Chuong 4: Cdu kién chiu uén (tinh toan theo cuong do)
Chuwong 4: CAU KIEN CHIU UON (TINH TOAN THEO CUONG DQ)

Mouc tiéu va ndi dung co bén ciia chwong 4 trinh bay cdc vin dé sau:

Pic diém cau tao vé tiét dién va cot thép cta cdu kién chiu udn (ban va dam), tir 46
cung cép cac kién thirc co ban vé ciu tao ctia cdu kién chju udn.

Céc trang thai ung suét trén tiét dién théng gbc cua dam (dai di¢n cho cAu kién chiu
ubn) tir d6 hiéu dugc cac truong hop pha hoai (pha hoai gion, pha hoai déo) ctia dam.

Tinh toan dugc cu kién chiu udn c6 tiét dién chir nhat va chit T theo cuong do trén
tiét dién thang goc theo trang thai giéi han 1 (bao gdém tinh toan cdt thép doc chiu luc,
cot dai va cbt xién). Qua cac bai toan van dung va cac vi du ap dung gitp nang cao kha
nang tinh toan va trinh ty cac budc tinh toan, thiét ké cho ngudi hoc. Cac phéan tinh
toan duoc trinh bay theo TCXDVN356-2005.

CAu kién chiu udn rat hay gip trong thuc té: ban, san, dam, mat cau thang, lanh to,
6 vang...thanh phan noi lyc xuat hién cha yéu 1a M va Q.

4.1. PAC PIEM CAU TAO
4.1.1. Céu tao ciia ban
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H.4.1 So d6 bo tri cot thép trong ban
a. Mat bé“mg b. Mt cét
1. Cét chiuluc 2. cbt phan bd
Ban 1a két cau phang c6 chiéu day kha bé so véi chiéu dai va chiéu rong. Kich

thudc mat bang cua ban thuong 2+6m, chiéu day 6 - 20 cm. Bétong ciia ban thudng c6
cép do bén chju nén khoang tir B12,5 dén B25.

C6t thép trong ban gdm cdt chiu luc va cbt phan b nhom CI, CIL.

DPuodng kinh cét chiu luc 6 + $12 (¢ < hs/10) xac dinh theo tinh toan, khodng
cach gitra 2 thanh khong vuot qua:

20 cm khi chiéu day ban h < 15cm
1,5h khi chiéu day ban h > 15 cm

Dé dé d6 bétong khoang cach cac cot thép khong duge nhé hon 7 cm.

Cot phan bd duge dat vudng gbe ¢t chiu luc, ¢6 tac dung gilr vi tri ¢t chiu luc
khi d6 bé tong, phan phdi anh hudng cua luc tip trung, chiu tng suit do co ngoét va
nhiét d6 gay ra. Puong kinh c6t phan bd thuong ¢4 + ¢8. S6 lugng khong it hon 10%
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Chuong 4: Cdu kién chiu uén (tinh toan theo cuong do)
sb luong ¢t chiu luc tinh tai tiét dién c6 M udn 16n nhit. Khoang cach thuong tir 25 -
30 cm va khong 16n qua 35 cm.

C6t chiu luc va cbt phan bd duge bude hodc han véi nhau thanh ludi.

4.1.2. Cau tao cia dam
Dam la cau kién ma chiéu cao va chiéu rong cua ti€t di€n ngang kha nhé so voi
chiéu dai cua né. Tiét dién c6 thé chir nhat, I, T, hop ... thuong gip nhat 1a tiét dién chix

nhat va chir T.

H 4.2- Cac dang tiét dién dam
Tiét dién hop 1y 1a tiét dién co ti s6: h/b = 2 + 4, chiéu cao h = (1/8 + 1/20) nhip

dam.

Khi chon kich thudc b va h can phai xem xét dén yéu cau kién trac va viée dinh
hinh hoa van khuén.

Cot thép trong dam gém: C6t doc chiu luc, cbt doc céu tao, cot dai va cdt xién.
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H 4.3- Céc loai c6t thép trong dam.
a) Cot dai hai nhanh; b) C6t dai mot nhanh; ¢) Cot dai bén nhanh
1- ¢ot doc chiu luc; 2-cot cau tao; 3-cot xién; 4-cot dai.
+ C6t doc chiu lyc dat & vung kéo cua dam, do6i khi cling c6 doc chiu lyc dat ¢
vung nén, $10 + ¢30. thuong dung CII doi khi CIIT
Khi b > 15 cm cén it nhat 2 ¢bt doc
Khi b < 15 ¢cm ¢6 thé dit 1 cbt doc
+ Cot doc cdu tao dé giit vi tri cot dai, chiu Gmg sudt do co ngét va nhiét do,
thuong dung ¢10 - ¢14 dung CI hodc CII
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Chuong 4: Cdu kién chiu uén (tinh toan theo cuong do)
+ Khi ddm cao h > 70 cm can dat thép phu vao mat bén cua tiét dién dim dé 6n
dinh cét thép luc thi cong va chiu cac ung suat do co ngot, nhiét do.
Téng tiét dién cdt doc ciu tao khoang 0,1% - 0,2% tiét dién suon dam.
+ C6t xién va cdt dai dung dé chiu lyc cit Q, cdt dai gin ving bé tong chiu nén
v6i ving bé tong chiu kéo dé bao dam cho tiét dién chiu dugc M.
Goc udn cia cbt xién duge quy dinh nhu sau:
Néu h > 800 thi a = 60°.
Néu 250 <h < 800 thi o0 = 45°
Néu h <250 thi a0 = 30°
C6t dai thuong dung ¢ 6 + $10.

4.2. SU LAM VIEC CUA DAM

Thi nghiém mot ddm don gian chiu tai trong ting dan, ta thay khi tai trong nho,
dam con nguyén ven, chua c6 khe niit. Khi tai trong dui 16n sé thay xuat hién nhing
khe niit thang gbc véi truc ddm noi c6 momen 16n va khe nat nghiéng & khu vuc gan
géi tua 1a chd ¢6 luc cit 16n.

Khi tai trong kha 16n thi dAm c6 thé bi phé hoai tai tiét dién c6 khe nirt thang goc
hoic tai tiét dién c6 khe niit nghiéng.

c L AL SUEN >
v e 2
Khe niit thing goc Khe nut nghiéng

H 4.4- Cac dang khe mit trong dim don gian

Viéc tinh toan dam theo cuong do chinh l1a bao dam cho dam khong bi pha hoai
trén tiét dién thang goc (tinh toan cudng d6 trén tiét dién thang goc), va khong bi pha
hoai trén tiét dién nghiéng (tinh toan cudng do trén tiét dién nghiéng).

TRANG THAI UNG SUAT BIEN DANG CUA TIET DIEN THANG GOC
Theo di su phat trién ng suét - bién dang trén tiét dién thang goc ta c6 thé chia
thanh céc giai doan sau:
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Giai doan I I Cb< Rb la  cw<Rb

Khi M bé (tai trong nho), c6 thé xem
nhu vat liéu lam viéc dan hdi, quan hé US-
BD la duong thing, so dd tng suat phap c6

dang tam gidc. Khi M ting lén bién dang
déo trong BT phat trién. So dd US phap c6
dang duong cong. Khi sip stra nit, US kéo
trong BT dat dén gid1 han cuong dé chiu

kéo Ru. Ta goi trang thdi US-BD nay la
trang thai la.

Mudn cho dam khéng bi nut thi US
phéap trén tiét dién khong duoc vuot qua

trang thai Ia
Giai doan II-

Khi M ting 1én mién bé téng chiu kéo
thl ) Ro th2 )

bi nut, khe nit phat trién dan 1én phia trén,
\ /4 ba
hau nhu toan b0 luc kéo 1a do cot thép chiu. L ? M X.L §

M,
Néu luong thép chiu kéo khong nhidu {;— e (-; ------ .

1am thi khi M ting 1én, tng suét trong CT c6 Rs ‘

thé dat dén giéi han chay Rs. Ta goi trang
thai nay 1a trang thai Ila.
H 4.5 -Cac giai doan cia trang thai
urng suat-bien dang trén tiet dién thang goc

Giai doan III : Giai doan pha hoai

Khi M tiép tuc ting 1én, khe nit tiép tuc ting 1én phia trén, ving BT chiu nén thu
hep lai, US trong ving BT nén ting 1én trong khi U'S trong CT khong ting (vi cdt thép
da chay) khi U'S phap trong ving BT nén dat dén gi6i han cudong do chiu nén Ry thi
dam bi pha hoai. Su pha hoai khi US trong CT dat dén gii han chay va U'S trong BT
dat dén Ry goi 13 sy pha hoai déo. Trudng hop pha hoai nay goi 1a trudng hop pha hoai
thtr nhat, da tan dung dugc kha nang chiu lyc ciaa BT va CT.

Néu CT vung kéo qua nhiéu, US trong CT chua dat dén gigi han chay ma BT
viing nén di bi pha hoai thi ddm ciing bi pha hoai. Khi d6 khong xay ra trang thai ITa.
Day la su phé hoai don, CT chua chay déo, truong hgp nay goi 1a truong hop pha hoai
thr hai. Truong hop nay can tranh vi khong tan dung hét kha nang chiu lyc cua CT va
cling nguy hiém vi dim bi ph4 hoai khi bién dang con nhé nén kho dé phong.

Néu cét thép vung kéo qud it, thi dam ciing bi pha hoai don do thép bi dut dot
ngdt ngay sau khi khe ntt xuat hién.

4.3. TINH TOAN CAU KIEN CHIU UON CO TIET DIEN CHU NHAT THEO
CUONG PO TREN TIET DIEN THANG GOC
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Hai truong hop dit ¢t thép:

- Trudng hop ¢t don, khi chi c6 ¢t thép As (theo tinh toan) dit trong ving chiu
keéo.

- Trudng hop cdt kép, khi co ca cdt thép As dit trong ving kéo va A’s trong ving
nen.

4.3.1. Truwong hop dit cdt don
a. So' dd wng suit
Ta lay truong hop pha hoai thtr nhét (pha hoai déo) 1am co s dé tinh toan. Cot
thép chiu kéo dat dén cuong do chiu kéo tinh toan Rs, bétong vung nén dat cuong do
chiu nén tinh toan Ry. Vung bétong chiu kéo khong tinh cho chiu lyc vi da bi nat.
So db mg suat:
R,

M gh

< e e e

b

Hinh 4.6. So' d0 trng suit cia tiét dién ¢ cot don

b. Cac cong thirc co ban
Ta c6 cac phwong trinh c4n bang:
- Tong hinh chiéu cac lyc 1én phuong truc dam ta duoc:
R,bx =R A, 4.1)
- Toéng momen cia cac luc ddi véi truc di qua trong tim As va vudng goc véi mit
phang uén ta dugc:

M, = R,bx(h, —g) (4.2)

Piéu kién dam bao cho tiét dién khong vuot qué trang thai gidi han vé cuong do
nhu sau:
M <M,

Tir (4.2) ta c6: M < R bx(h, —g) (4.3)

Tu (4.2) va (4.3) ta co:
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M < R.A (h, —g) (4.33)

Céc cong thirc (4.1) va (4.3) 1a cac cong thirc co ban dé tinh cau kién chiu udn cé
tiét dién chir nhat dat cdt don.
Trong cac cong thuc trén:
M: momen udn 16n nhat ma ciu kién phai chiu, do tai trong tinh toan giy nén.
Rb, Rs: Cuong do chiu nén tinh toan ctia bétong va cuong do chiu kéo tinh toan
cta cbt thép.
x: chiéu cao ving bétong chiu nén.
b: bé rong cua tiét dién
ho: chiéu cao 1am viéc cua tiét dién, ho=h —a
h: chiéu cao cua tiét dién
a: khoang cach tir mép chiu kéo cua tiét dién dén trong tim cua cot thép chiu
kéo
As: dién tich tiét dién ngang cua cdt thép chiu kéo
c. Piéu kién han ché
Pé dam bao xay ra pha hoai déo thi cot thép As phai khong dugce qua nhiéu, tic 1a
phai han ché As va twong tng véi n6 1 han ché chiéu cao ving nén x (tir cong thirc
4.1).
Céc nghién ctru thuc nghiém cho biét truong hop pha hoai déo s& xay ra khi:

X X
b= <G =te— (4.4)
o o 1+ S (1_a)j
O 11
Trong do:

- dic trung tinh chat bién dang ctia viing bé tong chiu nén
®=a—0,008R, (4.5)
a =0,85 d6i voi bétong nang, a s& cb gia tri khac d6i voi bé tong nhe va bétong
hat nhé.
Oy, - Ung sudt gidi han cta cbt thép trong ving bé tong chiu nén (khi bé tong
dat tGi bién dang cuc han):
+o,,=500 MPa ddi voi tai trong thuong xuyén, tai trong tam thoi dai han
va ngin han.
+o,,=400 MPa ddi voi tai trong tac dung ngén han va tai trong dac biét.
Thay (4.4) vao (4.1) taco :

R,b.X &, R,bh,
= <
A= R

= A e (4.6)

S S

A

Goi = —= : ham lugng CT, thi ham lugng cot thép cuc dai cua tiét dién s& 1a :
bh,
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_SrRy
/umax_ R

S
* Néu cot thép qua it thi s& xay ra sy pha hoai dot ngdt ngay sau khi bé tong bi nut.
Pé tranh diéu d6 can phai dam bao x> u_. .

4.7)

Gia tri u,,, dugc x4c dinh tir diéu kién kha ning chiu M ctia dim bé tong cot thép
khéng nho hon kha nang chiu M ciia dam bé tong khong c6 cbt thép. Thuong u, . =
0,05%.

d. Van dung
X
Pat £=>
at & h
Tur (4.1) =>R.A, = &R,bh, (4.8)
Tu (4.3) =>M <R,bh?£(1-0.5¢) = o, R,bh? (4.9)
Tur (4.8) va (4.9) =>M <R Ah (1-0.5&)=R A ch, (4.10)

Trong do6: a, =£@1-0.58); £ =@0-0.5¢)
Diéu kién han ché c¢ thé viét thanh:

a, <o, =£(1-0.55,) (4.11)
Trong thiét ké ta thuong gip cac bai toan sau:

* Bai todn thiét ké 1 (Bai todn tinh cét thép)
Biét M, b, h, cép d6 bén chiu nén cua bé tong va nhém cdt thép. Yéu cau tinh cbt
thép As.
Cin cr vao cap do bén cuia bétong va nhom thép, tra bang ra Ry, Rs, Eay g
Tinhho=h-a
Gia thiét a = 1,5 - 2 cm d6i voi ban; a =3 - 6 cm d6i v6i dam
Bai toan c6 hai an s6 x va As nén co thé giai tryc tiép tir 2 cong thirc (4.1) va (4.3).

Hodc tir (4.9) =M (4.12)
R, bh,
+Néu a, < a, (tIc & < &) tir o, tra bang ta dugc ¢
=> Dién tich cét thép yéu clu A= (4.13)
Rsé,ho

A

Kiém tra ham luong cdt thép 'usz phai bao dam x> y,,,
0

Ham luong cdt thép hop li:
1 =0,3% -0,9 % dbi voi ban
1=0,6%-1,5% dbi véi dam
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+ Néu «a,, > ag thi phai ting kich thudc tiét dién hodc ting cdp do bén cia bé tong
dé bao dam diéu kién han ché o < a, . Cling co thé dit cot thép vao viing nén dé giam

a,, (ta c6 truong hop dat cot thép kép).

Vi du 4.1: Biét bé tong c6 cip do bén B15, thép nhom CII, bxh = (20x40)cm,
M=7tm. Yéu cau thiét ké ¢t thép don (tinh As)?

Loi gidi

- Budc 1: tir cp d6 bén cua bé tong B15 va nhom thép CII tra bang phu luc ta c6
Rv=8,5Mpa; Rs=280Mpa; £r=0,65; ar=0,439

- Budc 2: gia thiét a= 3cm = ho= h-a= 40-3= 37cm.

- Budce 3: tinh ¢, = M == 10 ~=0,3<a,

R,bh?  85x200x370
Céu kién xay ra pha hoai déo
- Budc 4: véi a,, =0,3 tra bang ta c6 £ = 0,816

M 7x10’
R.Ch, ~ 280x0,816x370
- Bué6c 5: kiém tra ham luong cdt thép

8,28

u="2 100% =328 10006 =1,120%
b.h, 20%37

A = =828mm? =8, 28cm?

fh =0,05%; 11 = gR.%.loO% =0, GSX%xlOO% =1,97%

Ham luong cdt thép théa man u,, < u<p,.,

- Bué6c 6: chon va b tri cbt thép
Vi As= 8,28cm? chon 2¢20+¢16 (As = 8,29cm?)
B6 tri thép:

400

2220
@

T
@®16

e

200
- Bué6c 7: tinh a =20 + 10 = 30mm (dGng v6i gia tri da gia thiét), bai toan két thuc.

* BAi toan thiét ké 2 (Bdi todn tinh b,h va As)
Biét M, cap do bén cua bé tong va nhom thép. Yéu cau tinh b, h, As . Bai toan hai
phuong trinh (4.1) va (4.3) v6i 4 an b, h, As, &
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Do dé:
- Gia thiét b can ¢t vao kinh nghiém, yéu cau cau tao, kién trac.
- Gia thiét & = 0,1 + 0,25 d6i véi ban, £= 0,3 + 0,4 dbi voi dam

Co & => ¢,
1 M
T (4.9) tacod: hy=—e | —
u(4.9)taco 0 \/Z R.b
(4.14)

Chiéu cao tiét dién h = ho + a. Néu thay h bat hop 1y thi gia thiét lai b va & tinh lai
Sau khi chon duoc h, tinh As giéng nhu bai toan trudc

Vi du 4.2: Chon bxh va thiét ké As cho mot dam bé tong cdt thép voi cac s6 liéu
sau: bé tong co6 cap do bén B30, thép nhom CIV, M = 60tm.

Loi gidi

- Budc 1: tir cAp d6 bén ciia bé tong B30 va nhoém thép CIV tra bang phu luc ta c6
Rb=17Mpa; Rs= 510Mpa.

Xéc dinh &, = @ = 0,714 = 0,493

LR (@) [, 510(, 0714
o 1,1 400 11

S.cu

Véi @ = 0,85-0,008x 17= 0,714
= a, = gR.( —%Rj = 0,493.(1—w)

- Buée 2: gia thiét a= 6cm; b=25cm; £= 0,3
- Bude 3: tr € = 0,3 tra bang am= 0,255

7
h= |—M___ [ 000 eegim = h=h, +a=686+60=746mm
a,R,b \0,255.17.250

Chon h = 750mm = 75cm.

=0,371

N _ 75 _3 thoa man didu kién [2+4]
b~ 25
7
“Bubc 4: tinh o, = - 0040 4597 4

R, bh  17x250x 690
- Budce 5: voi1 a, =0,297 tra bang ta c6 £ = 0,82

M 60x10
R.C.h,  560x0,82x690
- Bué6c 6: kiém tra ham luong cdt thép

U= i.lOO% _ 2071
b.h, 25% 69

=2079mm? = 20, 79cm?

A =

x100% =1,21%
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f =0,05%; 11 = §R.%.100% =0,493x %AOO% =1,643%

Ham luong cot thép théa man u, <u<u. .,
- Bué6c 7: chon va b tri cbt thép

Vi As= 20,79cm? chon 3¢25+2¢20 (As = 21,01cm?)

BG tri thép:
(@]
w
[\
5, 202
w
® e %
m]: e e o
4l
3025
@
250
_ Kiém tra: a=>49093 ;i 35'3'142'8’5 _5,17cm, so v6i gid tri da gid thiét c6 sai

léch nhung thién vé an toan do vay co thé két thiic bai toan.

* Bai toan kiem tra cwong do :

Biét b, h, As, cap d6 bén ctia bé tong va nhom thép. Yéu cau tinh kha ning chiu luc
(Mgh trong cong thirc 4.2)

Bai toan véi 2 an s6 Mgn va x, c6 thé dung (4.1) va (4.2) dé giai truc tiép.
Hodc:

R A
Tir (4.8) => S La
it (4.8) SR

+Néu £<&,=> a,
Kha nang chiu lyc:
M, = a,R,bh7 M, = ¢R,A,
+Néu & > &, tiic CT qua nhiéu, BT viing nén bi pha hoai truéc. Kha nang chiu luc
Mgh dugc tinh theo cudng do cia BT ving nén, tic ldy : o, =a, , (E=&;)

M, = agRybhg
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Vi du 4.3: Kiém tra kha nang chiu lyc cho mdt dam bé tong cot thép voi cac s6 liéu
sau: bé tong c6 cdp do bén B20, thép nhom CIII, M= 42tm, bxh= 25x60cm,
As=3$25+2¢22.
Loi giai
- Budc 1: tra s6 liéu Ry=11,5Mpa, Rs=365Mpa, £g=0,59, 0r=0,416.
- Buéc 2: b6 tri thép va tinh a

[a)
N
1) 2022
)
SLERE
< ® o o
—
30925 4
@
250
o 349093,75+23,801.86 .\
3.4,909+2.3,801
ho =h_a:6o_5,774:54,266cm
- Bude 3: tinh §
poRA 3652089 0

"~ Rbh, 11,5.250.542,66
a, = g.( —gj = o,489.(1—ﬂ289) =0,369

M, = a,.R,bhy =0,369x11,5x 250x 542, 66" = 312406338Nmm = 31, 24tm
- Budc 4: so sanh va két luan

M>M, : ciu kién khong du kha nang chiu luc.

4.3.2. Trudng hop dit cot thép kép
Néu o, = %>QR . tirc didu kién han ché (4.4) khong duoc dam bao thi ¢6 thé
b™""0
dit cbt thép As” vao vung bé tong chiu nén. Tuy vay khong nén dit qua nhiéu As' vi
khong tiét kiém. Chi nén dat cbt thép kép trong cac trudng hop sau :
- Can han ché tiét dién cdu kién.
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- Khi biéu dé M déi ddu (dam lién tuc, nit khung)
- Khi ¢, <05

Néu a,= >0,5 thi nén ting kich thudc tiét dién hodc ting cip do bén bé

2
n 0

tong dé cho < 0,5 rdi méi tinh cbt thép kép.

a. So’ d0 rng suit
Ung suét trong cot thép As dat cuong do chiu kéo tinh toan Rs, trong cdt thép chiu
nén dat cuong do chiu nén tinh toan Rsc. Ung suét bé tong vung nén dat cuong do chiu
nén tinh todn Ry. So d6 tng suit trong ving bé tong nén xem c6 dang hinh chit nhat.
Cuong do chiu nén tinh toan Rsc léy theo phu luc.
) A's
®, Rb
-~

RSC.A’S
X — 7 <
Mgh —
o & < I <
%

/\ RsAs

b

H4.7- So' d6 trng suit caa tiét dién cé cot kép.

b. Thiét 1ap cong thirc

R.A =R.bx+R_A, (4.15)
X 1 1

M, = RbX(N, =) + R A, (- @) (4.16)
Diéu kién cuong do 1a

M < R,bx(h, —g) +R_A, (h, —a) (4.17)
Pt == ay = EL—0.58)
Taco: R.A =&R,bh, +R_A', (4.18)
Piéu kién cuong do: M <a,_R,bh? +R_A' (h, —a") (4.19)

c. Piéu Kkién han ché
Dé khong xay ra pha hoai gion tir ving bé tong chiu nén phai théa man diéu kién
(sau khi da dat cot kép ):

x<&qh, hodac £<¢&; hodc o, <ay (4.20)
Dé cho tng suit trong c6t thép chiu nén dat Rsc phai thoa man diéu kién :
X>2a' (4.21)
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(Thye nghiém cho biét img sudt trong cot thép chiu nén chi dat dén Rsc khi hop luc
Rsc A's con ¢ xa truc trung hoa hon hop luc Ry bx, tirc bé cao ving nén phdi théa man
X >2a').
d. Van dung

* Béll tOé.n tinh As, A's . Bl.é’tM b, h, Rb,, Rs, Rsc
Pau tién phai kiém tra sy can thiét dat cdt kép:

M
<a,=——<0,5 4.22
Og < Up Rbbhoz ( )
Hai phuong trinh (4.18) va (4.19) c¢6 chira 3 an sb ¢, A, A, vi vy phai chon trudc

gia tri cua 1 4n r0i tinh 2 4n con lai. Theo thuc nghiém dé tan dung kha nang chiu nén
ctia BT ta c6 thé chon £=¢&, tiic «, =a, thay vao (4.19) ta co :

n M-y R,bh,”

4.23
=R (h, -a) (4.23)
Tur (4.18)taco :
_ SrRibhy R 4.24
A==p— A (4.24)

S S

Vi du 4.4: Thiét ké cdt thép kép (As, As’) cho mot dam bé tong cdt thép vai sb lisu
sau: bé tong co cap do bén B15, thép nhom CII, bxh=20x40cm, M=10tm.

e

- Buéc 1: tra s6 liéu Rs=8,5Mpa, Rs=Rs=280Mpa, £r=0,65, 0,r=0,439.
- Bude 2: gia thiét a=5cm; a'=3cm = ho= 40-5= 35cm
- Budc 3: kiém tra sy can thiét phai dat c6t kép

7
goo M 1007
R,bh2 ~ 8,5%200x350

oy < <0,5: thoa man diéu kién dat cot kép.
- Budc 4: tinh

M — R, bh2  10x107 —0,439x8,5x 200 x 3502

L =95, 74mm? = 0,957cm?
A R..(h,—2) 280x(350-30)
p = caPobfy Ry 5 0,65x8,5x200x350 280 oo 74 1477mm? —14, 770m?
R, R, 280 280

- Budc 5: chon va bo tri ¢t thép
Vi As'= 0,957cm? chon 2910 (As = 1,57cm?)
Vi As= 14,77cm? chon 4¢20+¢18 (As = 15,105cm?)
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2710

@ —
= (e ag

@2(320 -
N

20520 o ‘

1 (q\]

® @18
200 2

- Budc 6: kiém tra a
A 2x3,142x3+2,545%x2,9+2x3,142x7,5
15,105

=4,86cm

a =2+0,5=2,5cm

Céc gia tri a va a’ ¢ sai 1éch nhung thién vé an toan, bai toan két thuc.

* Bai todn tinh As, cho biét A's
am:M _RscAs(lgO —a )
R,bh,

C6 thé xay ra cac trudng hop sau:

Tir (4.18) = > (4.25)

+Néu «a,, > a,thi chimg to A's da cho chua dii dé bao dam cudng do clia ving nén.
Khi d6 phai xem A's 1a chua biét va tinh lai nhu bai toan trén.

+Néu a, <ay=>¢

+Néu x=¢& hy>2a' (théa man diéu kién han ché)

Tur (4.18) ta duoc:

Aszbbhf’ LN (4.26)

+ Néu x=¢ h, <2a' thi tng suit trong cdt thép As' chi dat dén os < Rse. Dé loai

b6t an s Gsc, ngudi ta 1dy x = 2a’ dé tinh As. Viét phuong trinh can bang M dbi véi
trong tam c6t thép A’s :

M, =R,A (h, —a") (4.27)
Tur diéu kién: M=M,
M
= A-_ M 4.28
AS Rs (ho_ a') ( )

Vi du 4.5. Thiét ké As cho mot dam bé tong cot thép voi cac sb lidu sau: bé tong co
cap d6 bén B20, thép nhom CIII, bxh=20x50cm, M= 25tm, As = 3¢18.

e

Loi gidi
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- Budc 1: tra s6 liéu Ry=8,5Mpa, Rs=Rs=280Mpa, £r=0,65, 0,r=0,439.

- Budc 2: gia thiét a=5cm=> ho= 40-5= 35cm

a'=3+0,9=2,9cm
3718
1
O—71717 .
< (e o e j
(@}
(Q\|
(@}
(e}
<
200
M-R. A.(h,—a) 26x107 —365%763x(440—29
- Bu6c 3: o, = AS(ZO ): - - X(Z ):0,3O4<aR
R,.b.h; 11,5x200x 440
- Budc 4:
A - £.R bh, +&-/¥ _0,375x11,5x200x440 365 .. oon o _18,03em?
R, R, 365 65

- Budc 5: Chon thép 6020 (As=18,85cm?)
- Budc 6:a= 20+25+% =57,5mm =5, 75cm

Gia tri a sai léch véi gia thiét khong 16n va thién vé an toan nén cé thé két thic
bai toan.

- 3018
e 3
5
8
3, 3020 -
e o o8

NSI @ ® [ ]
320 g‘

200

* Bai todn kiém tra cwong dj -
Biétb, h, A, A, Rs, Rsc,Ro . Tinh Mgn
Bai toan c6 2 phuong trinh véi 2 4n sb £va Mgn.

‘ RA-R_A
Tir (4.18) => g=—s3 Twlls
R,bh,
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+Néu £>¢&, thildy =&, , hodc a, = a,dé tinh Mgn.
M, = agR,bh +R A (h, —a')
+ Néu &< 2a'/h, (tc x <2a’) thi xem x = 2a’ va dung (4.27) dé tinh:
M, =R.A (h, —a')

£ 2a' ‘s Ao s A ,
+ Néu — <E<E, thite £ => ¢, 101 tinh Mgh theo cong thirc sau:

M gh — a, Rbbho2 + Rsc A's (ho - a')
Vi du 4.6. Kiém tra kha nang chiu lyc cho mat dam bé tong cdt thép véi cac s6 liéu
sau: bé tong c6 cip d6 bén B20, thép nhoém AIll, bxh=25x60cm, M=30tm,
As=3$p25+2¢$20, As =2¢16.

Loi gidi
2016
3 - | |
<
e e §
(@]
S
\O
5 2020
w
'Y e %L
mj: e e o
a|
3025 N
250

- Buéc 1: tra s6 liéu Ry=11,5Mpa, Rs=365Mpa, £r=0,59, 0r=0,416.
-Budc 2: tinhavaa
a 3x4,909%x3,75+2x%x3,14%8,5
3x4,909+2x3,14

h, =h—a=60-5,17 =54,83cm

- Budce 3: tinh &

R,.A —R,.A _ 365x2101-365x402
R, b.h, 11,5%250x548,3

=517cm:a = 20+§ =28mm

£= =0,393< &,

M, = a, R,bh? + R .A.(h, —a’) = 0,316 x11, 5x 250x 548, 3 + 365 x 402 x (548, 3~ 28)
= 349468600Nmm = 34, 95tm
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- Buéc 4: so sanh va két luan
My, >M: cAu kién du kha nang chiu lyc.

4.4. TINH TOAN CAU KIEN CHU T THEO CUONG PQ TREN TIET DIEN
THANG GOC
4.4.1. Pic diém cu tao va tinh toan

Tiét dién chir T gdm c6 canh va suon. Dam tiét dién chir T c6 thé 1a dam doc lap,
phén canh cua tiét dién co6 thé duogc su dung vao mdt myc dich nao do hodc dé mo
rong vung nén. Cac dam san duoc dbc lién véi ban cling dugc xem la co tiét dién chir
T trong d6 canh 13 mot phan ban sat véi dam.

S Se
1 1 bs br
< ‘ S L, . S I S
, T i
< Cénh T g % T
_ | Sudn Dam san DAm san
7 — 7
bby

H4.8. DAm mit cit chir T

Canh c6 thé nam trong ving nén hodc nim trong ving kéo, tuy thudc vao chiéu
momen. Khi canh nam trong ving nén, dién tich ving bé tong chiu nén ting thém so
v6i tiét dién chir nhat b x h. Do vay st dung tiét dién chit T c6 canh trong vung nén s¢
tiét kiém hon tiét dién chir nhat. Khi canh nam trong ving kéo, vi bé tong ving kéo
xem nhu da bi nirit nén khong dugc tinh cho chiu kéo do dé vé mat cuong dd no chi cod
gia tri nhu tiét dién chit nhat b x h. Do d6 tiét dién chit I ciing chi c6 gia tri nhu tiét
dién chit T ¢6 canh nam trong viing nén.

b’

iL Y 2

L Se sc
b

Lb|
a) b) c) d)
H4.9. Cdc trwong hop tinh todn cdu kign chiu uén cé tiét di¢n chiv T
Do vuon cta canh khong duge vuot qua mot gidi han nhét dinh dé bao dam canh
cung tham gia chiu lyc v6i suon dugc quy dinh nhu sau:
a) Dbi v6i dam doc lap
Sc¢ < 1/6 nhip dam, dong thoi:
- Khih't>0,1h, ldy Sc < 6h’s
- Khi 0,05h <h’t<0,1h 14y Sc <3h's
- Khih’t <0,05h 14y Sc = 0
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b) Déi voi dam san duc lién véi ban
Sc¢ < 1/6 nhip dam, dong thoi:
- Khi c6 dam ngang hodc khi bé day cta canh h's > 0,1h thi S¢ phai khong vuot
qua 1/2 khoang cach thong thuy gitta hai dam doc.
- Khi khéng c6 dam ngang hoic khi khoang cach giita chung 16n hon khoang
cach giita hai dim doc va khi h's < 0,1h thi Sc < 6h'’s
- Khih't <0,05h 14y Sc =0

4.4.2. So db ing suat
So dd tng suat dung dé tinh toan tiét dién chir T co canh trong ving nén xuat
phat tir truong hop pha hoai déo.
b bt

T T Rp T T Ry
S 22 E E 7 Zp .
= Mgh = Mgh
B S, RAS o Js, RAs
b0y L
a) b)

Pé phan biét trudng hop truc trung hoa di qua canh hay qua sudn ta so sanh
momen Ung voi trudng hop truc trung hoa di qua mép dudi ctia cdnh Mt vo1 momen
ngoai lyc M.

M, =R,b;h; (h, —05h;) (4.29)
- Néu M < Mt thi truc trung hoa di qua cénh, vi¢c tinh toan dugc tién hanh nhu ddi
v6i tiét dién chit nhat b; xh.
- Néu M > M thi truc trung hoa di qua sudn. Dudi day chi dé cap dén truong hop
nay.
Truong hep truc trung hoa qua swon
Hai phuong trinh can bang sau:

R.A =Rbx+R, (b, ~b; (4.30)
M, = R,bx(h, —0,5%) + R, (b, ~b)h; (h, —0,5h;) (4.31)
biéu kién cuong do: M<M,
Ttrc: M <R,bx(h, —0,5%)+ R, (b; —b)h; (h, —0,5h.) (4.32)

Pit &= hi Va a, =£(1-05¢) thi (4.30) va (4.32) s& ¢6 dang;

R.A =&R,bh, +R, (b; ~b; (4.33)
M <a,R,bh? +R, (b, —b)h: (h, —0,5h}) (4.34)
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Tir (4.33) va (4.34) ta thay canh cia tiét dién chit T lam ting strc chiu tai cho tiét
dién chir nhat bxh gidng nhu vai tro ctia As trong trudng hop dit cbt kép.

Piéu kién han ché:

Diéu kién dé xay ra pha hoai déo, ing suit trong cdt thép dat dén cudng do chiu
kéo tinh toan Rs, Gng suit trong bé tong chiu nén dat cudng do chiu nén tinh toén Ry
la:

& <& hodc o, <ay :gR(l_Oa5§R)'

* Bdi todn thiét ké (bdi todn tinh cot thép)

Biét kich thudc tiét dién, Rp, Rs vA momen ngoai luc M => Tinh As.
O day bai toan c6 hai phuong trinh (4.33) va (4.34) voi hai 4n s6 € va As. Tir (4.34) ta
tinh duoc:

M =R, (b; ~b)h; (h, ~05h;)

4.35
“n R,bh? (4:35)
- Néu om < ar tra bang dugc &.
Tur (4.33) ta tinh dugc As nhu sau:
R . .
A = R—b[éjoho + (b, —b)h, | (4.36)

- Néu am > ar thi phai dit ¢t thép chiu nén As, khi d6 viéc tinh toan cdt thép
tuong tu nhu tinh toan cAu kién chir nhat dat ¢t thép keép.

Vi du 4.7. Thiét ké As cho mot dim bé tong cbt thép tiét dién chit T véi cac sb lidu
sau: bé tong co cip do bén B20, thép nhom CII, bxh= 25x70cm, b’s xh'r=100x8cm,
nhip dam lg= 6m, khoang cach thong thuy giita 2 dam lo=4m, M=60tm.

Loi gigi

- Buéc 1: tra s6 liu Ry=11,5Mpa, Rs=280Mpa, £r=0,623, 0a.=0,429.

- Budc 2: gia thiét a= 6,5cm tinh duoc ho= h-a= 60-6,5= 63,5cm

- Budc 3: kiém tra d0 sai canh

1, 1
- = | = = %600 =100cm
b, —b 100
5, == =1002 25 _37,5cm < i’ 61
2 1, = =x 400 = 200cm
2772

D0 sai canh dat yéu cau

- Budc 4: xac dinh vi tri truc trung hoa
M, =R,b..h,.(h —0,5.;)=115x1000x80x (635 —0,5x80) = 547400000Nmm =54, 74tm
M > Ms: truc trung hoa qua suon, tinh theo tiét dién chir T.

- Budce 5:
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L M- R,.(b; =b).h;.(h, —0,5.h;)  60x10” —11,5x (1000 —250) x 80 x (635—0,5x80)

" R,.b.h? 11,5% 250 x 635
=0,163<

€=0,18
- Budc 6:

A =%[b§ho +(b, ~b)h, | = 1218;3 x[250 0,18 635+ (1000 — 250) x 80] = 3638mm?

S

- Bu6c 7: kiém tra ham luong cdt thép

u="2 1009% =038 10006 = 2,2020
bh, 25635
. R, 115
iy = 0,059,y = & 21009 =0,623 = 2x100% = 2,56%

S

Ham luong cot thép théa man < u<u.,,
- Budce 8: Chon thép 6¢25+2¢9p22 (As=36,38cm?)

S
2025

T e s
e e %
NI [ BN BN I ) 4#
w
4025 N‘

®

250
25

-Buoc 9:ax 25+ 25+? =62,5mm =6, 25cm.

Gia tri a sai léch véi gia thiét khong 16n va thién vé an toan nén cé thé két thic
bai toan.

* Bai todn kiém tra

Biét kich thudc tiét dién, R, As, can phai tinh dugc Mgh:

Bai toan c¢6 hai phuong trinh (4.33) ma (4.34) véi hai 4n s6 Mgn va &.
R,A —R,(b; —b)h;

Tu (4.33) => &= 4.37
(33 => == (437)

- Néu & < &g thi tra bang ra om va tinh duoc Mgn:
M, = &, R,bh: + R, (b; —b)h; (h, —0,5h;) (4.38)

- Néu & > &g thi 1dy am = or dé tinh Mgh.
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Vi du 4.8. Kiém tra kha nang chiu lyc cho dam bé tong cdt thép tiét dién chit T

(canh & dang congson) véi cac sb liéu sau: B20, CII, bxh= 30x80cm, b’txh'r=60x 7cm,

nhip ddm l=6m, khoang cach théng thuy gita 2 diam lo=4m, M=65tm, As=
3p25+2¢28.

Loi gii
- Buéc 1: tra s6 liu Ro=11,5Mpa, Rs=280Mpa, £r=0,623, 0.=0,429.

Z
3) 2028 L 1|5
c{l: ¢ e e
0392 2
300

- Budc 2: bd tri thép va tinh a
3% 4,909x 4,25+ 2x 6,158x9,9
a= =6,82cm
3% 4,909+ 2x 6,158

h, =h—a=80-6,82=73,18cm

- Budc 3: kiém tra Sc

l.ld _1 600-100cm
6" 6
b, —b -
S, =——= 00-30 _15em< l.l0 _ 1 400=200cm
2 2 270 2
3.h, =3.7=21cm

Sc dat yéu cau
- Budc 4: xac dinh vi tri truc trung hoa
M, =R,.(b; —b).h;.(h, —0,5.h;)
=11,5.(600-300).70.(731,8—-0,5.70) =168277200Nmm = 16,83tm
M > Mg: truc trung hoa qua suon.
- Budc 5:
£o R,A —R,(b; ~b)h; _ 280.2704-11,5.(600-300).70 _ 0,204 <.
R,bh, 11,5.300.731,8

— xdy ra phad hoai déo

Tra bang am= 0,183

M, = a,Rbhi + R, (b; —b)h; (h, —0,5h;)

=0,183.11,5.300.731,8% +11,5.(600 —300).70.(731,8 - 0,5.70) = 506384848 Nmm = 50, 64tm

- Bu6c 6: M > Mgn cdu kién khong da kha nang chiu luc.
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4.5. TINH TOAN CUONG PQ TREN TIET DIEN NGHIENG
4.5.1. Sw pha hoai trén tiét dién nghiéng

O nhitng doan ddm c6 Q 16n, Gmg suit phap do M va tng sut tiép do luc cit s&
gdy ra nhitng tng suit kéo chinh nghiéng véi truc dim mot goc o nao d6 va cé thé lam
xuat hién khe nirt. Cac cbt thép doc, dai, xién di qua khe niit nghiéng s& chéng lai su
pha hoai theo tiét dién nghiéng (H 4.10a). Ciing c6 thé hiéu sy pha hoai do M cé xu
huéng 1am quay 2 phan dam xung quanh vung nén, luc Q ¢ xu hudng kéo tach 2 phan
dam theo phuong vudng goc truc dam (H 4.10b).

Su pha hoai trén tiét dién nghiéng c6 lién quan dén M va Q. Nhung dén nay trong
tiéu chuén thiét ké van tach riéng viéc tinh cdt dai, cbt xién theo Q véi viée tinh toan
cudng do trén tiét dién nghiéng theo M

a) b)
(e
N M: va
\_.\\\@\ = T <
C w ﬁ\\ W \
) \
W Qv /M
Y )

H 4.10 - M6 ta sw pha hoai trén tiét dién nghiéng

4.5.2. Cac diéu kién han ché khi tinh toan lyc cat

a. Piéu kién han ché

Ung suit kéo chinh tach bung dam thanh nhiing dai nghiéng. Cac dai nghiéng do
c6 thé bi v& nat vi ing suat nén chinh. Thong thuong khi Gmg suat nén chinh khong
vuot qua cuong do chiu nén Ry (nén mot truc) cia bé tong thi bé tong khong bi pha
hoai.

Tuy nhién bung dam chju Gng sut nén va kéo theo hai phuong vudng goc, didu do
1am giam kha ning chiu nén cuia bé tong va can phai dugc luu .

Céc két qua thi nghiém da chung to rang, dé bao dam bé tong khong bi pha hoai
trén tiét dién nghiéng theo ing suit nén chinh, cdn théa man diéu kién:

Q <039, ¢, R, bh, (4.39)

Trong do6: ¢, - hé so xét dén anh hudng ctua cot dai dat vudng goc voi truc cau

kién:
@, =1+5a 1, <13 (4.40)
Véi: azﬂ, i, _Aw
E, bs
Asw - dién tich tiét dién ngang ctia mot 16p cbt dai va cit qua tiét dién
nghiéng.

b - bé rong cua tiét dién chir nhat; bé rong suon cua tiét dién chit T va chir L.
s - khoang cach cét dai.
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@, - hé s6 xét dén kha nang phan phéi lai nd1 luc cua céc lgai bé tong khac
nhau:
Pp1 =1- R, (4.41)
B = 0,01 - ddi v4i bétong ning, bétong hat nho va bétong td ong
B = 0,02 - d6i v6i bétong nhe.
Ro- tinh bang MPa.
Néu diéu kién (4.39) khong théa mén thi phai ting kich thude tiét dién hoidc ting
cAp d0 bén cua bétong.

b. Piéu kién tinh toan
Khe nirt nghiéng duoc hinh thanh dau tién & gitta suon dam, noi Gng suét tiép do
luc cat gay ra dat gia tri cyc dai. Do tinh chat khong dan hoi cta bétong, ing suét tiép
s& dan dan tr¢ thanh phan b déu va khe nut phat trién.
Thi nghiém ching té rang khi chiu cat thuan tiy, néu
T=0, =%S 2,5R,,

thi khong xuét hién khe nut nghiéng tirc 1a kha niang chiu cit 16n nhat ciia bé tong
bang:
Qurex = 2,5R,bh, (4.42)
Nhu vay, gid tri Qmax & mép gdi tira ctia cau kién khong co cdt thép ngang khi chiu
Iuc tép trung & gan gdi tya phai thoa man:
Quax <25R,,.bh, =Q, o (4.43)

max —
DPong thoi, trong trudng hop chung khi khong cé cbt thép ngang con phai thoa man
cac diéu kién sau;

(A+¢,).R,bh
Q< Pa-( @::) =0~ Q,, (4.44)

2
va 2uCEAIRDN > 1+ IR BN, (4.45)

Trong d6: Quo — kha ning chiu cit cta bé tong khi khong c6 ¢t dai

Q- lyc cat ¢ cudi tiét dién nghiéng.

C - chiéu dai hinh chiéu tiét dién nghiéng trén truc cau kién tinh tir mép
gbi tya, c<c,_, =2h,

9., - hé sb bang 0,6 d6i v6i bétong ning va bang 0,5 ddi voi béténg hat
nho.

.. - hé s0 bang 1,5 ddi voi bétong nang va bang 1,2 dbi véi bétong hat
nhd.

@, - hé s6 xét dén anh huong cua lyc doc truc.

+ Khi Iuc doc 1a luc nén:
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N
=01—<05 4.45
q)ﬂ Rbtbho ( )
+Khi luc doc 1a luc kéo:
N
=-0,2 4.46
q)n Rbtbho ( )
Va -0,2 N <0,8
R,.bh,

Gi4 tri Qpo durgc khéng ché trong mot gidi han: Q,<Q,, <Q,.,
Voi: Qi =@ (1+9,)R, 0.0y,
Tiéu chuén thiét ké quy dinh khong can tinh toan cdt dai chiu cit khi:
Qa = Qo (4.47)

Vi Qa 14 luc cit tinh toan, duoc xac dinh bﬁng luc cét tinh toan trir di ngoai luc
dit & mot phia tiét dién dang xét.

4.5.3. Piéu kién cwong dd trén tiét dién nghiéng

- Qb
(3 T No+Rsc.A's
HI‘HHHHHI
% H\\

W%’ ') l TN
st.AsW 17’—7&

v, Co \J®

Z

Q@ 7

H 4.11- So' d6 tinh toan cwong dd trén tiét di¢n nghiéng.
* Piéu kién cuong do trén tiét dién nghiéng theo lyc cit:

Q < (Qb + st + Qs,inc) (447)

Q- luc cit tinh & mot phia ctuia tiét dién

Q,,- luc cat do cdt dai chiu.

Qs ine - Iurc cat do cbt xién chiu.

Qb - luc cat do bétong chiu, dugc xac dinh bé'mg cong thirc thuc nghiém:
Q = o5+, +9,).R,b.h,

c
Trong do:

> Qbmin (448)
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C - chiéu dai hinh chiéu ctua mit cit nghiéng trén truc doc ctia ciu kién.
@,,-hé sO xét dén anh hudng cua loai bétong:
+@,=2 dbi voi bétong ning va béténg to ong.
+@,,= 1,7 d6i v6i bétong hat nho.
¢, - hé sb xét anh huong cua canh tiét dién chit T va chit I khi cach ndm trong
vung chiu nén:
0,75.u,.h,
KT (4.49)
Vé6i:  up =min|3h,;(b, —b)|
Trong moi truong hop: (1+¢; +¢,) <1,5.
Mat khac:  Q, 2Q, i, = @+ 9, +¢,)R,bh, (4.50)
Tur (4.48)va (4.50) suy ra: c<22p .

Doz

T (4.48) va (4.43) suy ra; ¢ > %(u o, +o)h,.

Qsw: tong hinh chiéu noi luc giéi han trong cdt thép dai cit qua vét nirt nghiéng
nguy hiém chiéu 1én phuong vudng goc véi truc cau kién.

Q. =D R.A, (4.51)
Goi q, = R A la kha ndng chiu lyc cua cot dai dem phan bd déu theo truc dam.
s

Khi budc dai s khong d6i trong pham vi tiét dién nghiéng thi:
st = quCO (452)
Gia tri qsw con phai duoc théa man diéu kién:

Pps- L+ 0 +9,).R b _ Qumin
> 2h, (4.53)

bicu kién cudong do trén tiét dién nghiéng theo md men:

Qo 2

M SMS+MSW+MSJ“C (454)

4.5.4. Tinh toan c6t dai khi khong dit ¢t xién

a. Tiét dién nguy hiém nhat

Khi khong c6 ¢t xién thi diéu kién cuong do:

Opo-(1+ @ +9,).R, 0.
Q < Qb,sw = Qb + st = : ( Cc ) t + qSW'C (455)

Goi Qbsw 13 kha ning chiu cit ciia bé tong va cot dai trén tiét dién nghiéng c,
Qv .sw=f(c). Kha ning chiu cit nho nhit ctia bé tong va cdt dai tim tir diéu kién cyc tiéu
cua Qb,sw
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¢>b2.(1+ o + 0, ).Rbt b.h

2 sw
c

Pps-(L+ 9; +9,).R, by _ M,
Osw Qsw
(Mb = Go2. (1+ 2 +¢n)'Rbt'b'h02)

Co goi 1a tiét dién nghiéng nguy hiém nhat Gmg voi kha ning chiu cit cua bé

Qb,sw ==

:CO

Q;’SW:O:>C:\/

tong va cot dai nho nhat:

Qb,sw min 2'\/¢b2'(1+ Py + 2 )'Rbt bhozqsw (456)

b. Tinh khoang cach ciia cdt dai

Cot dai duoc xac dinh boi cac thong s6: duong kinh (@sw), sd thanh (n), khoang
cach (s).

Can ct vao d0 16n cua dam gia thuyét duong kinh va s6 nhanh roi tinh s theo Q.

Piéu kién dam bao cudng do trén tiét dién nghiéng nguy hiém nhat:

Q = Qb,sw min — 2'\/(Db2'(1+ P¢ + ¢, )'Rbt'b'h(?'qsw (457)

4.(ob2.(1+ Q¢ + 0, ).Rbt b.h?
Q2
IQSW"A%W — RSW'n'aSW
S S
Thay vao biéu thirc (4.57) ta c6:
_ A0 (Lt @ +0,) Ry by
S=2 Q2

Vi st g2oi 1a khoang cach tinh todn ctia cac cot dai.

=0, =

Véi q, =

R,na, =s (4.58)
bt aw tt

Pong thoi dé tranh trudng hop pha hoai theo tiét dién nghiéng nam gitra hai cbt dai
(khi d6 chi c6 bé tong chiu cit) thi diéu kién:

_ @-(1+9,).R bhg
S Spay = Q (4.59)

c. Khoang cach ciu tao ciia cac cot dai trong ban va dim

Trong dam c6 chiéu cao 16n hon 150mm va trong tdm c¢6 15 véi chiéu day 16n hon
300mm can phai dit ¢t ngang.

Trong dam c6 chiéu cao bé hon 150mm, tim dic va trong tim c6 15 voi chiéu day
bé hon 300mm khong can phai dat ¢t ngang nhung phai thoa méan diéu kién khéng
ché vé luc cit.

Yéu cau ciu tao: cbt dai co thé dit déu trén toan dam hodc dé tiét kiém thi ¢ doan
dam c¢6 luc cit nho c6 thé dat thua hon.

Vi doan dam gan gbi tua (co luc cat 1on):
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S, =Mmin (2;150mmj khi h <450mm (4.60)
Sy = min(g;BOOmmj khi h>450mm

Véi doan dam c6 Iy cat bé: s, =min [BTT;SOOmmj.

O doan dam gbi tua duge 1y nhu sau: 1y bang 1/4 (1 13 nhip dim) khi dam chiu
tai trong phan bd déu, 1dy bang khoang cach tir gdi dén luc tip trung dau tién nhung
khong bé hon 1/4 khi dam chiu lyc tip trung.

Khoang cach thiét ké ciia cot dai

S = MiN(Sy; Spaes et ) 5 S 1am tron dén don vi cm dé dé€ thi cong.

a. Tinh cdu kién chiu tdi trong phén bo déu
Gia st trén dam co tac dung tai trong thudng xuyén lién tuc qi thi trong biéu thire
(4.55) phai b6 sung thém thanh phan qu

Q=02+ (g + 3 (4.61)

Khi dé hinh chiéu cua tiét dién nghiéng co s€ c6 dang:

Mb
C, = / 4.62
° qsw + ql ( )

Néu goi q 1a tong tai trong phan bd déu tac dung 1én cau kién, khi toan bo q 1a tai

trong thuong xuyén thi 1dy q1 = q. Khi trong q c6 mot phan 1a tai trong tam thoi ky
hiéu 13 v phan bé lién tyc thi ldy q, =g + % , trong d6 g 1a tai trong thudong xuyén lién

tuc.
bicu kién cuong do:

Qmax < % + (qsw + ql)'c (463)
Gia tri co tinh theo (4.62) can phai duoc xem xét cing vdi tuong quan gitta qsw VA
Q.
+Néu q, <0,56q,, thi: ¢, = | Mo (4.64)
G
£ S, M

+Néu g, >0,56q,, thi: ¢, = B (4.65)

qsw + ql

*Khi tinh todn thiét ké, tinh qsu nhw sau

e KhiQ,, s%, voi Q,, =2M,q,

2 2
th‘l qSW _ Qmax — le > Qmax — le (466)
aMm, 2h,
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¢ Khl + le > Qmax > %
thi: Oy, = ( max _le) > Qmax _le (4.67)
M, 2h,
e Khi Q> b +Qy
thi: I w (4.68)

e Néutinhra q,, < % thi tinh lai qsw theo cong thirc:

~ Quax L P2
Qsw _2h . & —

b3

Qmax & Qmax 2
[ s By - G (469

Do3

b. Tinh cét dai cho ciu ki¢n chiu tdi trong tip trung

Khi chiu tai trong tap trung, can phai tinh véi tat ca cac tiét dién nghiéng ci xuat
phat tir gdi tya nhung khong vuot qua tiét dién c6 gia tri md men 16n nhat. Gia tri qsw

duoc xac dinh theo hé sb:

Qi — Qbi

y=——"% trongdo: Q, =—2

bi

o Néug <o =Som o

Qi 2h,
1 Q )(ol
th|. qSW(I) C Z +1
C
b Neu Xoi <Zl _C_
th‘l qSW(I) Q c le
Néu & < X S
C, h,
th‘l qSW(I) (Q MQbI)
b
Néu g, >+
thi Uswiiy Q ;Qbi .

(4.70)
(4.71)
F1 F2
(4.72)
/// /_,// <~
|V
(4.73)
Q1 B
@74 @4 Sy

H 4.12 — So' do tinh toan cot
dai khi chiju luc tap trung
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Chuong 4: Cdu kién chiu uén (tinh toan theo cuong do)
O day véi ho<Ci. Cudi cung 13y gia tri qswe) 16n nhat dé xac dinh cdt dai
Qi - lyc cét ¢ tiét dién cach gbi twa mot doan ci
Qbi - duoc xac dinh theo (4.48) véi c= ci
Qbmin - dugc xac dinh theo (4.50)
My - dugc xac dinh theo (4.57)
Lay co= Ci nhung khong 16n hon 2ho
Vi du 4.9. Thiét ké ¢t thép ( cbt thép doc chiu luc va ¢t dai) cho dam véi sb lidu
sau: bé tong B25, thép doc chiu luc diung nhom thép CIL, cbt dai dung nhém thép CI.
Dam chiu tai trong phan bd déu véi g = 16kN/m; p=24kN/m (g: tinh ti, p: hoat tai),
nhip dim 1=8m.

o

| 1=8m
y
H 4.13: So' dd tinh ciia dAm

Loi gidi
1. Tra s6 li¢u tinh toan:
Rp=14,5Mpa, Rni=1,05Mpa, Ep=27.103Mpa.
Thép CI c6 Rs= Rsc =225Mpa, Rsw=175Mpa, Es=21.10*Mpa.
Thép CIl ¢6 Rs= Rsc =280Mpa, Rsw=225Mpa, Es=21.10*Mpa.
Vi B25 va CII tra bang c6 &r = 0,595; ar = 0,418.
2. Xac dinh no1 luc
_gl> 408
max = g 3

Qo =2 =428 160k
2 2

3. Tinh c6t thép doc chiu luc
(Dung bai toan thiét ké 2)
Gia thiét: a=6cm; b=25cm; €=0,35
Tu £=0,35 tra bang ta c6 am=0,289

-
h, = M__ 320.10 =553mm = h=h, +a=553+60=613mm
a,.R,b \0,289.14,5.250

Chon h = 600mm = 60cm.

M =320kN.m

E = % = 2,4 thoa man diéu kién [2+4], luc nay ho=h-a=600-60=540mm
6
Tinh o, =—M___ 32010 5354

R,b.h?  14,5.250.540°
Véi o, =0,302 tra bang ta c6 € = 0,815
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M 320.10°

R.Ch,  2800.0,815.540
Kiém tra ham luong cdt thép
25,79

=2 100% = 227910006 = 1,924%
bh, 25.54

A = = 2597mm’ = 25,97cm’

p. =0,05%; 1 = §R.%.100% =0, 595.%.100% =3,08%

S

Ham luong cot thép théa man u_, <u<u,

Chon thép
V6i As= 25,97¢m? chon 3¢25+3¢22 (As = 26,13cm?)
B4 tri thép:
20312
® | |
o o
o
N
30922
ST
4
mj: —
&
@ 30925
250

H 4.14: Mit cit b tri thép dim
. 3.4,909.3,75+3.3,801.8,6
26,13
Sai léch khong nhiéu so véi a gia thiét va thién vé an toan nén co thé két thuc bai
toan.

=5,87cm

4. Chon cbt thép doc cAu tao: chon cot gia 2912
5. Thiét ké cdt dai
- Bude 1: chuan bi s liu tinh todn
- Buédc 2: dy kién dung dai ¢6, s6 nhanh n=2 ta ¢
A, =na,, =2.0,283=0,566cm’ =56,6mm’
- Budc 3: kiém tra diéu kién tinh toan Q < Qp.o
Vi
Qo0 =0,5.0,,.(1+¢,).R,b.h; =0,5.1,5.1.1,05.250.541,3 =106568N =106,57kN
Q =160KN > Qu. : can phai tinh toan ¢t dai.
- Buéc 4: tinh g, =g+0,5p=16+0,5.24=28kN /m
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M, = @y,-(1+ @, + @, ).R, b1 =2.1.1,05.250.541,3° =153827987 Nmm

(p; =0;0,=0)
Qy, = 2.4/M,.q, = 2.4/153827987.28 =131258N
Q. —160kN < 21 _BL28 _ 518 764k
06 06
Q2 —Q2 (160.10°) 131258 N
_)qSW: max bl _ =2 ’54_
4M, 4.153827987 mm

. , . , .. . Raw-A
- Budce 5: khoang céch tinh toan cua cot dai s= %
=100 _ 329mm

26,55

_ @-(1+9,).R,bh  1,5105.250.550?
Q. 158000

Khoang cach cyc dai s, =753mm

Khoang cach cau tao (sct):

bai day s, =min (g;BOOmmj =min (200;300) = 200mm

bai thua s, =min (%;SOOmmj = min (450;500) = 450mm

Khodng cich thiét ké: s, = Min(Sy; Spa; See ) = 200Mm

Két luan: dai $65200

4.5.5. Tinh to4n c6t xién
O nhitng doan dam ma Q > Qpsw thi phai tinh ¢t xién dé nd cing chiu luc véi bé
tong va cot dai.
a. Bo tri cac 16p cot xién
BO tri cac 16p cbt xién trong ving c6 Q>Qpsw dé bao dam khong xuat hién khe
nGt nghiéng cit qua bétong nam gilta mép gdi tya va dau 16p ¢t xién thir nhat, va cat
qua bé tong nam giita nhimng 16p cbt xién tiép theo.

g
/

<Smax
f

<Smax
f f

<Smax
f f

<Smax
f f

H 4.13- Vi tri cac 16 c6t xién trong dam

b. Tinh dién tich cac 16p cot xién
Piéu kién cuong do trén tiét dién nghiéng ¢ bat ky:
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Q< qswc+ﬂ+ Ry A inc-SIN O (4.75)
c
Trong do:

+As.inc- tong dién tich cac 16p cot xién cat qua mat cat nghiéng c

As.inct As.inc? As.inc3 l

c1 ‘ ‘ c3
T

H 4.14- C4c mit cit nghiéng dung dé tinh to4n cot xién

Kha ning chiu cét ctia cac mit cat nghiéng ci phai 16n hon luc cit & dau mit cat
nghiéng:

Ql < qsw'cl + RSWA&incl'Sin 0+ Mb

(4.76)
Cl
M,
Q, <£0,,C, + R, A ,-SINO + o (4.77)
2
M,
Q; £0,-C; + Ry, A ea-SIN O + . (4.78)
3
M,
QS < qsw'CO + st(As.incz + As'inc3)'sm 0+ C_ ' (479)
0

Trong d6: Qila luc cit & diém du clia mit cat nghiéng ci

Chu ¥: Khi tinh kha ning chiu cit trén cac tiét dién nghiéng can:
+ Phai ké dén tai trong phan bb qi lam giam lyc cit & cudi tiét dién nghiéng.
+Khi tinh gsw.Ci: néu ci >Co thi 1dy ci=Co; Khi Co >2h, thi 1y co= 2ho

+Khi tinh Mo 5hai dam bao Qomax> Qb> Qomin
C

4.5.6. Kiém tra cwong dd trén tiét dién nghiéng theo mé men
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_ Nb
\Q s S > =7
X
\ . /l .
%l Rsw Asy
/‘\,’-’o Rsw Asw
Rs.A
772 é
Z YRsw Alsw ‘
Q Z ay | s
4
Ix C
H 4.15- So' @6 lwe trén tiét dién nghiéng
Cong thirc kiém tra: M <(M_+M_, +M ) (4.80)
Hay M <RAz +>R,A,Zs + 2 RuAincZeine (4.81)

Trong do:
+M — mé6 men ctia ngoai lyc nim ¢ mot phia cua tiét dién nghiéng ddi véi truc
thang goc v6i mat phing udn va di qua diém dit cta hop luc Np trong viing nén.
+ YR, A2, =05q.c°
+2Z . =2,C0860+(C—a,)siné
*X4c dinh chiéu cao ving nén x:
2. X =0:

RbA) + RscAls_RsA _ZRSW'A%.inc'COSH =0

a. Neo ¢t doc chiu kéo gin goi tua tw do
Ung suat trong cdt doc chi dat dén Rs khi né duge neo chic véi chiéu dai lan tinh tir
mép gbi tua:

| = [a) % ; Manjd (4.82)
b
Trong d6: w,, = 0,5; A1, =8(neo trong ving nén) dbi voi cot co go;
w,, =0,8;A1,, =12 ddi véi cdt tron
* Néu chiéu dai neo cua cdt thép Ix< lan thi gia tri Rs dua vao trong tinh toan phai
giam di bang cach nhan véi hé sé y,, = %

an
* Cho phép khong kiém tra cuong do trén tiét dién nghiéng chiu moment khi thoa
man cac diéu kién:
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0,8¢,,R,.bh’
Qmax SZRbtbho’ QS%

* Néu cot doc ¢ goi tua tu do cua cau kién chiu uén khong dugc neo dac biét hoac

(4.83)

khong dugc han vao tam dém & goi tua thi can théa man mdt s6 yéu ciu cau tao sau:

2
+Néu Q_, <25R, bh,vad Q< "’M(l“/(’;)Rbtbho thi l.>5d

max —

Khi diung khung va luéi han; ¢t doc 13 cbt tron thi trong pham vi la phai c6 mot
cot ngang vdi da>0,5d dugce han voi ¢t doc, cach mat cot doc mot doan c:
c<15 mm khi d<10; c<1,5d khi d>10.

(1+ gon)Rbtbho2
C

+Néu Q. >25R, bh; Q> thi 1.>10d.

Khi c6t doc 1a cbt tron thi trong pham vi doan |, phai han 2 thanh cbt ngang c6
da>0,5d va dam bao khoang c.

|
a/ b/ 2

L | | ~ %a>05d

’ - d; >0,5d z

a / 2
77J7777///////////| \\ y /////////I \\ y

[ i

H 4.16- neo c6t thép han & gbi twa ty do

\I\
\I\

a/ trong ban; b/ trong dam
b. Udn cot thép doc chiu kéo

/@) Nj\\ >ho/2 . /C@

A T N*%LH v
A B
ﬁ—T\
T LTI
\_
™ T |
I, >ho/2 n IV
Zw
N\w\\\
B " 7 llvll’ =
”\’H
! - w (Y
/ c
N

H 4.17- So' d6 bb tri cot thép va
bieu do bao vit liéu ctiia dam lién tuc
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* Bieu do bao néi luc la biéu do ma moi tung do cua no biéu thi gia tri dai 0 cuia
néi lwc Ién nhat hodc nhé nhat cé thé xay ra tai tiét dién twong ung.

* Bieu do6 bao vt liéu: Dé kiém tra su dung dan va hop Iy cua viéc b6 tri cot thép
can vé hinh bao vit liéu. Tung do hinh bao vat liéu bcing kha nang chiu lyc cua tiét
dién. Biéu do bao vat liéu cang sat voi biéu do bao néi luc cang tiet kiém.

C6t s6 2 duge udn tur nhip 1 1én géi twa B dé chju momen am. O tiét dién II-11
kha nang chiu lyc ctua ¢t s6 2 duoc tan dung hét. Pé dam bao cuong do trén tiét dién
nghiéng Ni- N1 thi canh tay don zsinc >Zs. Diéu d6 s& xay ra khi khoang cach tir tiét
dién thang goc 11-II dén tiét dién I-I (tring v6i diém udn cia cbt xién) >ho/2

* Piéu nay co thé giai thich nhu sau : Néu tai tiét dién 1I-1I cét sé 2 dwoc tin
dung hét khd néing chiu luc ta uén ngay cot dé thanh cét xién thi cuong do chiu uon
cia tiét dién nghiéng NiN1 sé khong dwoce dam bdo. Vi cd 2 ciing chiu 1 mémen uon,
nhung trén tiet dién II-1I thi cot doc lam viée véi canh tay don Zs, con trén tiet dién
nghiéng cot xién (cot uon lén) chi lam viéc véi canh tay don Z1= Zs Cosa < Zs. Mudn
cho cuong do trén tiét dién nghiéng it ra ciing bang cwong dg trén tiét dién vuéng géc
thi Z1 > Zs. Tir d6 c6 thé chirng minh dwoc diém bdt dau uon cot xién phdi cach mép
26i twa > hol2.

c. Cit c¢dt thép doc chiu kéo
O xa géi twa ctia dam lién tuc, mémen 4m giam dan, ta c6 thé cit b6t cot thép chiu
kéo. Trén hinh (4.17) ta thiy dén tiét dién III-III cbt sb 2 co thé bi cit bét. Tiét dién
II-IIT goi 1a tiét dién cét 1y thuyét. Tuy nhién dé dam bao cudng do trén cac tiét dién
nghiéng bat ky N2-N2 thi ¢t s6 2 phai duge kéo dai thém 1 doan W dén tiét dién IV-
IV dé cho
Y RswAswZsw > RsAsZs (4.84)
Tuc 13 kha ning chiu M trén tiét dién nghiéng N2-N2 bi giam di do ¢t doc s 2 bi
cit bot phai duoc bu lai bang kha ning chiu momen cua cac cot dai nim trong pham vi
tiét dién nghiéng do.
* Pbi v6i cac dam co tiét dién khong doi, ta co
w=2 5d>20d (4.85)
24,
Q: gié tri lyc cit tai tiét dién cit 1y thuyét.
d: dudng kinh c6t doc bi cit bot
Osw = w (4.86)
Gia trj 5d nham dam béao neo chic cbt thép.

Néu ving cit bot cbt doc c6 ¢t xién thi W bang:

W= Qsine ,54>204 (4.87)
20y,
Trong do : Qs.inc = Rs AswSina (4.88)
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Asw: dién tich cua 16p cbt xién nam trong ving cit bat cdt thép. Pé don gian va an
toan c6 thé 1ay nhu sau: Agw 1a dién tich 16p cot xién cat qua tiét dién cat 1y thuyét, 1a
dién tich 16p cbt xién ndm ngay phia trudc tiét dién cat 1y thuyét (ké tir gdi tua tro ra)
ma khoang cach tir diém dau cua 16p cbt xién d6 dén tiét dién cit 1y thuyét khong 16n

hon Q_Qs.inc
2Q,,
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Chuong 4: Cdu kién chiu uén (tinh toan theo cuong do)
CAU HOI ON TAP CHUONG 4

1. Néu dic diém ciu tao cua ban va dim?

2. Céc trang thai ung sut va bién dang trén tiét dién thing goc ctia mot dam chiu
ubn?

3. Thé nao 1a pha hoai gion, pha hoai déo?

4. Vi sao ham lugng cdt thép trong cu kién chiu udn phai théa man p, <pu<u_.
? Néu khong thoa man thi xir 1y thé nao?

5. V& so dd g suat, thiét 14p cac cong thirc co ban va diéu kién han ché va cac bai
toan van dung cho cAu kién co tiét dién chit nhat chju udn dat ¢t don, cbt kép?

6. Cu tao, v& so dd ung suét, thiét 1ap céc cong thuc co ban va diéu kién han ché
va céac bai toan van dung cho cau kién c6 tiét dién chit T chiu udn dit cét don, cot kép?

7. Cac diéu kién khéng ché khi tinh toan luc cit?
8. Nguyén tic tinh toan cuong do trén tiét dién nghiéng?

9. Nguyén tic tinh todn udn va cit thép?

10. Nguyén tic tinh toan cbt dai khi khéng c6 cdt xién?
11. Nguyén tic tinh toan cdt xién?
12. Tinh As va v& mit cat b tri thép véi cac s6 liéu sau:

STT | b(cm) | h(cm) | Céapdobén | Nhom cot thép | M(KNm)
cua bé tong B
1 20 40 15 CllI 90
2 25 50 20 CllI 150
3 25 80 25 ClV 240
4 30 90 30 Alll 360
5 25 70 35 All 260
13. Chon bxh, tinh As va v& mit cat bo tri thép véi cac so liéu sau:
STT | Cap do bén ctia bé tong B | Nhom cbt thép | M(KNm)
1 25 Cll 200
2 15 cll 220
3 20 cll 380
4 15 All 420
5 30 Alll 450
14. B6 tri cot thép va kiém tra kha nang chiu luc?
STT | b(cm) | h(cm) B | Nhém cét thép As M(kNm)
1 20 40 15 cll 3020+2¢922 | 180
2 25 50 20 cll 3022+2925 | 240
3 25 80 30 cll 5¢20 360
4 30 90 20 Alll 3020+3¢p22 | 400
5 25 70 30 Alll 5025 420
15. V& mat cat bd tri ¢t thép va xac dinh kha ning chiu luc?
STT | b(cm) | h(cm) B | Nhom cbt thép As
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Chuong 4: Cdu kién chiu uén (tinh toan theo cuong do)

1 22 40 25 Clil 3018+2¢22
2 25 60 15 ClI 5¢20
3 30 80 30 Clll 5022
4 25 70 25 All 3¢20+3¢25
5 30 90 25 Alll 520
16. Tinh As, As’ va v& mit cit bd tri thép véi cac s liéu sau:
STT | b(cm) | h(cm) B | Nhom cbt thép | M(KNm)
1 20 40 15 CllI 140
2 25 50 15 All 260
3 25 80 15 Cll 600
4 30 90 20 Alll 1200
5 25 70 20 CHI 650

17. Tinh As va v& mat cat bo tri thép vai cac so liéu sau:

STT | b(cm) | h(cm) As B Nhom cbt thép | M(KNm)
1 20 40 2620 20 CllI 160
2 25 50 2022 20 All 320
3 25 80 3025 20 Clil 800
4 30 90 3028 15 Alll 1050
5 25 70 2$20 15 Clll 520

18. V& mat cat bd tri cot thép va xac dinh kha nang chiu luc?

STT | b(cm) | h(cm) B Nhom cbt thép As As
1 22 40 25 CHI 3018+2¢22 2620
2 25 60 15 cll 5¢20 2¢20
3 30 80 30 CllI 5022 2$22
4 25 70 25 Alll 3¢20+3¢25 2$25
5 30 90 25 All 5920 3920

19. Cho dam c6 mat cat chit T (v6i canh & dang congson) véi sb liéu cho & bang
sau. Tinh As v& mit cit bd tri thép:

STT | b(cm) | h(cm) | hs(cm) | bs(cm) | la(m) | lo(m) B |>Ih(')m M(kNm)
coOt thép
1 22 60 8 100 5,6 4,0 15 Cll 230
2 25 60 10 90 4,2 4,5 15 Cll 250
3 30 80 12 70 4,5 4,2 25 Cl 600
4 25 70 10 110 3,5 4,6 20 All 450
5 30 90 12 80 3,0 3,6 25 Alll 800

20. Cho so d6 két cAu nhu hinh v&, thiét ké cdt thép cho dam (cbt doc, cbt dai va

coOt xién néu cd)
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P=2qa

q
trerovovy
AL

Yy vv ot vy
gﬁB

L3 | a a | a3

STT | biem) | hem) | qN/m)y | am) | B | Nhom

cot thép
1 | 22 | 60 70 4 15 cil
2 | 25 | 60 | 120 5 15 cil
3 | 30 | 80 | 150 6 25 cili
4 | 25 | 70 | 160 | 65 | 20 All
5 | 30 | 9 | 1200 | 62 | 25 | AI
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