Céng ty Héa Chat Xay Dwng Phuwong Nam

K&t cdu nha nhiéu ting

i CHUpNGS X .
TiNH TOAN KET CAU NHA NHIEU TANG

l. Cac khai niém chung

2.1 Gia thiét tinh toan

Tinh toan ké&t cdu nha nhiéu tang la viéc xac dinh trang thai Gng suét —bién dang
trong tiing hé két cau, tiing bd phan két cdu cho dén tiing cau kién chiu luc dudi tac
doéng clia moi loai tai trong tac dung 1én cong trinh. O day chd yéu xét dén phan Ung
clia hé két cdu thadng diing (khung, vach 16i) dudi tac dung clia céc loai tai trong ngang;

H&au nhu trong céc loai nha cao dén 30 tang déu két hgp sl dung clia ba hé két
cdu khung, véach, 18i chiu lyc. Viéc lua chon va gia thiét so dé tinh khéng nhiing phai
phl hgp véi thuc t€ bd tri, cdu tao cha cac cdu kién chiu luc ma con phai thda man diéu
kién vé su cung lam viéc clia cac hé két cdu —vén khac nhau vé hinh dang, kich thudc
hinh hoc, do ciing. Moi gia thiét thudng chi phu hgp véi ting mé hinh tinh toan va
khéng c6 gia thiét chung cho moi sd do tinh toan. Gia thi€t nao phan anh dugc mai
quan hé truyén lyc gilia cac hé véi nhau théng qua cac giai phap thiét k&, cdu tao sé
dudgc xem la phu hgp va cho két qua dang tin cay. Thudng dung céac gia thiét sau:

Q So dé tinh toan mét chiéu: cong trinh dugc mod hinh héa dudi dang mot
thanh console thang ding. Do cling clia né dudc xac dinh tu diéu kién
chdng uén, trugt va xoén cla céng trinh. Gia thiét nay tuong déi don gian
nhung khéng phan anh ding thuc té€ chiu luc cla ca hé. Gia thiét nay thuan
tién cho cho viéc xac dinh cac dac trung dong hoc cla cdng trinh.

Q  So dé tinh todn hai chiéu: cong trinh dugc mé hinh hoa didi dang mot két
cdu phéng véi ngoai lyc ndm trong mat phang dé. Theo gia thiét nay, méi hé
két cdu chi ti€p thu mot phan tai trong ngang théng qua cac thanh gidng co
lién k&t khép hai dau. Cac thanh gidng ngang nay chinh la mé hinh cla hé
két cdu dam san. SG db nay dudgc dung réng rai nhat vi tuéng déi don gian
lai xét d&n tac dong tuong hd gilia cac cau kién thang dung.

Q  So db tinh todan 3 chiéu: céng trinh xem nhu mot hé (thanh, vach) khong
gian, chiu tac dong cla hé luc khéng gian.
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Shear walls

Rigid frames
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"NUA KHUNG TRUC ~ NUA KHUNG VACH
1.2& 7.8 TRUC 3,48 5,6

2.2 Cac phuong phap tinh toan

Trén co s8 cac sd dob tinh toan, chung ta c¢6 thé chon lya nhiéu pp khac nhau
trong CHKC va trong toan hoc dé xac dinh ndi luc va chuyén vi trong hé va trong tiing
cau kién chiu lyc;

Céac phuong phép trong CHKC nhu: PP luc, chuyén vi, PP lyc —chuyén vi van
dudc st dung cé hiéu qua cho tling trudng hop cu thé. Cac PP vi phan, bién phan dé
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giai cdc hé phuong trinh bac cao con dudc s dung dé gidi cac s dé gidng, khung

giang.

Trong s6 cac PP tinh todn nha nhiéu tang hién nay, PP. PTHH dugc s dung
rong rai hon ca vi hau hét cac phan mém tinh toan déu sl dung PP nay.

2.3 Cac budéc tinh toan

Q

O 0000 Do

Chon sd db tinh toéan;

Xac dinh céc loai tai trong;

Xac dinh cac dac trung hinh hoc va do cling két cau;
Phan phéi tai trong ngang vao cac hé két cau chiu luc;
Xac dinh noi luc, chuyén vi trong tiing c&u kién;

Kiém tra diéu kién bén, chuyén vi va cac dac trung dong;

Kiém tra 6n dinh cuc bd, téng thé cong trinh.

Il. Tinh toan hé chiju luc theo s dé phing

2.1 Hé khung —vach

Trong nha nhiéu tang, hé chiu luc khung vach thudng dugc bé tri song song véi nhau
theo moét hay hai phuong trén méat béng nén cé thé dung so dé khung gidng dé tinh
toan cho toan hé

Tuy theo c4u tao cla vach cling, c6 thé cé cac so do sau:

Khung —vach dac (h. a)
Khung —véach dac va vach lién khung (h. b)

Khung —véach c6 16 clia (h. c)

r
|
|

X 1 & 3 X XU
|

Trudce khi tinh toan ca hé, ta xem xét sy lam viéc doc lap clia hé khung nhiéu tang
nhiéu nhip dugi tac dung cla tai trong ngang
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a/  Chuyén vi ngang cta khung nha nhiéu tang

Khi tinh to4an chuyén vi ngang cla cla khung nha nhiéu tdng duéi tac dung cla
tai trong ngang c6 thé xem mot cach gan dung réng géc xoay cla cac nut trén cung
moét mot xa ngang la b&ng nhau. Nhu vay, cé thé don gian héa so dé tinh chuyén vi cla
khung nhu sau:

I
= S S Y T 3
T s & £ 3
Py Y Py by
Py Y Py by
Py Y Py by
rk ——
T s % % 2
2
T s & £ 3
Py Y Py by
S
S ' S
ai !az__'|=as ‘ |p ‘
b [ |

Goi s; la téng do cling don vi cla céac cot tAng thi |; r, —t6ng dd cling don vi clia cac xa
ngang cla tang tha i; I, —gid tri trung binh cac nhip cla xa ngang; l; —chiéu cao tang thu
| va n —s0 tang cla khung.

Trong sa dé trén, chuyén vi ngang do P = 1 dugc tinh:

1
o =E[Sl+r1]; (5. 1)
8—is+r+i' (5.2)
ot ar | '
Iy
Oy = Oy = Oy jq == Oy = By +£8—.krkl (5.3)
Trong do,
k |_2
Sy :ZS—'
L (5.4)
2 2
- g lixl) 5.5)
4., +0.33s, 4., +0.33s,;
2
Va szRk_l+M;k=3,4,5... (5. 6)
4r .,

Trong céc cong thiic trén, s6 hang s biéu thi Anh hudng dd cling clia co6t dén chuyén
vi clia khung; con r, biéu thi &nh hudng dd cling clia xa ngang
Chuyén vi ngang ciia khung & tang thi k do tai trong ngang dat & tat ca cac tang:

y=98,,.P, +6,,P,+..+3,,.P, (5.7)
Khi s6 tdng n > 6, c6 thé tinh chuyén vi ngang theo cdéng thic sau:
Kk
y= ZQ. Cp
i=1 ; 1< k (5 8)
Gidng vién: Th.S Lé Piic Hién Trang 33/43

http://vietham12h.com



Céng ty Héa Chat Xay Dwng Phuwong Nam

K&t cdu nha nhiéu ting

Trong do, Q.=>P ., ixk (5.9)
i=k

c; —dd léch cla tang do lyc dan vi tac dung theo phudng ngang
d6i v6i khung nha nhiéu tang, c6 két cdu déu dan véi do cing don vi s va r gidbng nhau
& tat ca cac tang co thé dugc xac dinh:

2 [1 1}
C=—X|—+=
12 [s (5. 10)

. > . A A ia Ac
Goi A la do cung chdng trugt cua khung (tdc lyc gay nén goc léch ¢ :T =1),

A=l
Ta co: c (5. 11)
Suy ra A= 12 ; (5. 12)
Khi s6 tdng n > 6, c6 thé tinh chuyén vi ngang cla khung dugc biéu dién bang phuang
trinh vi phan sau:
. AM
By"Y —Aviy —B—O—p(x):O (5. 13)
0
Trong d6, B= ZBJ- -téng do cling chéng udn cla cot;

Bo —d6 cting chéng uén cla khung khi chi k& dé&n hai cot bién.

(5. 14)

Fxb?

Trudng hgp khung déi xiing, F, =F, =F, tacé: B, =E,. 5

B
vi=1+—
0, (5. 15)
Mo —md-men ngoai luc & dd cao x;

bat o=Byva m= ‘/% , ta ¢6 phuadng trinh:
hY

2 IV .ovi-l 2
m’.o" —o —V—Z.MO -m?p(x)=0 (5. 16)
Nghiém ctia phuong trinh (3.20) cé dang:
o=C,+C,.me+C,.cho+C,shp+C,
Vi
Ci —céc hang s6 tich phan;
Co —nghiém riéng, phu thudéc vao dang tai trong;

X
¢ =—, toa do khong thu nguyén.
m

Gidng vién: Th.S Lé Piic Hién Trang 34/43
http://vietham12h.com



Céng ty Héa Chat Xay Dwng Phuwong Nam

K&t cdu nha nhiéu ting

—  DG6i v6i nhitng khung théng thudng, cé thé bd qua s6 hang thi nhat cla

(3.17) va v¥ =1, vi Biz 0. Khi do, (3.17) cé dang:
0

Ay’ +AM, +p(x)=0 (5.17)

0

—  Céc diéu kién bién,
+ y(0)=0; va Ay'(0)=0Q,(0)
+ Khi ti trong phan bd déu, p(x) = p, suy ra:
M, = -0.5p(H - x)’

Giai phuang trinh vi phan (3.23), véi cac diéu kién bién & trén, ta dugc chuyén vi ngang
clia khung nhu sau:

2 4
pH ( 268 ) 8B, (ZQ ~&° %j (5. 18)
O day,
Q:% -topa d6 khéng thu nguyén; (5. 19)
H —chiéu cao tinh toan cla ngdi nha,
H=H,x— (5. 20)
n-05

Ho —khodng cach ti mat trén clla mong dén truc clia xa ngang trén clng;
—  Taidinh khung, & =1, chuyén vi ngang:

2 4 2 xZ
_PHT PHT _pHTI, M (5.21)
2A 8B, 2A| 4

Véi, A, -ddc trung do cling cla khung, c6 xét dén anh hudng cla lyc doc trong cét,
A, =H A (5.22)
BO
K&t qua nghién ctiu cho thdy, khi A, <0.7, c¢6 thé bd qua anh hudng cla
luc doc trong cOt va trong tinh toan lay, vi=1
Vi du tinh toan

2.2 Hé khung -vach (dac)

Xét trudng hop hé vach dac giang vai khung theo sG dé khung giang. Tu gia thiét
san c6 do cling vo cung trong méat phang, khung va vach cé cung chuyén vi ngang,
nén do cling clia hé dudc viét nhu sau:

B=)B,;+B, (5.23)
V6i Y B, t8ng do cling cot khung; B, -téng do cting ctia vach cing;
Khi téng dd cuing cot khung qué nhd so véi téng do cing vach c6 thé xem B =B, , nhu
vay hé co6 dudng cong uén tuan theo phuong trinh:

2
2 v vl 2
m’.e" -o —V—Z.MO -m?p(x)=0 (5.24)
Va Ioi giai c6 dang:
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o=C,+C,. mo+C,cho+C,sheo+C,
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Figure 27: Interaction of shear wall - frame structure and behavior of components.

Piéu kién bién:
// chuyén vi tai chan ngam

+ ®(0)=0.
+ (0)=0; //géc xoay
+ —"(0)=Q,(0); /e cat
+ o'(A)=0 //mé-men tai dinh
D& tim 16i giai rieng C,, xét trudng hop tai trong ngang phan bé déu theo chiéu cao
p(x) = p, ta c6 mdé-men udn va lyc cét:
M, =-0.5pH?*(1-&)* va Q, = pH(-&)’ (5.25)
Suy ra:
4 2 444 2 2 3 4
Coz_p's (Zp +p'S }\' (\; 1)X E-’__&__FF’_
2.V 2.V 2 3 12
TU céc diéu kién bién, ta xac dinh dudc cac hang sé tich phan, C;. Thay vao biéu thic
xac dinh o, ta dudc:
p.54 (p2 K4(v2 _1 {;2 5_33 {;4
®=—-| Ap——+y.cho—ysho—y+ R e 5.26
o2 | T raehe —xshe =y + = > "3 12 (5. 26)
- Tai dinh cla hé, o =1 va & =1, d6 vong tai dinh hé:
4 2(.,,2
f=PH 1—2("2 o, ¥ -y (5. 27)
2v°L\°B A 4
Khi xac dinh noi luc trong hé, ta st dung quan hé:
dx =sde =Hdg va As=H
Mo-men uén trong vach:
Trang 36/43
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2
M, = = PH [ (L-e)(v? -1)- ; (1—x.ch(p+7».sh(p)} (5. 28)
v?

—  Luc cét trong trong véach:

Q, —m=PH {(1 £\v? —1)+ Ch(p—xsh(p} (5. 29)
—  Luc cat trong c6t khung'

Q,=Q,-Q="7 [(1 £)- ch<p+%sh<p} (5. 30)
- Luc doc trong cac cot bién cla khung xac dinh ti phudng trinh can bang

mo-men:
My-M
e prz[ (L-e) + ( —x.ch(p—k.sh(p)} (5. 31)

M&-men udn, luc cat clia hé dugc cat clia hé du’c_ic phan phaoi, vao cac vach ty 1& véi do
cling cla chung
Bi€u d6 noéi luc va chuyén vi clia hé dudgc thé hién nhu hinh sau:

Points of
contraflexure \

(]

Horizontal deflection 0 Bending moment Shear force

{a) (b) (e)

Figure 5.28: Deflection. bending moment and shear in the wall-frame structure.

2.3 Tinh toan hé khung —vach lién khung

Lo Le 797y Lo Z{_ L | L |2
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-  Pay la dang két cdu c6 sG dé hdn hgp vi trong cung mét truc viia ¢6 vach cling va
vua c6 khung
Dai vGi cac vach lién khung, ta chi can xdc dinh téng dé cling cla hé cho tung truong
hgp cu thé réi tién hanh tinh todn tuong tu nhu hé vach ddc
T8ng dd cling clia hé trong trudng hdp chung dudgc xac dinh:
B=B, +B,,, hodac BB, (5.32)

V6i By —téng dd cling cta vach lién khung. D6 cling uén ctia vach lién khung
bao gém dd cling clia vach va phan khung. D& xac dinh dé cting udn cla phan khung
thudc vach ta phai xét dén cac bién dang dan héi clia cac nut lién két gilia vach va
dam. Do cling nay goi la do cling trugt, xac dinh theo cong thuc:

A = 3id(1+no)[id(l+no)+ 6ic(1+ 2110)]
b (i, +3i.)

(5. 33)

Trong do,

ig —dd cling tuong ddi cha dam khung lién vach (dd ciing trén 1m dai clia dam
khung trong 1 tang);

i —d0 cling tuong doi clia cot khung lién vach;

Z
1, :I_o (5. 34)
d

L —chiéu cao tang
Trudng hgp khung lién vach hai phia do cing A tang 1&én gép doi. Néu khung & gilia
hai vach dé cuing trugt cling dugc nhan déi nhung gia tri i; nhan 0.5.
Do cling clia hé khung véach c6 véch lién khung bang téng dé cling cac khung va véach
lién khung:
12

A= +A 5.35
m vk (5. 35)
Trong khung nha nhiéu tang c6 A, <0.7, lyc doc trong cét it &nh hudng dén két cau.
Trudng hgp nay lay vZ =1, ndi luc va chuyén vi hé khung van dudc xac dinh nhu két
cau khung vach dac
Téng luc cat clia hé dugc phan phdi vao cot khung (Qkhung) va cho véach cting hén hgp
(Q.) ty 18 vai do cling trugt clia ching:
(A_Av ) 5 Av

Q khung =Q>{—A : },va Quc =Q>{—Ak} (5. 36)

M&-men tai dau mut cha xa ngang lién vach phu thudc vao Qq va xac dinh nhu sau:

_3id(1+no)[6+(%ﬂx&

M, = - (5.37)
)
va tai truc cot:
M :MX& (5. 38)

)

M&-men uén cla cdt khung lién vach 18y bang mot nlia mé-men dau mut xa ngang lién
ké.
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2.4 Tinh toan néi luc ddi véi nha c6 so dé vach cling va 16 cla

Trong thuyc t& thudng hay gap cac vach cung c6 16 clia. Trong trudng hgp nay cac
cot tudng thudng c6 mé-men quan tinh I16n hon nhiéu cac lanh t6. Tuy thudc vao ty 1é
kich thudc céc 16 clra ma nhiing vach cling c6 mét day 16 clia thudng c6 ba kiéu bién
dang dac trung dudc thé hién nhu hinh 6.25
V& mat toan hoc, c6 thé phan biét ba kiéu bién dang trén théng qua hé sé lién khéi a
(6.89):

Viéc tinh toan phan phdi tai trong ngang cho cac vach cling khac nhau trong trudng
hop nay dudc thuc hién nhu vach cling dac nhung thay mé-men quan tinh I; bang mé-
men quan tinh tuong duadng lig;.
Trong hé vach cling c6 16 clia: cot sé 1a cac vach cling thanh phan, cé s >>r
D6 cling chéng trugt clia hé khung:

12 12 12r

A = ~ = — 5. 39
G ) M) ©-39)
VGi r =téng do cling lanh clia trong pham vi 1 tAng
N&u chi cé mét dai lanh t6 cla:
By xyg
a2k 5.40
It a.k ( )
2
L,.h? h
Vi B, =E, x it j 104 | vy =25 (5. 41)
12 0 a,

Sau khicé Asuyra o, y, M, N, Q.

Vidu

Ly

18.0m

Ly=9.0m
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Khung két hgp véi tudng cling
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KHUNG KET HQP VOI TUONG CUNG
(Tudng - diafrdc)

Tic dong qua lai cia khung cing va tudng cing sé dugc xem
x6t trong khudn khé clia cdc vi du sau diy. D& xdc dinh phéin tai
trong ngang dugc ti€p nhan boi mbi hé két cfu chiu lyc cdn phai
nghién ciu sg d8 lam viée riéng eda ching (Hinh IV.17).

Vi dy VI.Y

Nha khung 15 téing (xem vi du VI.5) dugc gia cudng bing 2
tudng bétdng cét thép cda 16i cing (hinh VI.54). Cuting do béténg
c6t thép f'_ = 281,6 KGjcm?Z, moddun dan héi E = 2,53 x 10°
KG/cm?. X4ac dinh phin tram tai trong gio dugc Li€p nhén bdi mébi
hé cia k&t cdu chiu lyc.

Gia thiét rAng tai trong gid chl do khung cing tiép nhan. Xac
dinh t4i trong lén mot khung W = 7,62.54,9.0,098 = 40,8 T.

Dé vong 16n nhit cia dinh khung cing theo vi du VI.6 bing

Af = 17,83em.

Do dd, dd ciing clia khung d8i v6i ubn
k-iﬁﬁ—228ﬂ (Hinh IIL.T)
(= A T 17,3 T ©=° Tem R LT

Bay gitt néu cho ring tai trong gid chi do tudng béténg cbt thép
ti€p nhan thl tai trong cho mdt tudng la :
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. .0,0
W = 54,9 38;2 0,008 - 1019 T
Ta cho rAng tudng lam viéc theo so dé cOng xOn {(hinh VI.17,b)
va dang dd khéng thay d8i trong qud trinh bi&n dang. Khi d6 dd

vong lén nhit

3 1000, (54,9. 100)°
n.=ﬂ5—= 101,9.1000. (54,9. 100) - 145 cm.
s 8EI §.2,53. 10 [30,48.610°/12)

Do cing chju uén cha tudng :
101,9
P 103 504 Trem

!

| 527,67 38,1

Hinh VI 54
Céc thong s6 vé d§ cing cia khung va tuting cing 14 khong d6i
do tAi trong va chuyén vi duge coi 12 ty 1¢ bac nh4t va khong phu
thudc vio gid trj thye cua tai trong déi vai khung va tudng.
Téng do cing clia nha voi 2 tudng cing va 4 khung :
Tk, + Ok, = 27,04 + 4.2,28 = 14,08 + 9,12 = 23,2 T/em.
Do vy, ty 1& phdn tram tai trong duge tiép bdi tudng cing khi

san cung tuyét déi la :
14,08 100 = 60,62%

2k,
Tk + Tk 100 = 5355

;rlﬁmchl .39,38% tai trong gid do 4 khung ti€p nhan. Ndi chung, do
] hg cua tudng cing lén hon d9 cdng cda khung rat nhiéu va nhu
nh todn duge thyc hién d4 ching minh rdng tuding chiu phén rat

16n tai trong ngang.
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