia dim.
3.2 Trudng hop tii trong phan bd déu:
1. Céch quy ddi tai trong:

DAm lién tuc nhiéu nhip trén cdc gbi dan hdi (H. 8a) dudc tach thanh cdc dam
don gidn chiu chinh t3i trong d6 d& tinh phan lyc gdi tua (H. 8b). Hinh 8c biéu dién
cac luc tip trung thing ding dit tai gdi i khi dAm chiu tai theo s6 dd Hinh 8a sé& la:

P, =R{ +RM
2. Céc codng thic tinh chuyén vi — ndi luc:

Phén luc g6i tua:
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%ééééﬁééé%ééﬁﬁ
K., K, K, il o M2y

i-1 L Li '[L Li+l L Li+2 L

\ P, \ P, \ P, \ P, \ P
C) - -
i2 il = i il = 42

Mlzé ! J;Mwﬁ é LM J; oMl J;M*m
= il i+2 =

Hinh 8: C4c so dd tinh todn ddi vdi tai trong phan bd déu

a. Dam trén gdi dan hdi chiu tdi phan bd déu q;

b. R&irac hé dusi dang dim don gidn;

c. Dam chiu lyc quy d6i tai goi;

d. Sd dd tinh chuyén vi — noi luc tai mot ti€t dién bat ky cda dam.
Goi tua bién trdi:
M, 1

+—qL,

R
7L, 2

Goi tya trung gian:

M, 1 1 M, 1
R, =—=ZL M| —+—|[+— 4+ q(L,+L 10
I(L j Ll 2q( 1+1) ( )
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Chuyén vi thing ddng tai gbi tua:

vi =kiR;

Momen udn trong cic nhip dAm:

Nhip bién tréi:
M, 1
M(x,)=—x? +| —L+—qL, |x
(x1) 1 (Ll 2q 1} 1
Nhip trung gian:
M(x.)=——qx; +| ——+—qL, x, +M
(x;) 54X [ T 54 j -
Nhip bién phai:

M(Xn) = _%qxr% + (_%4'%anan + Mn—l

Luc cit:
Goi tua bién trdi:

M, 1
ph _ 771 4~ gL
Qo L, 2q 1

G6i tua trung gian:

tr _ Mi _Mi—l _1

=—1 =l qL.
Qi L. 2q !
QP == ——"+—dLi,

i+1
Goi tira bién phdi:

M 1
tr n—1
Q —____q|

n I N 2 n

(11)

(12)

(13)

Hai trudng hdp tdi trong ngoai con lai sé dugc st dung cac ky hiéu § muc nay

ma khong chi gidi.
3.3 Trudng hop tai trong tip trung thing ditng:

1. Céch quy ddi tai trong:
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2) P P P Pl
2 =k 1= = i+l =g 2=
4Lai-lL biy 4Lai 4L b; J,awlﬂL Dyt 4La‘i+2L bis J,
) Li,y ) L f Lisi ) Lip )
b) P
771;52 ‘ R, ‘ Pi
R® \ R ‘ P,
R™ Ry, ‘ Pl
R™ RIS
0 ‘ P, ‘ P, ‘ P, P... ‘ P..,
2 = il = i il = =
& M. Paowy P Phowm, Pl
) il = i = il = W=

Hinh 9: Céc so d tinh todn ddi vdi tai trong tip trung thing ding.

a. DAm trén gdi dan hdi chiu t3i tip trung;

b. Rdirac héa dusi dang dim don gidn;

c. Dam chiu luc quy d6i tai goi;

d. Sd db tinh chuyén vi — noi luc tai mot ti€t dién bat ky cia dim.

Hoan toan gidng nhu trudng hop tdi trong phan bd déu, cich thifc quy ddi tai

trong dudc md ta cu thé trén Hinh 9. Cudi ciing, luc P; trén Hinh 9¢ van tinh theo

9).
2. Céc cOng thitc tinh Chuyén vi — ndi luc:

Phén luc gdi tua:

1
RO :L_I(Ml +Plb1)
- 1 1) Pa, 1
R; :L—il_Mi(L_i+ Li+1j+ Lai + " (Miy) +Pyyibiy)
R, =LL(MH_1 +Pa,)

n

(14)
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MO men udn tai cdc vi tri dit ngoai luc (H. 9d):

Ml :i_ll(Plb] +Ml)

Mi :LL(Piaibi +Mi—1bi +Miai) (15)

1

MH=E“@@H+MWJ

n

Luc cit tai cdc vi tri dit ngoai luc (H. 9d):

. 1
; = L_1(M1 +P1b1)
1
th = L_1(M1 - Plal)
Q? = LL(MI + Pibi - Mi—l)
1i (16)
Qiph = _(Mi —Pa, - Mi—l)
L,
. 1
QL = L_n(Pnbn - Mn—l)
Qgh = LLH(Pnan + Mn—l)
Luc cit tai cic goi tua:
1
Q= _(Ml + Plbl)
L,
Q;r = LL(PiHbiH +M,, - Mi)
i+l (17)

Q?h = L_(Ml -M;, - Piai)

1

1
Qn = _L_(Pna'n + Mnfl)

n

3.4  Truong hgp md men tip trung:
1. Céch quy ddi tai trong:

Trong trudng hgp nay, tai mdi dim gidn don (H. 9b), cdc phdn lyc gdi tva tao ra
mdt ngiu luc cAn biing véi mdé men ngoai luc tip trung tdc dung trén dim d6. Va,

nhu thé, luc quy d6i P; (xem H. 10c) van tinh theo (9).
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Mill M1 1\/I'i+1 M'i+2
1_2 ki—2 1_1 k] 1 ! ki 1+1 k1+ 1+2 ki+2
a4 b 4L 4 , b 4L ai+qu i J, i I, i+2 4\,
|, Li L L |, Liyy L Liv |,
/ 7 7 7 7
M;,
t *
R;l M;
t *
R?’l; ‘ Rir M;,,
i
ph Rtr M
R, isl i+2
h tr
R§)+1 ‘ Ri+2
\ P, \ P, \ P, \ P, \ P
i-1 i i+1 1+2
M;, M, M; M; M, M, Mi. M.,
i-1 % 1 % i+1 % i+2§

Hinh 10: C4c so dd tinh todn d&i véi mdé men tip trung

. Dam trén goi dan hoi chiu cic m6 men tap trung;

R&i rac héa duéi dang dim gidn don;
DAm chiu lvc quy ddi tai goi;

Sd db tinh todn chuyén vi — ndi luc tai mot tiét dién bat ky clia dam.

2. Céc cOng thitc tinh Chuyén vi — ndi luc:

Phan luc ¢6i tua:

R, =LL(MT+M1)

1
R= b oM)M{egfeg b )
Rn :LLH(Mn—l _Mfl)

MO men udn tai cdc vi tri dit M6 men ngoai luc tip trung:
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My :%<MT +M1)
1

M =M M
Mfr =M, _i(Mi—l -M, - M:)
b (19)
Miph =M, _M? _%(Mi—l -M, _MT)
M;r = EZ (Mn—l +M;)
M =MY + M,
Luc cit trong nhip dAm:
Q1 = LLI(MT + Ml)
Q=M +M M) (20)
Qn :L(M;: _Mn 1)

3.5 Vidu:

a)
k€0 A kZ1 B kZ2 C kZ3 D kZ4 E kﬁ%ﬁé
| | a
)

A O T T S A S I S
L

4 7 7
L L L L L L L L L

= 7 7

J75

b)éoiyiygléﬁgiy%géiy%ﬁégﬁ

p p P P P
C)
20 A Z1 B =2 C =3 D =4 E Wg@é
d) M; M, M, M, M

20 A 21 B f2C 23 D Z4 E 25

Hinh 11: C4c so dd cda vi du tng dung phuong phdp Nim mo6 men gin ding.
a. SJ do két cau,
b. Dam chiu tdi phan bd déu q = SOkN/m,
c. Dam chiu tai trong tip trung P~ = 100kN,
d. Dam chiu tdi m6 men tap trung:
M, =M, = M; = 500kNm.
M, = M, = 1000kNm.



24
1. Pau bai: cho mdt dim lién tuc c6 nhip va do ciing cdc gdi dan hodi bing nhau:
L =1,0m; a=b=0,5m va k = 3,33.10° m/kN; do ciing chdng uén EI = 2,1.106
kNm?. Hiy so sanh k&t qua giita Phuong phdp Nim mé men gin ding v6i Phuong
phdp Nim m6 men khi dim chiu tdi phan bd, lyc thing ditng tip trung vd md men
tap trung trén nhip (H. 11b, c va d).
2. Giai:

Nhu d3 bi€t, 8 Phuong phap Nim mo6 men, bai todn ndy c6 4 4n s6 md men goi:
M, My, M3 va My véi cdc hé s6 clia s6 8;; giong nhau, chi c6 cdc s6 hang tu do A
12 kh4c nhau. Piéu d6 din dén két qué sai khdc nhau nhu & bdng 5.

Bdng 5: So sdnh két qué tinh

. Phuong phap Nam md Phuong phap Nam .
bailuong men md men gan ding Nhan xét
A
o Ip -8,305.107* -8,325.10
A -6
o 2p 1,986.10 0,0 .
) kh h
g As, 1,986.10° 0.0 Sai khdc ratnho
-4 -4
5 2 A, -8,305.10 -8,325.10
27 ™ 16,03 16,12
Q
M, 23,82 24.0 o
E% M, 23.82 24.0 Sai khdc nhd
M, 16,03 16,12
o Ay -1,659.10° -1,665.10°
B Aoy 5,925.10° 0,0 Sai khéc rat nhd
S| A, 5,925.10°° 0,0
é' b= A, -1,659.10° 1,665.10°
-— N
2.5 M, 31,95 32,24
= =
O M2 47,46 47,98 . . 9
/(g Ms 47.46 47.98 Sai khac nho
A M, 31,95 32,24
= Ay 0,066 0,0666
= Ay 20,0999 -0,0999 e mha
° As, 0,0 0,0 8
(é %o A, 0,0333 0,0333
E' = M, 543,01 543,01
S M, 1633,43 1633,43 Bline nhau
E M 1262.59 1262.59 g
A M, 401,16 401,16

IV. Cong thic tinh dAm cé lién két (xem bang 6):



Béng 6: So do va cong thic khi dau dam c6 lién két
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Lién két ddu dam

COng thuc riéng

4.1 Goi tua cing: Hinh 13

Trong cdc cong thic (2) va (3): kg=0

P P P P P P,
1471 2J72 3473 4J;4 - IJ7n—1 J7n 00 =3LE—i+%
0 k Kk k k Kk k
74:;, . é 1 . 7% 2 . i 3 . % 4 é n-1 . Wé n 1 Ll y . |
P TR S A W S PR bl S __1(_+_] 21
6EI, L,\L, L
P@M, P2J7M2 P\@M} P4J7ML?PMJ7MH_I P@ . L1 1 i i ) )
LTI S S S S S LT (e e
4.2 Neam cung: Hinh 14 K
P P, P, P, P P, Agp =——P,
| by L s T b Ly 22)
V70 Zk =k, K, Zk, =k, 2k A _aepl i) kp
, Ly L L N L,y ) L, : P "N, L, L,
£ 7/ 7 % Gl
O TS S U1V N PP PR
-1 0 1 2 3 4 n-1 n 1 2 2
e R% Rj% R% R% R% R% L, k k(1 1
l 2 3 4 n-1 n 802 =620 :_6E12 +L—22+L—2 L_2+L_3 (23)
4.3 Ngam trudgt: Hinh 15 s 5. _ k,
Ry P1J7 Pzé P3J7 P@ Pn.lé Pné UL,
5 T b b e " P PLL, R, . R,
1 2 3 4 n-1 n op = + +k1——k2—
) L, ) L, ) L, L L, i L, P 2EI, 3EI, L, L, (24)
P p,L,L, R, 1 1
;@M() PIJ7M1 PZJ7M2 PSJ7M3 P4J7M P M,, PHJ7 2p =—W+le——k2R2 L—+L—
=S S e T ta L2 ’ P
R1:1>0(1+L—1j+1>1
L2 (25)
R, =P, -P,—-
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V. Tinh dim c6 khép bing phudng phap Nim mé men gan diing:

5.1 Dam tya tu do c6 khép:

d e

11

P, P, P, P, P.. P..
8 "lms Bl hmz Bl bt B bm Bl " met Bl " hme
m-3 m-2 m-1 k m m+1 m+2
| Lm-2 |, Lm-l |, Lm | Lm+1 |, Lm+2 |
4 7 7 7 7 7
b) Rn—3J7M m-2 Pm72 M m-2 Pm—l M m-1 Pm éM m Pm+l M m+1 Pm+2J7M m+2 (HCB)
= = = = = =
M,.,=1 o
¢) : M...)
L 1/Lm_2{7471/Lm,1 ﬂk VL
_ e/d
d) M=l T (M..)
= Hgi = = =
) VIR TdrentL,.) | e,
M,..=1 o
€) < 1 M,
1/Lm+1 1/Lm+147471/]—4m+2 ﬂl l/L m+2
f) M;.=1 (M z)
77%’ m+
Lz VL UL
P,. P P P, P. P,
g 17 2J7 'J7 $ 17 2J7 (M)

Pm»}f Pm-2lr Pm- llr Pm ZT Pm+llr Pm+21r

Hinh 12: Cé4c so do tinh todn dam c6 khép theo Phuong phdp Nim md men gan
ding.

a. SO dd dim lién tuc c6 khép & nhip trung gian m;
b. Hé cd ban;
c. d€n g. Cic bi€u @6 md men don vi vi mo men ngoai luc trén hé co
ban.
DAm lién tuc trén gdi dan hdi khong c6 lién k&t hai diu bién dugc goi la dam

tura ty do va 12 bai todn cd ban, don gidn nén dugc xét dau tién.
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Gia sit khép nim & nhip trung gian thit m, cdch gdi twra m-1 biing d va cdch goi
tra m biing e (H. 12a). Hé co ban ctia phuong phap luc nhu hinh 12b. V& cdc biéu
dd md men don vi (H. 12¢, d, e, f) va bi€u @6 m6 men ngoai luc trén hé co ban (H.
12g) rdi dung cong thitc Maxwell — Morh tim cdc hé s8 ciia 4n s6 §;; ciing nhu s§

hang twdo A :

S(m-2)(m-1) = Epy | ks ! + 1 + Ky ! +l
6(E1)m71 mel Lm72 mel mel d

3 2
O(m-1)(m-1) = bt 1 Jy +e—2 o Lma (Ej + k;n—z N
3(EDpo 3(EDy d 3(ED),,,; \d 2,

(26)
K 1 1 2 k., 1 e 2 K (€ ?
H SN BRE 2
m-1 m+1 m+1
6(m—l)(erl) = _&(Ej_,_ ! K| 1+ © + €Ki ! + !
6(EI)m+l d dLm+1 Lm+1 Lm+1 Lm+2
va
N S L e @7)
mel mel d d Lm+l Lm+l d

Sau khi thu dudc cdc md men gbi twa M;, gid tri cdc phdn lyc gbi chiu dnh
hudng ctia khép dugce xdc dinh bdi:

M 1 1
Rm—l = Pm—l + m-2 Mm—l (_ + j
Lm—l d Lm—l
M M
R =P +—mllj € |, Tm (28)
m m
d Lm+1 Lm+1
1 1 M
R — P _ m-1 Ej _ m+2
el m m+1 (d m Lm+1 Lm+2 Lm+2
Phén luc trong khGp Ry,
M, _
Rkh =- d : (29)

Céc cong thitc tir (26) dén (28) s& c6 dang don gidn hon nhiéu néu modt, hai
hoic cé ba dai lugng: dd cting chong udn EI, chiéu dai nhip dim L va do cing cla
gdi tua dan hdi k c6 gid tri bing nhau.

Mot diéu cin luu y nita 13 hé phuong trinh chinh tic, & dAm cé khép tai nhip m
s& khuy€&t dong va cdt thif m.
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Mb men tai g6i m sé& dudc tinh qua mo men tai gdi m-1 nhd biéu thic sau:

(S
Mm = _Mml(aj (30)

Né&u khép roi vao ding vi tri g6i m thi cdc cdng thitc (26) va (27) trd nén don
gidn hon nita. Liic nay, hé phuong trinh chinh tic mat hin dong va cot thit m (M, =
0) con cdc hé s6 clia 4n s§ cling nhu s6 hang tu do thi gidng nhu trudng hgp dim
khong c6 khép (dadm lién tuc). Ta s& sit dung nhan xét nay dé gidi cic bai todn dim
trén nén dan hai.

5.2 Dam c6 lién két va c6 khdp:
1. Nhan xét chung:

@ Tir cdc cong thitc (26) va (27) cho thdy, n€u khép nim tf nhip thd ba trd di
ké tir lién k&t thi dAm c6 lién k&t va c6 khép tinh nhu dAm ty do ¢6 khép.

@ Trudng hop dam c6 goi tya cliing & mit trdi va c¢6 khdp thi cdc cong thic
(26) va (27) vin ddng.

® Nhu vay ta can phdi xdy dung cdc cdng thic dang (26) va (27) cho cic
trudng hdp miit trdi dam c6 lién k&t ngdm cling va ngam trudt, con khdp thi rdi vao
nhip thi hai.

Va, nhu d@ néi § muc trude, lic ndy hé phuong trinh chinh tic s& khuyé&t dong
va cot thit 3. Md men gbi M3 sé dudc tinh qua md men gbi M, theo (30).

2. Dam lién k&t ngam ciing va c6 khép (H. 16):
Hé phuong trinh chinh tic chita n 4n s6 (khuyé&t dong va cot thit hai):

Opn-noMo+ Bp_yMy+ O sMz+ o+ Sppym-yMp1+ Apopp =0

Trong dé:
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L k(1 1
801 =819 = ————+| —+—
6EI, L,\L, d
L, 1 ) L, (e 1 1)k e ) ki(eY
8 = ——+ d+— |+—= (—j +k| —+— | + 2| I+ — [+ 2| = (32)
3EI, 3EL\ d?) 3EL\d L, d) &\ L,) 13\d
813:631:£(EJ+L k2 1+i +k3 L.}.L E
6EL (d) L. L, L, L, )\d

Ap= kR L+ dl] Keg 14 & —ER{EJ (33)
L, d) d L,) L, '\d

Chay: 9 tinhtheo (21) va

Ayp theo (22).

d e

a) RO) P1J7 ) PzJ; 2 () Pﬂ; 3@ P4J74 WP"‘1J7 nl () P"J7 n
Yo =k =k %19 =k, =k, =k,
4L L 4L L, 4L Ly qL L, 4L , L, ,

b)  Eicee P1J7 | P2J7 ) P3J7 \ P4J74 Pn-1J7 . PHJ7 )

'IW};(O) O%ko Wéflﬁ W%kz W%ka W%”kli W%kn-l W%kn
L()
C) EJ=oo Mo P1J7 1\/[1 P2J7 P3J7 M3 P4 M4 Pn_l M ] PHJ7
170 0/ K 2 ER =3 =4 = HW%(HCE
Rllr RQZT RSZT R4ZT Rn—l Rn
P P P P P P
d o M g 2J7 M, 3J7 @ Mo UM J; M: (n41) “”J;
VAN =2 =3 =4 =5 = n+1§7(HCB)
R, Ry’ Ry RS R, Ryt

Hinh 16: Sd @6 tinh todn dam lién k&t ngdm ciing c6 khép.

a. Sd do két cau;

b. So d6 két cau tuong duong;

c. Heé cobdn cta két cau tuong duong;

d. Hé cd bdn cla két cau tuong duong khi dich sd thit tw g&i v€ phia tréi.

3. DAm ngam trudt va c6 khép (H. 17)
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4\' L 4L Ly «L «L Le 4L
S T S N L |
1 2 =3 =4 =l n2 (HCB)
M,=1
c) 1 1 eld -
L I I S L
1147 efdLy +1) T e/(dLy)-1/d+1
d) M, =1
bl Ly Ly 1L ML,

©  _erl] [T Pl
o (M)

Hinh 17: Sd d6 tinh todn dam lién k&t ngdm trugt c6 khép.
a. Sd do két cau;

b. Hé co bdn;

c. vad. Cicbi€u dd md men don vi M, va M,

e. Bi€u d6 mo men ngoai luc trén hé co ban.

Loi gidi cia bai todn nay xudt phat tf cdch chon hé cd bdn clia phucng phap
lyc nhu & hinh 17b va md men M, sé 1a mdt trong cac 4n s0. Phuong trinh Nam mo

men viét cho goi 0 s& c6 dang:
600M0 + 802M3 + AOP = 0 (34)

Trong do:
2 2 2 2
800=&+ © g+(g) s L (E] +k—;+k2 L(E)H +kj, L(EJ—lH
El, 3EL|e \d 3EL\d) d L,\d L\d) d (35)

8oz =03 = L, (E +k_2 i e +1|-k; L_,_L L c _l_,_l
6EI;\d/ L;|L;\d L, L,)L;\d/) d
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2 3
pop = P LB (g €
2EI, 2BL, | d

+k;R; i(Ej—l+l
L;\d) d

3EL, \d d

2
L,L;Py (e R

ld)

(36)

(37)

Sau khi thu dudc cdc md6 men goi twa, gia tri cac phdn luc gdi cda dam dugc

tinh theo (28), riéng phan lyc gdi 1:
Rl = _% + PO + Pl

5.3 Vidu:

1. Vidu I: Dam tua tu do

(38)

Dam tya ty do cé cdc sd liéu cho trén hinh 18a sé& dudc tinh cho 2 trudng hdp

lién tuc va c6 khép & nhip m = 3.
Gidi

Trudng hop dim lién tuc

® Heé phuong trinh chinh tic:

OyM;  +6,M,  +6;3M;
0,M;  +0,M,  +0,3M; +6,uM,
85 M, +06p,M, +03;3M; +83My +0635M;
0pM,  +045M;  +0,uMy +845Ms
053M; O0suMy  +855M;

@ Cédché so cta 4n so (rad./kNm):
813 = 824 = 835 = 3,33.10-5
812 = 823 = 834 = 845 = ‘1,331.10_4

8]] = 822 = 833 = 844 = 855 = 2.10_4

+Ap
+ Asp
+ Asp
+Ayp
+Asp
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P,=50kN P, =100kN P,=100kN P,=200kN P, =250kN P;=100kN P, =50kN

d=0.8

e=0.2

)3
o

. .

k=0 (I k=1 @ k=2 3 k=3 @4 k=4 & k=5 (© 6
_ -5 0 2
L k=3,33.10"m/kN 6x L6 x 1 (m) EJ=2,1.10'kNm |
4 i
34,48
, M)
I . R Y 60.49 23,60 KNm
T
y
51,58
@ 83,39
113,44
193’63\198777 [ | Damc6 khép
80,19 | | Damlién tuc
61,86 ~
51,58 43.10 50,40 Q)
® @ (1) 5,14 () kKN
16,05 18,43
36,89 23@’60
© 83,39
115,38

Hinh 18: So @6 vidu 1

a. Sodddam;

o R A A
b. Bi€u d6 md men;

c. Biéu db luc cit.

® Cic s6 hang tu do (rad.):
Ajp =Asp =-1,665.107

Arp =Asp =3,33.107

Ay =-6,66.10"

@ Cac md men goi (kKNm):

Ml = 51,58 M4 = 198,77
M, = 113,44 M, = 83,39
M; =193,63

Trudng hop dim ¢6 khép

® Hé phuong trinh chinh tic:
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oM, +906,M, +Ap =0
M, +0,M, +0,My +A)p =

0poM, +0, M, +0,Ms +A,p =
O0su,M, +05sMs +A5p =0
@ Cédc hé so cta 4n so (rad./kNm):
8, =8, =-1,414.10"
8, =2,792.10™
84 =854 = 6,658.107
Céc hé s6 con lai khong chiu d4nh hudng clia khép thi tinh theo (2):
845 =845 = 3,33.107
8§y =84 =855 =2.10™
® Cic s6 hang tr do (rad.) theo (27):
A =-1,665.107
Ay =3,746.107
Ay =-6,66.107
Asp =3,33.107
@ Cac mod men goi (kNm):
M, =-16,05 M, = 60,49
M, =-34,48 M; =23,6
T (30): M; =9,62 kNm,
Twr (40): R, =43,1 kN.

Bi€u d@6 ndi luc ctia dim trong hai trudng hop dugce vé chip trén H. 18b va c.

2. Vidu 2: Dam lién k&t ngam citng miit bién trai.

Hinh 19a 13 s6 @6 dadm c6 cdc s6 liéu xuat phat s& dugc tinh ddi vdi hai trudng

hgp: li€n tuc va cé khép.
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P, =100kN P, =100kN P, =250kN P, =300kN
a) y J7
0 ) 1 2 2 3) 3 4 4
L Im L d=1m Le:O.SmL 1.5m L Im L
4 gl gl gl 64 5 7
EJ=2,1.10'kNm
1361.48 k=3,33.10"m/kN
960,09
[ | Cokhép
|| Khong khép
187.70 494,72
©
- 44,23 108,86 (M)
b) ’ 23,60 kNm
e
401,39 22,12 @ 26,88
310,25
@ 257,24
142,87 ®
@ 108.86
42.87 3,37 @ Q)
c) ~ kN
26,88

Hinh 19: So @b vi du 2
a. Sd do dam;

b. Biéu d6 mé men;

c. Biéu dd luc cit.

Trudng hop dim lién tuc

® Hé phuong trinh chinh tic:
800M0 + SOIMI + 802M2 + Aop == O
620M0 + 821M1 + 622M2 + 823M3 + AZP == O
631M1 + 832M2 + 833M3 + A3P = 0
@ Cdc hé so cla 4n so chia thanh hai nhém (rad./kNm):
Nhém chiu 4nh hudng lién k&t ngam citng theo (21):
9y = 3,346.107
So; = 8,0 = -3,542.107

8, =1,077.10"
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Nhém khong chiu 4nh hudng lién k€t ngam ciing theo (2):
8,0 =8y, = 1,48.107; 8, =85, =-6,6480.107
8y =8, =-6,648.107; 5y = 1,41.10™

8, =8,928.107

® Céc sd hang tu do (rad.) cling gdm hai nhém nhu trén:

Nhém thit nhat tinh theo (22):

Agp =3,33.107

Ap =-3,33.107

Nhoém thit hai tinh theo (3):

Ay =3,33.107

Asyp =-1,665.107

@ Cac mod men goi (kNm):

M, =-1361,48 M, =-494,72

M, =-960,09 M, =-108,86

Trudng hop dim ¢6 khép

® Hé phuong trinh chinh tic:

oMy  +80M; +App =
0 )My +0;M; +6;3M3 +Ap
OyM;  +0;M; +Ay, =

0
0
0
@ Céc hé s6 clia 4n sd gdm ba nhém (rad./kNm):

Nhém chiu 4nh hudng bdi lién k€t ngam theo (21):

8o = 3,346.107

Nhém chiu dnh hudng clia cé lién két ngdm va khdp tinh theo (32):
8o =81y =-6,625.107

&, =1,965.10"

83 =83 = 4,804.10”

Nhém ty do tinh theo (2):
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8y = 1,41.10™
® Cic s6 hang tu do (rad.) ciing gidng nhu vay:
Nhém chiu 4nh hudng bdi lién k€t ngam theo (22):
Agp =3,33.107
Nhém chiu 4nh hudng clia cd hai y&u t&: ngam va khép, tinh theo (33):
Ap =-4,995.107
Nhém khong chiu dnh hudng gi, theo (3):
Asyp =-1,665.107

@ Cac md men goi (kKNm):

M, =-187,1
M, = -44,23
M, = 26,88

Tu (30) ta c6: M, =29,49 kNm.

Tu (29) ta nhan dudc: Ry = -44,23 kN.

Hinh 19b va c 13 biéu d6 mo6 men va lyc cit trong dam.
3. Vidu 3: DAm lién k&t ngam trudt mit bién tréi.

DAam c6 s6 liéu nhu vi du 2, nhung c6 lién két ngdm trugt & mit bién trai va

cling tai d6 chiu mot lyc Py = 100kN.

Trudng hop dim lién tuc

® Hé phuong trinh chinh tic:

800M0 + 802M2 + 803M3 + AOP == O

820M0 + 822M2 + 623M3 + AZP = O

d;0My  0M,  +985;M; +A3 =0

@ Cédc hé so cta 4n so (rad./kNm):

Nhém chiu 4nh hudng cia lién k&t ngdm trugt, theo (23):
8o = 3,031.10°7

8oy =8y = 4,428.107
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83 =805 = -1,48.107

Py =100kN p _; hokn P, =100kN P, =250kN P, =300kN
S | !
0 (1) 1 2) 2 3) 3 “4) 4
L 1m L d=1m Le:O.SmL 1.5m L Im L
£ # 7 # ; ) 7
EJ=2,1.10°kNm
223,53 22638  k=3,33.10"m/kN
123,53
© 71,46
26,97 (M)
b) kNm
o 5,34
53,94 105,28
153,94 @ 7546
()
10<0>00 5300 C6 khop
100.00 || Khong khép

Hinh 20: So dd vi du 3
a. Sd db dam;
b. Biéu d6 mo6 men;
c. Bi€u dod luc cit.
Nhoém tu do tinh theo (2):
8y =8,928.107
83y =8y = -6,648.107
8, = 1,41.10™
® Cic s6 hang tu do (rad.):
Nhém chiu 4nh hudng ciia lién k&t ngdm trugt, theo (24):
Agp =5,222.107
Ay =9,978.107

Nhém céc s6 hang tr do theo (3):
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Ay =-3,145.107

@ Cac mod men goi (kKNm):

M, = 123,53
M, =-226,38
M, =-71,46

M6 men goi 1:
M, = -M() - P()Ll = -223,53 kNm.

Trudng hop dim ¢6 khép

® Hé phuong trinh chinh tic:

830M0 + 833M3 + A3P = 0

@ Cédc hé so cta 4n so (rad./kNm):

Nhém chiu 4nh hudng clia cd ngam trudt 1an khép, theo (35):
00 = 9,691.107

839 = 803 = -4,804.107

Nhém ty do tinh theo (2):

8y = 1,41.10"

® Cic s6 hang tu do (rad.):

Nhém chiu 4nh hudng clia cd ngam trudt 1an khép, theo (36):
Agp = 14,663.107

Agp = -6,463.107

@ Cac mod men goi (kNm):

M, =-153,94

M, =-534

M6 men g6i 1:

M, = -M() - P()Ll = 53,94 kNm.
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M6 men g6i 2 theo (30):

M, = 26,97

Phén luc trong khép theo (29):

Ry =53,94 kN.

Trén hinh 20b va c 12 biéu dd m6é men va lyc cit trong dim.
4. Ghi chu:

® Lién két ddu dim c6 dnh hudng d&n ndi luc trong dam;

@ Khi c6 khép, noi luc trong dam c6 sy phan bd lai va gid tri gidm nhd hon
nhiéu khi khong c6 khép.

Céc két qua nay déu da dugc ki€m tra bing 15i gidi Phuong phdp Nim md men
hodc phain mém SAP 2000.

VI. K&t luén:

6.1 Niam md men, trong mdn cd hoc két ciu, 13 phuong phép luc duy nhat dé tinh
dam lién tuc trén gdi dan hdi. Trong hé phuong trinh chinh tic, cic hé sd cia 4n s&

ciing nhu cic s& hang ty do c6 thé dugc biéu dién ré rang gdm hai thanh phin:
- Thanh phan chiu 4nh hudng clia dam.
- Thanh phan chiu 4nh hudng ctia gdi dan hdi.

Thong qua mdt s& vi du cu thé, cho phép ta nhan bi&t kha ning rong 16n cia
phuong phap Nam md men d&i v6i viéc gidi cdc bai todn vé diAm trén g&i dan hoi.
6.2 Trong qud trinh thuc hanh thi phifc tap nhat 13 tinh to4n thanh phan chiu dnh
hudng ctia dam thudc sd hang tu do néu cé tdi trong ngoai tdc dung trén nhip cla
hé cd ban. Piéu d6 kié€n ta nghi t&i viéc triét tiéu thanh phan nay bing cich quy d6i
cdc tdi trong ngodi thanh cédc lvc tip trung thing ding tic dung tai vi tri gdi. Lic
ndy, cdc hé s6 clia 4n s6 van tinh nhu Nim mo6 men con sd hang tu do thi chi giff lai
thanh phan chiu 4nh hudng clia gdi dan hdi. V4i ciach lam nhu th&, dé tién phan
biét, chiing tdi quy u6c goi: Phuong phdp Nim mo6 men gan ding.

6.3 Nhg tinh don gidn hon, phuong phdp Nim md men gan ding cho phép gidi

nhiéu 16p bai todn clia dim trén gdi dan hdi, dim twa tv do c6 khép, dim c6 lién
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k&t mot hodc cd hai dAu mit va dam vira cé lién két vira ¢6 khép. Cac van dé da
dudc gidi quyét, d6 1a: chon hé dam tudng duong, chon hé c¢d ban hop 1y va thiét
lap hé thdng cdc cong thiic xdc dinh cdc hé s6 clia 4n s6 va cdc s6 hang tu do theo
cong thifc tinh chuyén vi Maxwell-Morh thdng qua viéc nhan truc ti€p cic biéu do

mo men.

K&t qua ki€m tra bing SAP2000 cho thi'y hé thdng cdc cong thiic di thi&t 1ap la
ding din.

6.4 N6i chung, phuong phap Nim mo men, tf tridc dén nay, dugc bi€t dudng nhu
chi va chi gidi dugc cdc bai todn dim trén gdi dan hodi cuc bd. Va do vy, Nim mo
men ciing tinh dugc cdc k&t cAu diAm trén trén nén bi€n dang dan hdi cuc bo. Piéu
do thatla ro rang.

Dua trén cic két qud da dat dudc, phuong phdp Nim md men gan ding sé phat
trién d€ tinh k&t cAu dAm trén nén ban khong gian dan hdi va ban khong gian dan

hoi bi€n dang tuyén tinh.
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