TINH TOAN CAU KIEN BE TONG COT CUNG
VI.1. TINH COT:

VI.1.1. Tinh todn cdu kién bé téng-thép lién hop chiu nén uén theo phuong
phdp chuyén déi tuong duong.

Hién nay trén thé gi6i da c6 mot s6 phuong phap thiét ké cau kién bé téng - thép
lién hop, tuy nhién ching con chua dudc kiém nghiém nhiéu qua thuc té va rat
phic tap. Vi thé&, trong pham vi dé an nay ta chi s dung mét phuong phap tuong
déi don gian dé xac dinh kha nang chiu luc cla tiét dién. Theo d6, ta sé tién hanh
thiét ké so bo tiét dién va tinh toan kha nang chiu luc cua tiét dién dé. Néu kha
nang chiu luc cla tiét dién thod man yéu cau thiét k&, gan véi gia tri ndi luc ma
cau kién phai chiu la dudc, néu chua thoa man, ta sé thiét ké lai, thay d8i cac kich
thudc tiét dién va kiém tra lai cho dén khi dat yéu cau.

* C4c gia thiét co ban:
1. Céac thanh phan trén tiét dién lam viéc nhu mot thé théng nhat trudc khi dat téi
trang thai giGi han.
2. Khi c4u kién chiu luc dat téi trang thai giéi han van xem rang tiét dién phang,
cho phép ap dung cac gié thiét co ban clia siic bén vat liéu.
3. Khi c&u kién chiu luc dat t6i trang thai gi6i han thi toan bo ti€t dién, ca phan
thép va bé téng déu cung dat gii han cudng dé tinh toan cla ching.
4. Trong c&u kién hén hop, luc dinh két gitta bé téng va thép chua bi khic phuc,
hay néi cach khac két cu sé bi pha hoai trudc khi thép va bé téng trugt Ién nhau.
Mot sé ki hiéu:

A,: dién tich tiét dién phan 16i thép.

A,: dién tich tiét dién phan c6t thép mém.

A dién tich tiét dién phan bé tong (da trir di phan thép I6i va phan cét
mém).

O: trong tdm cla tiét dién hoén hop.

O,, O,, O_: trong tam cla tiét dién 16i thép, phan cét thép mém va phan bé
téng.

r,: Khodng cach tir trong tam clia tiét dién hon hop téi thé trén cling.

r,, I, I.: Khodng céach tir trong tam tiét dién 16i thép, cot thép mém thr i va
bé tong téi thG trén cung.



Js, Ji, Jo: M6 men quan tinh cda tiét dién riéng phan 16i thép, phan cét mém
va phan bé tong déi vdi truc ban than cla ching.

E,, E,, E.: Médun bién dang dan hoi cla 16i thép, cot thép mém va bé tong.

Y., Y, Y. Khodng cach tir trong tam céac phan 16i thép, cot thép mém va bé
tong tGi trong tam toan tiét dién.
Khi d6, thanh hén hap c6 thé dudc tinh toan nhu mét thanh déng chat cé cac dac
trung nhu sau:

Jau=J +AY2+J +AY2+J +AYS2
E.(J, +AY2)+E (J, +AY?)+E (J, +A_Y?)

Ew =
Ju
_EA,+EA +EA,
Ag =
Ey
Véi:
Ys =r-r
Y. =r-r,
Yc =fre-Ty

Trong do, r, dudc tinh theo céng thic:
—_ EsAsrs + Z(EriArirri) +E A r

Cc c'c

lo
EsAs + Z (EriAri) + EcAc

* Tinh thanh hén hgp thép-bé téng chiu nén udn:

Cac thanh chiu nén thudng dat cac 16i thép dang chir I, chir H hoac cac dang thép
t6 hap khac déi xing véi truc trong tm cuia tiét dién. Ngoai ra trén tiét dién con co
cac cot thép mém va ciing dudc dat déi ximg. & trang thai gi6i han xem rang bé
tong, 16i thép cling va cot thép mém déu dat t6i gidi han cudng doé tinh toan cla
chuing. Nghia I1a (ing suét nén trong bé tong dat t6i giGi han R, (ing suat trong cot
thép chiu kéo dat t6i R,, trong cot thép chiu nén dat t6i R .

- Tinh thanh nén - udn theo diéu kién dé bén:

Xét thanh cd tiét dién 16i thép dat déi xiing dang chir H chiu luc tac dung déng thoi
cla luc nén N va mémen uén M. Gia thiét rang & trang thai gi6i han vé bén, (ing
suét trén tiét dién 16i thép bi chay hoan toan, (ing suét tai vung bé tdng chiu nén
dat t6i cudng do tinh toan cla nd va (ing suét trong cét thép tron cling dat giGi han
chay. Tai vung bé tdng chiu kéo xem nhu da nit va bd qua kha nang chiu kéo cua
bé tong tai vung dé.

Gia thiét tai trang thai chiu luc cua tiét dién vdi chiéu cao vung nén la y cé s do
{’ng suét nhu sau:



m‘: ! .
— _ R
/ ] R R.

R.
3 R.

\ar | b 118y

T

Theo hudng dan trong két qua dé tai NCKH “Nha cao tang trong thanh phd” [6],
xét diéu kién can bang cla tiét dién ta sé tinh dudc kha nang chiu luc clia thanh &
trang thai gigi han la:

[N] = R.by - 2Rst<'; )

M] =M + M, + M,
Trong do6:

M, = Rc.b.y.(d-%)

M, = M, - 2.Rst.M
2
M. =M, = RA/(d-d,)
M,, 1a mémen kha nang cla riéng 16i thép ddi véi truc ban than tuong (ng
clia no.
Thay céc gia tri trén vao phuong trinh va thuc hién bién déi tuong duong, ta dudc
hé phuong trinh:

NI = R.- 2R{(5 ) )

[M] = (R.b.d + 2.R.t.d)y - (chb +R )y + M, + M, - R..t.d?2 (**)

TU hé phuong trinh trén rat ra két luan, véi mét tiét dién xac dinh thi gia tri M, N
phu thudc vao tham sé y (chiéu cao ving nén). Bang cach cho céc gia tri y xac
dinh sé vé dudc dudng cong quan hé gitra M va N va thu dugc dudng cong nhu
trang bén:



Né&u chap nhan gia thiét ing suat déu dat tGi trang thai gidi han nhu trén thi dudng
cong trén chinh 1a dudng cong bén. VGi cac cip M, N bat ki nam trong vung gidi
han clda dudng cong ABC trén thi dudc xem la an toan (dd kha nang chiu luc).
Nhu vay, muén xac dinh kha nang chiu luc cla tiét dién, ta sé thay lién tiép cac

N
A
N> B(M2;N2)
N+ (Mmax;N 1)
0] C Mrmax M

gia tri y xac dinh vao hé phuong trinh (*) va (**) d& nhan duoc cac cap gia tri [M],
[N] va so sanh véi gia tri ndi luc ma thanh phai chiu.
T dudng cong trén rat ra tiét dién sé dat M,,,,, khi thod man:

oM

- = O
oN
T hé phuong trinh trén rut ra:
M _ (Rb + 2.R..t)(d - 1)
oy
N _ (Rb + 2.R,.1)
oy
N M _ (R;b+2R.t).(d-y) —d-y=0
oN R.b+2R_.t

Nhu vay, tiét dién sé dat M,,,, khi truc trung hoa tring véi truc trung tdm cla tiét
dién.
Khi doé:

2
Moy = R°'§"d + My + M,

Va luc doc tuong Ung la:

N, = R..b.d
Ngudc lai, Iuc doc sé dat N..., khi M = 0. Ltc d6 bai toan trd thanh thanh chiu nén
dung tam. Theo diéu kién dd bén, xem rang & trang thai gi6i han (ing suét clia
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phan bé téng, phan 16i thép va toan bd cét thép mém déu dat t6i giGi han tinh toan
thi c6 thé dé dang tim duoc N, theo cong thic:

N,.. = R.A, +R.A, +R.A
Tuy nhién, do thdy viéc cho rang (ing suét trén tiét dién déu c6 dang hinh chi
nhat la qua thién vé nguy hiém, tac gia da dua ra kién nghi khi xac dinh N,,., chi
ldy vGi 85% cudng do chiu nén tinh toan ctia bé tong:

R,=0,85.R,
=  N,..=R.A +085R A +R.A
TU hé phuong trinh va do thi nhan thdy dudng cong quan hé M - N 1a dudng
parabol, nén cé thé dé dang xac dinh dugdc diém B trén dé thi vai N, = 2N,.
Dua trén co sd cac gia thiét nay, ta sé tién hanh phan tich cu thé ting trudng hop
theo su phat trién dan cla ving nén va dua ra kién nghi vé dudng cong bén mét
cach chinh xac han, déng thai xay dung cong thic tinh kha nang chiu luc cla tiét
dién theo ca hai phuong vuéng géc. y
Gia s(r tiét dién can tinh dugc b6 tri nhu hinh vé: mk

Tiét dién c6 chiéu cao H, chiéu rong B.
L&i thép co chiéu cao h, chiéu rong b, chiéu day | ' =
canh T, chiéu day bung t dat déi xing trong tiét
dién.

| {

Cé6t thép mém dudc bé tri theo ca hai phuong,
khoang cach tur tim thép dén mép tiét dién la a. a, b 8

+ Tinh kha nang chiu luc clda cot theo phuong

truc X:

- Trudng hop 1: Ving nén nam gilta hai canh cla 16i thép:
H h

+ —

2 2
Ta c6 biéu dd (ing suat nhu sau:

(‘1: Y
N S

y <

R
3 R,

1a | b 118y
| B |

Xét diéu kién can bang:



[NI = Ny + N + Ny
[M], = M, + Mg, + M,
N = R.By

Nex = 2Rt(y - d)

N, =0

M., = R.By(d - %)

Msx = Msox - Rst(d - y)2
er = Mrox = RrAr(d - a)
[N]=(R.B + 2R t)y - R,tH

M] = (R.B + 2R,t)dy - (Rf + R + Mg, + My, - Rt

Céng thlc thu dugdc tuong tu nhu trong tai liéu huéng dan.

- Trudng hop 2: Mét phan canh 16i phia chiu kéo nam trong ving nén:

E+D_Tgygﬂ+h
2 2 2 2
Ta c6 biéu d6 (ng suat nhu hinh:
,\-1: Y
. R
N R. R.
o X / T - N>M
@ 2/¢% 7/j B i R
e —
B

Xét diéu kién can bang:

[N]X = NCX + NSX + NI’X
[M]X = MCX + MSX + MI’X
N = R.By
H h
Ny, = RA, - 2Rb(2 + - -
(2 5 y)
hy, 1a chiéu cao phan bung 16i thép: h, = h - 2T
Ny =0

M., = R.By(d - %)



H+h

H+h h o5 Y
My, = 2R.b )| g —
x D =905 > )
H+h  h—H
=R.b - -
D= -V +Y)
h? H
= Rb(—— (= - y)?
(5 -90)

er = Mrox = Rr'Ar(d - a)
= [N]=(RB +2R,b)y + RA, - R.b(H+h)

R.B

2 2
[M] = (RBd + RoH)y - (¢ H—=h

+ Rsb )y2 + Ivlrox - Rsb

H+h

Khi viing nén phat trién ra toan bo tiét dién 16i (y = ), toan bd 16i thép chiu

nén, mémen do phan 16i thép bang 0.
H+h

- Trudng hop 3: Vi <y<H-a:

N, = RA,
M, = 0
—  [N]=RBy+RA,
M] =RBy(d - 7) + M,
- Trudng hop 4: Khi viing nén phat trién vuot qua ca phan c6t thép mém: y > H -

a. Toan bd phan c6t thép chiu nén, mémen trong cét thép bang 0.
Biéu d6 (ing suét cla trudng hop nay nhu sau:

Y o

s R.

GL 04,8227, R
i’ r

— &

lal | b |la]

B |

Diéu kién can bang:
[N] = Nex + Ng, + N,
[M], = Mg, + Mg, + M,
VGi: N, =R.By



Nse = RAS

er = RrAr
_ y
Mcx - RcBy(d - *)
2
M, =0
M, =0

=  [N]=RBy +RA +RA,
[M] = RBy(d - 7)
* Tinh kha nang chiu luc cda cét theo phuang truc Y.
- Trudng hop 1:y < 2 - ;: vling nén chua qua phan bung cla tiét dién.

Biéu d6 (ing suét:

X

() o = %,
B N / >
J

R

Jan | h l\.ﬁ'
H |

Diéu kién can bang:
[N], = Ngy + Ny, + N,
M}, = Mg, + M, + M,
VéGi: N, = RHx

B B
N, =-4R.T(= -x) =4R.T(x - —
oy s(2 ) ST ( 2)
N, =0
B x
M., =RHx(= - =
o= R (2 2)
M, = M, - 4RST1(E - X)?
22
B

Mry = Mroy = RrAr(E - a)

= [N],=(RH +4R.T)x- 2R, TB

R.BH R.H

2
+ 2RTB)x - (= R, T8

2

[M]y = ( + 2RST)X2 + Msoy + Mroy -



- Trudng hop 2: 2 - ; <y< 2 + ;: M6t phan ban bung ndm trong viing nén.
Biéu d6 (ng suat:
X
R.
o s
B / / > Rc RS

;: Rr
Ja h |
T
Diéu kién can bang:
[N], = Ngy + Ny, + N,
M], = M, + My, + M,
V6i: N, = RHx
B
N, = 2Rh(x - E)
N, =0
B x
M,, = RHx(= - X
oy = ReHX( 55 )
1 B
M,, = Mg, - 2Rsh— (= - x)?
y 5 ( 5 )
My =M, = RrAr(S - a)
= [N], = (R;H + 2R;h)x - R;Bh
2
M, = RAS + RBr- (B Ry 4w, - RET

- Truong hop 3: 2 + ; <x< 2 + ;: vling nén vugt qua truc trung tdm cua tiét

dién.
Biéu d6 (ng suat:
Diéu kién can bang:
[N], = Ngy + Ny + Ny
[M], =M,, + My, + M
VGi: N, =RHx

ry



R

h Y

B+b i
2

Ng, = RA - 4R, T( X)

N,=0

B x
M., =RHx(= - =
cy cx(2 2)

B+b i b B+b

X)(E- +

M, = 4R, T( )

N | X

B b

b
=2RT(2 + = -x)(=-2 +
5(2 > ><)(2 X)

N A

: 2RST[4-<§ %)

I\/lry = Mroy = RrAr(z - a)

= [N],=(RH +4R.T)x + RA, - 2R, T(B+b)

R HB R.H

M], = ( * 2R TB)x - (=

Khi ving nén phat trién ra toan b tiét dién 16i (x = B+b

nén, mémen do phan 16i thép bang 0.
B+b

- Trudng hop 4: Véi <x<B-a:
Ns = RA;
M;,=0
= [N], = R:Hx + RA
B x
[M], = RcHX(E - E) + My,

+2RT)X + M, - R.T

R;

B? —b?

), toan bd 16i thép chiu

- Trudng hdp 5: Khi viing nén phat trién vuot qua ca phan cét thép mém: x > B - a.
Toan bd phan cét thép chiu nén, mémen trong cét thép bang 0.

Biéu d6 (ng suat:
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R
Rc Rs
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_%/r Z 7

o

PR

Diéu kién can bang:

[N]y = ch + Nsv + Nry
[M], =M, + Mg, + M

ry

Ncy=RcHx
N, = RA,
Nry=RrAr
B x
M. =R.Hx(= - =
cy c (2 2)
M, =0
M, =0
[N], = R.Hx + RA; + RA,
B x
M], = R.Hx(= - =
[M], = R, (2 2)

TU d6 ta c6 thé xac dinh dudc dudng cong bén cé dang nhu sau:

Nx

ARsAs+ReAc Rih)

1
A'RsAs+0.85RAc+RAY)

N1

B(M2;N2)

(Mmax;Nﬂ)

C Mrmax Mx

11



Ny

ARshstReAc+Rel)
A'ReAs+0.85RAHRAY)
N, B(M2;N2)
N1 (Mmax;N 1)
0 C Max

My

12



VI.1.2. Thiét ké tiét dién cét A2:

* B4 tri c6t thép cot A2 tang ngam 2:

Trudc hét ta thiét ké sa bo tiét dién nhu sau:

- Tiét dién cot: B =80 cm. cvt: = 1 p—
H =80 cm.

E=4Ocm. :
2 o X 1. , T

- Kich thuéc 16i: b =60 cm.
h =60 cm. ) 4
T=3cm. mt: e e ¢ 2 e

d

t=1,2cm. @ b . _a
h, = 54 cm.
E, =2,1.10° kG/cm?.
R, = 2250 kG/cm?,
- C6t mém: 16 ¢25

A, =4,91cm?

a=5cm.

E, = 2,1.10° kG/cm?.

R, = 2800 kG/cm?.

Dé don gian cho tinh toan va thién vé an toan, khi tinh toan uén theo cac phuong,
ta bd qua su lam viéc cla céac I6p c6t mém phia trong, coi nhu chi cé cét thép
mém |8p ngoai cling 1am viéc.

- Bé tbng mac 400:
E. = 3,3.10° kG/cm?.
R, = 170 kG/cm?.
Ta cé:
A, =54.1,2 + 2.3.60 = 424,8 cm?.
Jo, = 2.3.60.28,5% = 292410 cm®”.

3
Jy =2 3.60° _ 108000 cm*.
12
W, = Jo - 134560 _ 9747 cm?.
A 30
J
W, = 2 = 108000 _ 3600 ome.
X 30

S
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M., = W,,.R, = 9747.2250 = 21930750 kG.cm.

Mso, = W,,.R, = 3600.2250 = 8100000 kG.cm.

A, = 16.4,91 = 78,56 cm>.

o = Jy = 2.5.4,91.(40-5) = 60148 cm*.

Myox = M, = 2.5.4,91.2800.(40-5) = 4811800 kG.cm.
A.=B.H-A,-A =80-424,8 - 78,56 = 5896,64 cm>.

3 4

g =By g =89 202410 - 60148 = 3060776 cm*.
12 12
3 4

3= 2y 1y =8 108000 - 60148 = 3245186 cm*.
12 12

= AsHtA 1009 = MJOO% = 7,87% < 15%.

BH 80

DPé kiém tra kha nang chiu luc cla tiét dién, phuong phap théng thudng la dua
trén cong thic xac dinh [M], [N] tU hé phuong trinh (*) va (**), cho y cac gia tri xac
dinh, tinh cac gia tri cia M, N tuong Ung, tir d6 vé ra dudc dudng cong bén cla
tiét dién. Sau d6 dua cac gia tri ndi luc ma tiét dién dé phai chiu vao so sanh vdi
dudng cong bén. Néu diém c6 toa d& M, N d6 nam trong gi6i han bén cla tiét
dién thi coi nhu thoa man, tiét dién dd kha nang chiu luc.
Nhu vay, véi méi tiét dién ta phai xay dung dudng cong bén ctia né, sau d6 néu
khéng thod man thi ti€n hanh thiét ké lai tiét dién va 1ap lai dudng cong bén mot
|an nira d& so sanh cho dén khi dat yéu cau. Tuy nhién, viéc nay chi c6 thé thuc
hién khi thiét k€ mot vai cau kién don 1é, véi ca mot cong trinh thi phuong phap
nay sé dan dén mot khai lugng cong viéc réat I6n, viéc tinh todn sé mat rat nhiéu
cbng slc va thai gian.
Do d6 ta sé tinh toan bang céach tir cac coéng thic tinh [M], [N] & trén, cho [N] = N,
tr d6 tinh ra y,.,, thay vao coéng thiic dé tinh dudgc [M] tuong (g dem so sanh véi
M. Néu M" < [M],, thi ti€t dién d0 kha nang chiu luc.
Tuy nhién, do ta chua biét dudc chiéu cao viing nén dé chon cong thic tinh vy,
vi thé ta sé tinh chiéu cao vung nén theo céc cong thiic 4p dung cho céc trudng
hop, sau d6é chon két qua nao phu hop véi khoang gidi han ctia cong thiic tuong
(ing tdrc la chiéu cao vlng nén (ing vdi luc nén do.
Tu bang két qua néi luc trén, ta chon dudc 2 t6 hop nguy hiém nhét la:
+ T6 hop dac biét 1 gay ra tai tiét dién chan cot:

N, = 1279,744 T = 1279744 kG.

M,, = 9,958 Tm = 995800 kGcm.

M, =113,417 Tm = 11341700 kGcm.
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+ T6 hop dac biét 2 gay ra tai tiét dién chan cot:
N, =1745,024 T = 1745024 kG.
M,, = 154,513 Tm = 15451300 kGcm.
M,, = 1,792 Tm = 179200 kGcm.
- Kha nang chiu luc cda tiét dién:
N, = RA, +0,85RA, +RA,
= 2250.424,8 + 0,85.170.5896,64 + 2800.78,56
= 2027832 kG.

_ R_bd?

Mxmax - + Msox + Ivlrox

2
- 170.60.40° , 51930750 + 4811800 = 37622550 kGem.

2
I\/lymax = chh ++ Msoy + Mroy

2
- 170.60-40° ", 5400000 + 4811800 = 23791800 kGom.

- Kiém tra cho cap (N, M,;, M,,):

+ Nén uén theo phuong truc x:

Tinh chiéu cao vung nén theo cac cong thirc:
N+RtH _ 1279744 + 2250.1,2.80

Y1 = = =78,72 cm.
R.B+2R.t 170.80 + 2.2250.1,2

_N-R,A, +R,b(H +h)
v R.B+2R.b

_ 1279744 — 2250.424,8 + 2250.60.(80 + 60) = 67.79 cm.

170.80 + 2.2250.60
y = NoRA, 1279744 22504248 _ o)
R.B 170.80

_N-R,A, -R.A, 1279744 —2250.4248 — 2800.78,56 _

Y4 = = =7,65cm.
R.B 170.80
Ta thay y, = 67,79 cm la phu hop véi khoang gi6i han clia cong thic:

H;h 7=80460 5 _7<y=6779< PN 270 cm.

=y=Yy,=67,79cm

15



H? —h?
4

—  Mu=M,=(RBd +RbH)y - (REB+RSb)y2 + Moy - R

= (170.80.40+2250.60.80).67,79 - (1702-80

+ 2250.60).67,79% + 4811800

- 2250.60.M

= 27718039 kG.cm > M, = 995800 kG.cm

= Tiét dién da kha nang chiu luc.

+ Nén udn theo phuaong truc y:

Tinh chiéu cao vung nén theo cac cong thirc:

_ N+2R,TB _ 1279744 +2.2250.3.80
RH+4R. T 170.80 + 4.2250.3

_ N+R.Bh _ 1279744 + 2250.80.60
RH+2R.,h  170.80 +2.2250.60
_N-R,A, +2R,T(B +b)
RH+4RT
_ 1279744 - 2250.4248+2.2250.3.(80 +60) _ o, o
170.80 + 4.2250.3

N-R,A, _1279744 - 2250.424,8
R.H 170.80

N-R,A, ~R/A, _1279744 — 2250.424,8 — 2800.78,56
R.H 170.80
Ta thay x, = 54,53 cm la phu hop véi khoang gi6i han clia cong thic:
B+t _ 80+12 = 40,6 < x < B+b
2 2
= X = X3 = 54,53 cm.

= My, = M3 = (RCZBl_I + 2R, TB)x - (REH + 2R T)x* + M, - R, T

= 58,12 cm.

= 42,23 cm.

X4 = = 23,82 cm.

X5 = =7,65cm.

=70cm

B? —b?

170.80

= (170.80.40 + 2.2250.3.80).54,53 - ( + 2.2250.3).54,53? +

80% - 607
2
= 23555668 kG.cm > M, = 11341700 kG.cm

= Tiét dién da kha nang chiu luc.

4811800 - 2250.3.

- Kiém tra cho c&p (N, M,,, My):
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+ Nén udn theo phuang truc x:
Tinh chiéu cao vung nén theo cac cong thirc:
y = N+RAH 1745024 +2250.12.80
R.B+2R.t 170.80 +2.2250.1,2
N-R.A, +R_b(H+h)
R.B+2R.b

_ 1745024 —2250.424,8 +2250.60.(80 + 60) _ 69 43 cm

170.80 +2.2250.60

N-R.A, _ 1745024 —2250.424,8
R.B 170.80

_N-RA, -R/A, 1745024 —2250.424,8 — 2800.78,56
R.B 170.80
Ta thdy y, = 69,43 cm la dung vGi khoang giGi han cla cong thic:

H;rh - 80+60 3=67<y=6779< H+h

=y=Y,=69,43 cm

=103,21 cm.

\Z

= 58,03 cm.

Y3 =

=41,86 cm.

2

=70 cm.

H2 _h2

— Mgy =M, = (RBd + RbH)y - (R55+Rsb)y2 + My, - Rb

170.80

= (170.80.40+2250.60.80).69,43 - ( + 2250.60).69,43% + 4811800

2 2
- 2250.60.M

= 14408366 kG.cm < M,, = 15451307 kG.cm.
= Tiét dién khéng d0 kha nang chiu luc.
= Thiét k€ lai tiét dién.
Tang chiéu day ban bung 16i thép 1&n 1,6 cm.
Ta cé:
A, =54.1,2 + 2.3.60 = 446,4 cm?.
Jo = 2.3.60.28,5% = 292410 cm*.

3.60°

Jgy = 2. = 108000 cm*.

sy

W, = o

Ys

_ 134560

= 9747 cm®.
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Jy, _ 108000
X

S

sy

= 3600 cm®.

=

M., = W,,.R, = 9747.2250 = 21930750 kG.cm.

o, = Wy,.R, = 3600.2250 = 8100000 kG.cm.

A, = 16.4,91 = 78,56 cm>.

i = Jy = 2.5.4,91.(40-5) = 60148 cm.

Myox = My, = 2.5.4,91.2800.(40-5) = 4811800 kG.cm.

A, =B.H-A,-A =802-4464 - 78,56 = 5875,04 cm>.
BH? 80*

<

Jo= oy -J =22 292410 - 60148 = 3060776 cm®,
12 12
3 4
o= 21y ~u, =89 108000 - 60148 = 3245186 cm'*.
12 12
= At A 1009 = 448447856 4600, = g 20f < 159,
BH 80

- Kha nang chiu luc cda tiét dién:
N,.. = RA, +0,85.R A, + RA.,
= 2250.446,4 + 0,85.170.5875,04 + 2800.78,56
= 2073311 kG.

2
Mxmax = m
2

_ 170.60.40?
2

+ MSOX + MI’OX

+ 21930750 + 4811800 = 37622550 kGem.

2
Mymax = RC8Bh ++ I\/Isoy + I\/Iroy

2
- 170-620-40 + 8100000 + 4811800 = 23791800 kGcm.

- Kiém tra cho cap (N, M,;, M,,):
+ Nén udn theo phuang truc x:
Tinh chiéu cao vung nén theo cac cong thirc:
_ N+ R, tH _ 1279744 + 2250.1,6.80
R.B+2R.t 170.80 +2.2250.1,6
_N-R,A, +R,b(H+h)
R.B+2R.b
_ 1279744 —2250.446,4 + 2250.60.(80 + 60)
170.80 +2.2250.60

= 75,37 cm.

4

\Z

= 67,61 cm.
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_ N-RA, _ 1279744 —2250.446,4 _ 20.25 cm.

R.B 170.80

_ N-RA, -RA, _ 1279744 — 2250.446,4 — 2800.78,56
R.B 170.80

Ta thay y, = 67,61 cm la phu hop véi khoang gi6i han clia cong thic:

H;rh re 80;60 3=67<y=p761<HEh

=Yy=y,=67,61cm.

Ys

=4,07 cm.

Y4

=70 cm.

2 B2
= Mm=sz=(Rch+RSbH)y-(R2°B+RSb)y2+me-Rst h

+ 2250.60).67,61% + 4811800

= (170.80.40+2250.60.80).67,61 - (17(;-80

2 2
- 2250_60_M

= 29064246 kG.cm > M, = 995800 kG.cm
= Tiét dién da kha nang chiu luc.
+ Nén uén theo phuong truc y:
Tinh chiéu cao vung nén theo cac cong thirc:
N+2R.TB _ 1745024 +2.2250.3.80

X4 = = 58,12 cm.
R.H+4R. T 170.80 +4.2250.3
_ N+R,Bh _ 1745024 +2250.80.60 _
X, = = =42,59 cm.
RH+2R.h  170.80+2.2250.60
- N-R,A, +2R,T(B+b)
’ RH+4R.T
_ 1745024 —2250.424,8 + 2.2250.3.(80 + 60) _ 53,33 cm.
170.80 +4.2250.3
X, = N-R.A, =1745024 —2250.424 8 = 20.25 cm.
R.H 170.80
_N-R,A, -R,A, 1745024 —2250.424,8 - 2800.78,56 _
Xs = £ s = =4,07 cm.
R.H 170.80
Ta thay x; = 53,33 cm la phu hdp véi khoang gidi han clia cong thic:
B;t _ 80;1,6 = 40,8 < x < B+b_ 70 cm

= X =X; = 53,33 cm.
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R.H B? —b?

RBH | or.TB)x - ( 5+ RTNC + Mo RT

= Mytu’ = I\/|y3 = (

170.80

= (170.80.40 + 2.2250.3.80).53,33 - ( + 2.2250.3).53,33 +

4811800 - 2250.3.M
= 24232769 kG.cm > M, = 11341700 kG.cm
= Tiét dién da kha nang chiu luc.
- Kiém tra cho c&p (N, M,,, My):
+ Nén udn theo phuang truc x:
Tinh chiéu cao vung nén theo cac cong thirc:
_ N+ R, tH _ 1745024 +2250.1,2.80
R.B+2R.t 170.80 +2.2250.1,2
N-R.A, +R_b(H+h)
R.B+2R.b

_ 1745024 —2250.424,8 + 2250.60.(80+ 60) _ 69.25 cm

170.80 +2.2250.60
N-R,A, _ 1745024 —2250.4248
R.B 170.80

_N-R,A, ~R A, _1745024 - 2250.424,8 - 2800.78,56
R.B 170.80

Ta thay y, = 69,25 cm la phu hop véi khoang gi6i han clia cong thic:
B;rb e 80;60 3=67<y=6779< BFD

=>y=Yy,=69,25cm.

=97,74 cm.

A

Y2 =

A = 54,46 cm.

= 38,28 cm.

Ya

=70cm

2 B2
= Mm=sz=(Rch+RSbH)y-(RgB+RSb)y2+MmX-RSbH h

170.80 , 2250.60).69,25° + 4811800

= (170.80.40+2250.60.80).69,25 - (

2 2
- 2250.60.u

= 15834307 kG.cm > M,, = 15451300 kG.cm.
= Tiét dién da kha nang chiu luc.
+ Nén uén theo phuong truc y:
Tinh chiéu cao vung nén theo cac cong thirc:
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_ N+2RTB _ 1745024 +2.2250.3.80
RH+4R. T 170.80 +4.2250.3

_ N+R,Bh _ 1745024 +2250.80.60
RH+2R,h  170.80+2.2250.60
_N-R,A, +2R,T(B +b)
RH+4R.T
1745024 —2250.424,8 + 2.2250.3.(80 + 60)

= =64,79 cm.
170.80+4.2250.3

_ N-R,A, _1745024 —2250.424,8
R.H 170.80

N-R.A, -R,A, _1745024 —2250.424,8 - 2800.78,56
R.H 170.80

B+t= 80;1.6 =40,8<y<BZb

= 69,58 cm.

=44 23 cm.

= 54,46 cm.

Xg = = 38,28 cm.

Ta thdy x, = 64,79 cm thod mén =70 cm

= X =X; = 64,79 cm

2 2
= M,y = Mg = (RCBH + 2R TB)x - (REH +2RT)x*+M,_, -R.T B”-b

170.80

= (170.80.40 + 2.2250.3.80).64,79 - ( + 2.2250.3).64,79° +

4811800 - 2250.3.M
= 15362836 kG.cm > M, = 179200 kG.cm
= Tiét dién da kha nang chiu luc theo diéu kién bén.
* Kiém tra diéu kién 6n dinh:
Kh& nang chiu luc cla thanh theo diéu kién &n dinh dudc tinh toan theo céng
thic:
N< RA,+ (Rby+RA)
Trong do:
y: chiéu cao vung nén.
A': dién tich phan cét thép mém ndm trong ving nén.
: hé s6 ké dén anh hudng cta uén doc, phu thudc d6 manh cla cot, xac
dinh theo tiéu chuén thiét k& két cau bé téng cot thép TCVN 5574-1991.
. hé s6 ké dén &n dinh t6ng thé cla thanh nén léch tdm, xac dinh theo
tiéu chuan thiét k& két cau thép TCVN 5575-1991.

Cac dac trung cla tiét dién tuong duong:
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Jya = Jo + oy + J, = 3413333 cm®,
Jpa = Jdgy + Joy + J,, = 3413333 cm®,
ng+ng+Egm

thd

_ 2141 0°.292410 + 3,3.10°.3060776 +2,1.10°.60148

Extd =

3413333
= 512820 kG/cm?.

E.J,, +E.J,, +EJ,

E =
v Jytd
_ 2141 0°.108000 + 3,3.10°.3245186 + 2,1.10°.60148
3413333
= 417194 kG/cm?.
_EA,+E A, +EA,
Axtd -
Extd
_ 21 .10°.446,4 + 3,3.10°.5875,04 + 2,1.10°.78,56
512820
= 5930,30 cm>.
_ EA,+EA,+EA,
Aytd -
Eytd
_ 21 .10°.446,4 + 3,3.10°.5875,04 + 2,1.10°.78,56
417194
= 7289,61 cm>.
. Jpa _ \/3413333 - 23.99 om.
A, 5930,30
/ _ (3413333 = 21.64 cm.
A 7289,61
W, = Jog - 3413333 85333 cm® = W4
d 40
Pxta = W = 85333 =14,39 cm.
A, 59303
W
Pyta = M= 85333 =11,71 cm.
A, 728961

Chiéu cao tinh toan ctia cét:
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l,=0,7.h=0,72,4=168 m= 168 cm.

Xtd:'i: 168 =7<20> X=1_
. 2399
= o= 108 76<20= =1
e 2164
s =y | Re =7, [2290 464
E., 512820

r}ltd = xym Rs = 7,76 2250 — 0,541
E 417194

+ Kiém tra véi cap M,, N;:

@ Theo phuong truc x:

€, = My _ 99580 _ 0,778 cm.
N, 1279744

m,, = ey _ 0778 _ 0,05.
Pua 14,39

A, _ 2603 =417,

A, 5416

Tra bang 73 TCVN 5575-1991 ta dudc:

«=19-0,1m-0,02.(6 - m)A =1,839
= my= ,My=1839.0,05=0,1.
Tra bang 74 TCVN 5575-1991 theo A, va m', ta dugc:
Ot = 0,97

= [N]=0,97.2250.446,6 + 1(170.80.67,61 + 2800.5.4,91) = 1962559 kG.

= [N]> N, =1279744 kG.
@ Theo phuong truc y:
_ M, _ 11341700

€y = = 8,862 cm.
N, 1279744
e

m,, = 2 = 8862 _ 0,76.
Ppa 1171

A, _ 54.16 - 0,24.

A, 2603

Tra bang 73 TCVN 5575-1991 ta dugc:
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1 =0,75+0,05m + 0,01.(5 - m)A = 0,810
= my,= ,m,=0,810.0,76 = 0,61.
Tra bang 74 TCVN 5575-1991 theo A,, va m’, ta dugc:
Py = 0,815
=  [N]=0,815.2250.446,6 + 1(170.80.53,33+2800.5.4,91)= 1612663 kG.
=  [N] >N, = 1279744 kG.

+ Kiém tra véi cap M,, N,
@ Theo phuong truc x:
_ M, _ 15451307

€ = = 8,854 cm.
N, 1745024

m,, = eixz = % =0,62.
P 1439

A, _ 2.60.3 =417,

A, 54.1,6

Tra bang 73 TCVN 5575-1991 ta dudc:

©=19-0,1m-0,02.(6 -m)A = 1,789
= my= ,m,=1789.0,62=1,10.

Tra bang 74 TCVN 5575-1991 theo A, va m',, ta dugc:

Pz = 0,703
= [N]=10,703.2250.446,6 + 1(170.80.69,25 + 2800.5.4,91) = 1716697 kG.
= [N]<N, = 1745024 kG.
= C6t khéng du kha nang chiu luc = tang kich thudc tiét dién.
Diéu kién bén da thoa man, ta chi kiém tra lai theo diéu kién 6n dinh.
Chont=2cm.

A, = 468 cm?.

Jo, = 292410 cm®.

Jsy = 108000 cm®.

A, = 78,56 cm?.

Jo = J,, = 60148 cm”.

A, = 5853,44 cm?.

J,, = 3060776 cm*.

Joy = 3245186 cm®,
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Jaa = dya = 3413333 cm”.

5 .10°.292410 + 3,3.10°.3060776 +2,1.10°.60148
xta 3413333

= 512820 kG/cm?.

_ 2141 0°.108000 +3,3.10°.3245186 +2,1.10°.60148
3413333

Eytd

= 417194 kG/cm?.

A= 21.10°.468 + 3,3.10°.5853,44 +2,1.10°.78,56
xtd —

512820
= 6004,85 cm>.
A = 21.10°.468 +33.10°.585344 +21.10°.78,56
v 417194
= 7381,25 cm?.

Meg = 73413333 = 23,84 cm.
6004,85

Mg = 3413333 = 21,50 cm.
738125

Wye = Wy = W = 85333 cm®.

_ 85333
Pra = 6004 85
_ 85333
Pva = 738125
=188 oae<20= =1,
2384

=108 _c812<20= =1

215 Y

=7,046. | 2250 0,467.
512820

Ay = 7,812. 2250
v 417194

+ Kiém tra véi cap M,, N;:
@ Theo phuong truc x:

=14,21 cm

=11,56 cm.

xtd

=0,517.



_ 1279744 —2250.468 +2250.60.(80 + 60)

nén = Y2 = = 67,44 cm.
Yrén = Y2 170.80 + 2.2250.60
€ = My _ 99980 _ 0,778 cm.
N, 1279744
m, =2 = 0778 _ 455
o 1421
A, _ 2603 .0
A, 542

Tra bang 73 TCVN 5575-1991 ta dudc:

=19-0,1m-0,02.(6 - m)A = 1,839

= m,, = ,my,=1,839.0,055=0,10.
Tra bang 74 TCVN 5575-1991 theo A, va m', ta dugc:
P = 0,97

= [N] =0,97.2250.468 + 1(170.80.67,44 + 2800.5.4,91) = 2007370 kG.

= [N]> N, =1279744 kG.

@ Theo phuong truc y:

_ N-R,A, +2RT(B +Db)

RH+4R. T

_ 1279744 —2250.468 +2.2250.3.(80 + 60)

170.80 +4.2250.3

Xnén = X3

=52,14 cm.

M

oy = - 11341700 _ g 060 om,
N, 1279744

my = —2 = 8862 _ 0,767
P 1156

A, _ 542 _

A, 2603

Tra bang 73 TCVN 5575-1991 ta dudc:
1 =0,75+0,05m + 0,01.(5 - m)A = 0,810
= m,= ,m,=0810.0,767 = 0,62.
Tra bang 74 TCVN 5575-1991 theo A, va m’, ta dugc:
Py1 = 0,815

=  [N]=0,815.2250.468 + 1(170.80.52,14+2800.5.4,91)= 1635992 kG.
—  [N]>N, = 1279744 kG.




+ Kiém tra véi cap M,, N,
@ Theo phuong truc x:
N-R.A, +Rb(H+h)
R.B+2R,b
_ 1745024 —2250.468 +2250.60.(80 + 60)
170.80 +2.2250.60

M,, _ 15451307

ynén = y2 =

€ = = 8,854 cm.
N, 1745024

m, =S =885 _ 455
o 1421

A, _ 2603 ;..

A, 542

Tra bang 73 TCVN 5575-1991 ta dudc:

2=19-01m-0,02.(6 -m)A = 1,787

=  my,= ,M,=1787.0623=1,11.

Tra bang 74 TCVN 5575-1991 theo &, va m’,, ta dudc:
Pt = 0,703

= 69,08 cm.

= [N]=0,703.2250.468 + 1(170.80.69,08 + 2800.5.4,91) = 1748532 kG.

= [N] > N, = 1745024 kG.
@ Theo phuong truc y:
_ N-R,A, +2RT(B +Db)
RH+4R. T
_ 1745024 —2250.468 +2.2250.3.(80 + 60)
170.80 + 4.2250.3
_ M, 179200

Xnén = X3

= 63,60 cm.

€y = = = 0,103 cm.
N, 1745024

my2 = _¥2 - 0’103 = 0,01
Py 1156

A, _ 542 _ o

A, 2603

Tra bang 73 TCVN 5575-1991 ta dudc:
,2=0,75+0,05m + 0,01.(5 - m)% = 0,776,
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= my,= ,m,=0,776.0,01 =0,0069.
Tra bang 74 TCVN 5575-1991 theo A,, va m’y, ta dugdc:
P2 = 0,993

= [N] = 0,993.2250.468 + 1(170.80.63,60 + 2800.5.4,91) = 1979283 kG.

=  [N]> N, = 1745024 kG.
= COt d khéa nang chiu luc.

5

— Chon tiét dién cot: . - : - 1 1)

e = ;:: e e ‘9
B =80cm | -
H=80cm . .
b=60cm o
e /- o| O
h=60cm @
T=3cm . w2 .
T=2cm 9 |
. a A j,; . o
Cét mém 16425, a = 5 cm. ® . i N i
o 5
10 | 60 |10
80
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D& tinh toan san bé téng - thép lién hop, ta st dung cac gia thiét tinh toan cla
T.S. Arda va C. Yorgun [11]:

- Biéu d6 (ing suat c6 dang hinh chir nhat.

- B4 qua su lam viéc cla bé tong vung kéo. (ng sudt kéo chi do ban thép va cot
thép chiu.

Céat mot dai ban réng 1 m vudng goc véi dam. Ban san dudc tinh toan tai 2 vi tri,
tai giCta nhip c6 M,,,,, Vva tai g6i cé M.

* Xét vi tri gilra nhip, thé duGi chiu kéo, thé trén chiu nén. C6 2 trudng hop xay ra:
truc trung hoa di qua phan thép ban va truc trung hoa di qua phan bé tong. - -
Trudng hop 1: AR, < bd R, = truc trung hoa di qua phan ban bé tong.

Khi @6, biéu d6 (ing suat nhu trong hinh vé:

. N N S B

Vi tri truc trung tdm tiét dién dudc xac dinh tir phuong trinh:
D=2y + 2+ 2,
Trong do6:
D.: luc nén trong bé tong.
Z..: luc kéo trong canh dudi clia ban thép.
Z.,: luc kéo trong canh trén ctia ban thép.
Z.5: luc kéo trong phan bung cla ban thép.

Véi:

D, = byR,

Z,, =n.b t.R

Za2 = n2-b2-t.RS

_ d
Zys=(n+ny)t—"— R
sina

Trong do6:

R.: cudng do thép ban.
R.: cudng do6 chiu nén cla bé tong.
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b: chiéu rong cla ban.

t: chiéu day tam thép.

n,: sO séng thép trén.

n,: sO séng thép dudi.

b,, b,: chiéu réng séng thép trén va séng thép dudi.
Thay vao ta c6 phuaong trinh:

byR, = n,.b,.t.R; + n,.b,.t.R + (n, + n2).t._d—a R

sina
= Riby = (b * b, + (n + )R
sina
d, Rt

=(nb, + n,b, + (n, + n 2
= y = (n4b, b, + (N, 2)sina)RCb

Kha nang chiu luc cla tiét dién dugc tinh theo cong thic:

d
[M] = Dc-%-'- Za1'(h - y) + Za2'(do - y) + Za3'(do -yt ?a)
Diéu kién kiém tra:
M < [M]

- Trudng hop 2: AR, < bd,R, = truc trung hoa di qua phan séng thép.
Khi d6, biéu d6 (ing suat nhu trong hinh vé:

]

A N =

Vi tri truc trung tadm tiét dién dudc xac dinh ti phuong trinh:
De+ Doy + D=2 + 2,
Trong do:
D.: luc nén trong bé téng.
D,.: luc nén trong canh trén cda ban thép.
D.,: luc nén trong phan bung cla ban thép.
Z..: luc kéo trong canh dudi clia ban thép.
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Z.»: luc kéo trong phan bung cla ban thép.

Véi:
D, = bd,R,
D., = nyb,.t.R,
D,=2n,t% Y R
Sina
Z.,=n.b,tR,

Z,=2nt-—2— R,
Sino

Thay vao ta c6 phuaong trinh:

bR, + nyb,tR, +2m,t 32 =Y R =n b tR +2n.t-Y R,
sSino Sina
2NN R by = Robd, + (nyb, - nyby + 20,2 )R
sina Sina
N , _ ((n;b, -n;b,)sina +2n,d, )Rt + R bd, sina
Y 2(n, +n,)R.t
y=h-y

Khé nang chiu luc cla tiét dién dudc tinh theo cong thiic:

M= Do 2+ D (h-y) + Do S Y+ 2y 42,0
Diéu kién kiém tra:

M < [M]
* Xét tiét dién trén gbi, thé dudi chiu nén, thé trén chiu kéo.
Dé tang kha nang chiu mémen am cla ban, tai g6i cé tidng cudng thém cét thép
tron. Trong trudng hdp nay, ngoai cac gia thiét trén, ta st dung thém mot gia thiét
nira trong tinh toan:
+ Tinh t6i sy 1am viéc chiu nén cla toan bd bé tdng ndm trong ving séng thép vaéi
moi vi tri cla truc trung hoa.
- Trudng hop 1: RA, < R/, = truc trung hoa di qua phan séng thép.
Biéu dd (ing suét nhu trong hinh:

L I T A —EF=
LA R ol Vs = =
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Vi tri truc trung tadm tiét dién dudc xac dinh tir phuong trinh:

Da1 + Da2 + Dc = Za1 + Za2 + Zr

Trong do6:

D.: luc nén trong bé téng.

D.,: luc nén trong canh dudi clia ban thép.
D,,: luc nén trong phan bung cla ban thép.
Z.,: luc kéo trong canh trén ctia ban thép.
Z.»: luc kéo trong phan bung cla ban thép.
Z.: luc kéo trong cét thép cla ban.

Véi:
D. = BbyR.
D, = n,.b, tR,
D,=2n.t R,
Sino
Z =RA,
Z.. = n,b,tR,
z, =2t Y g
Sina
Trong do:

R,: cudng dd thép ban.

R.: cudng do cot thép tron chiu kéo.

R.: cudng dé chiu nén clia bé tong.

A,: dién tich thép.

A,: dién tich cét thép tron chiu kéo.

b: chiéu rong cGa ban, b =1 m = 100 cm.
t: chiéu day tam thép.

n,: s6 song thép trong vung chiu nén.

n,: sO séng thép trong vung chiu kéo.

b,, b,: chiéu réng séng thép dudi va sdng thép trén.

b, +b
boﬁ:%

b,: buéc séng thép.
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b.: khoadng cach gilra hai song thép trén.

Thay vao ta c6 phuong trinh:

=

BbyR. + n,.b, tR.+2n.t Y R.=RA +n,b, tR+2n,t =Y
Sina Sino

20 MRS, BbR )y = (nyb, - nyb, + 2029
SInNo SN

((n,b, —n,b,)sina +2n,d, )Rt +R A, sina
2(n, +n,)R t+BbR_ sina

Rt + RA,

Khé nang chiu luc cla tiét dién dudc tinh theo cong thiic:

d _
[M] = DC%+ D...y + Dy g +Z(Ny-y) + Zyy (da-y) + 22y

Diéu kién kiém tra:

M < [M]

- Trudng hop 2: RA, > RA, = truc trung hoa di qua phan ban bé téng.
Biéu dd (ing suét nhu trong hinh:

e ® L ] —_

Vi tri truc trung tadm tiét dién dudc xac dinh ti phuong trinh:

Da1 + Da2 + DaS + Dc1 + DcZ = Zr

Trong do6:

D.,: luc nén trong bé téng nam trong phan séng thép.
D.,: luc nén trong bé tdng ndm ngoai phan séng thép.
D,:: luc nén trong canh dudi clia ban thép.

D,,: luc nén trong canh trén cda ban thép.

D,,: luc nén trong phan bung cla ban thép.

Z,: luc kéo trong c6t thép clia ban.

Dc1 = BbyRc

R,
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DcZ = b(y - da)Rc
D, = n..b,.t.R,
D, = n,.b,t.R,

Das = (ng + nyp).t. fja R
sina

Z.=RA
Thay vao ta c6 phuong trinh:

BbyRc + b(y - da)Rc + r11b1tRs + anZtRs + (n1 + n2)t S.dna Rs = RrAr

ina
= Rby=(nb, +nb,+ MM p g
sina
N _ ((n,b; +n,b,)sina +(n, +n,)d, )Rt +R A, sina + R bd,(1-B)sina
bR, sina

Khé nang chiu luc cla tiét dién dudc tinh theo cong thiic:

-d d
[M] = Dc1%+ DcZy 2 &+ Da1'y + Da2'(y - da) + DaS(y '78) + Zr(ho - y)

Diéu kién kiém tra:
M < [M]
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