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TUYEN BO MIEN TRU TRACH NHIEM

THOI GIAN, CONG SUC VA CHI PHi PANG KE DA BPUQC DANH CHO VIEC
PHAT TRIEN VA THU NGHIEM PHAN MEM NAY. TUY NHIEN, NGUOI DUNG
CHAP NHAN VA HIEU RANG KHONG CO BAO PAM NAO PUGC NHA PHAT
TRIEN HOAC NHA PHAN PHOI THE HIEN HAY NGU Y VE TINH CHINH XAC
HOAC PO TIN CAY CUA SAN PHAM NAY.

SAN PHAM NAY LA MOT CONG CU THIET THUC VA MANH ME CHO THIET
KE KET CAU. TUY NHIEN, NGUOI DUNG PHAI HIEU RO RANG CAC GIA PINH
CO BAN CUA CAC THUAT TOAN THIET KE, PHAN TiCH VA MO HINH HOA
PHAN MEM VA BU PAP CHO CAC KHIA CANH KHONG BUOC GIAI QUYET.

THONG TIN DO PHAN MEM TAO RA PHAI PUOQC KIEM TRA BOI MOT KY SU
CO TRINH BO VA KINH NGHIEM. KY SU PHAI XAC MINH BOC LAP KET QUA
VA CHIU TRACH NHIEM NGHE NGHIEP VE THONG TIN DUGC SU DUNG.
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1. Thiét ké theo TCVN 5574-2018

1.1. Céc t6 hop tai trong thiét ké

Céc to hop tai trong thiét ké 1a cac t6 hop khac nhau cua cac truong hop tai trong ma két cau can
dugc thiét ké. Poi voi TCVN 2737-2023, néu mot két cau chiu tinh tai (D), hoat tai phuong tién
giao thong va vat liéu, san pham chat kho (La), hoat tai phan bd déu néu trong muc 8.3.1 TCVN
2737-2023 (Ls), gi6 (W) va dong dat (E), dong thoi xem xét gid va luc dong dat co thé dao
nguoc, can xem xét cac t hop tai trong sau:

¥.(1.1D + 1.2L, + 1.3Lg)

Y2 (1.1D £ 1.2W)

Yu[1.1D + 09 x (1.2L, + 1.3Lg + 2.1W)]

Yo(D £ 1.0E)

Yo(D £ 1.0E + 0.3L, + 0.3Lp)

Trong do:

¥ 12 hé s6 tAm quan trong ciia cong trinh, lay theo bang H.1 phu luc H TCVN 2737-2023.

Bang H.1 — Gia trj toi thiéu ctia hé sé tam quan trong v,

Cép hau qua cua cong trinh | Mirc d6 quan trong cia cong Gia tri v,
trinh
Cl Thap 0,87
C2 Trung binh 1,00
C3 Cao 1,15

CHU THICH: Béi véi nha cao trén 250 m va mai nhip 16n (khong c6 tru trung gian) véi nhip
1én hon 120 m thi hé s6 y, 1dy khong nhé hon 1,2.

1.2. Thiét ké dAm

1.2.1. Thiét két ¢t thép chiu uén

C6t thép chiu udn trén va dudi dim duoc thiét ké tai mdi vi tri doc theo dam. Khi thiét ké cbt
thép chiu udn cho mé men chinh cia mot dam cu thé, cho mot vi tri cu thé, can thuc hién cac
budce sau:

- Xac dinh md men tinh toan.

- Xéc dinh cbt thép chiu uén yéu cau.

1.2.1.1. X4c dinh m6 men tinh toan

Trong thiét ké ¢t thép chiu ubn ciia dam bé tong, dam dugc thiét ké cho cac md men am va
duong 16n nhit thu dugc tir tit ca cac tO hop tai trong. Tinh toan cbt thép dudi dam dwa trén

momen duong cua dam. Tinh todn cot thép trén dua trén mé men am cua dam.
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1.2.1.2. Xac dinh c6t thép chiu uén yéu ciu
Trong quy trinh thiét ké dam chiu uén, chuong trinh tinh toan ca ct thép chiu kéo va cbt thép
chiu nén. Cét thép chiu nén dugc thém vao khi mé men thiét ké vuot qué kha nang chiu mé men
16n nhat ctiia dim chi c6 ¢t thép chiu kéo. Ngudi ding c¢6 thé chon tranh thém cdt thép chiu nén
béng cach tang chiéu cao hitu hiéu cia dam, bé rong hodc cuong dg cta bé tong.
Quy trinh thiét ké dya trén khéi ing suat hinh chir nhat dugc don gian hoa nhu trong Hinh 1-1.
Dién tich khdi ing suit va chiéu cao khdi chiu nén 1y nhu sau:

F. = Rpbx (TCVN 5574 8.1.2.3.2)
Trong d6 x 1a chiéu cao cua viing bé tong chiu nén, & = x/h, goi 1a gia tri chiéu cao twong d6i
cta vung chiu nén cua bé tong.
Chiéu cao twong dbi giGi han cua ving chiu nén ciia bé tong &g, tai thoi diém khi trang thai gisi
han ctia cdu kién xay ra dong thoi véi viée ing suét trong cbt thép chiu kéo dat t6i cuong d6 tinh
toan Ry:
XR 0.8

=R __ 77 (TCVN 5574 8.1.2.2.3)
hO 1+ gs,el/gbz

SR

Trong do:
xg 1a chiéu cao gi6i han cta ving bé tong chiu nén
Eser 12 bién dang twong ddi cua cbt thép chiu kéo khi ing suat bang R;:

Rs

Esel = 5 (TCVN 5574 8.1.2.3.2)

&, 12 bién dang twong d6i ctia bé tong chiu nén khi tmg suit bang R, 1dy theo cac chi din trong
TCVN 5574 6.1.4.2 khi c6 tac dung ngan han cuia tai trong, duoc 1y nhu sau:
£, = 0.0035, d6i véi bé tong c6 cap d6 bén chiu nén tir B60 tré xudng.

£, = 0.0033 - 0.0028, ddi v6i bé tong c6 cap dd bén chiu nén tir B70 dén B100.

- ) R ! Al
= TR A
M — _______ ] ! | A
C"*;:-.:‘g» """"""" 2 B "T'.";-\s
RoAs | ./
RAs J :/
® b
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Hinh 1-1. So do néi luc va biéu do ung sudt trong tiét dién thcfng goc voi truc doc
cau kién bé tong cot thép chiu udn khi tinh todn theo do bén (TCVN 5574 5574:2018)
Gid dinh kha nang chiu m6 men cua dam cot thépdonla M = |M,|, dua trén biéu do trén ta co:
M = F.(hy — 0.5x) = Rybx(hy — 0.5x)

Ta c6 phuong trinh bac 2 bién x nhu sau:

x% = 2hox + M 0
Ryb
Phuong trinh trén c6 nghiém khi:
A= h — M >0
Ryb
Nghiém x khi do la:
2M \°*
x = ho—(hoz—m)

Luu y: khi A < 0 tire la tiét dién khéng di kha néing chiu mé men va bi phd hoai, chirong trinh
sé dua ra thong bdo phd hoai cho tiét dién va nguoi ding can tang chiéu cao hitu hiéu ciia dam,
bé réng hodc cuong dé ciia bé tong.

Ta c6 gié tri chiu cao twong do6i cua vung chiu nén cua bé tong:

FL X
ho
So sénh & véi &g
- Néu ¢ khong 16n hon &g, ta co:
Ts = RyAs
M = T5<h0—§) . -
Rq (1o —3)

- Néu & 16n hon & thi tiét dién can thém cdt thép chiu nén & ving bé tong chiu nén vi chi bé
tong voi ving cao bang xx thoi thi khong du, lac nay tinh mé men theo trong tim cua cot thép

chiu nén ta co:

M =|Ty(ho — ") — F, (xZ—R - a)]

o M= [AstRs(ho —a') = Rybxg (xz_R - a)]

M + Rpbxg (% — a’)

Rs (hO - a’)

- Ay =

Tinh dién tich thép chiu nén can thiét:

&,E (xp —a’
R = min(Rg,, £5.E5) = min <RSC, b2 s(xR ))
R
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Cs = RycAsc
Tur phuong trinh cin bang ta c6:
Z C = ZT o F+C;=T; © Rybxp + AscRsc = RgAgt

_ Rbbe - AStRS
- ASC - R
N

1.2.1.3. Ham luong c6t thép t6i thiéu va tdi da
Ham luogng tdi thiéu cua cdt thép chiu udn thd chiu kéo, duge yéu cAu trong tiét dién dam chiu
udn 1a:
Ag min = 0.001bh, (TCVN 5574 10.3.3.1)

Dbi véi dam co tinh toan khang chén thi gia tri ham luong tdi thiéu duge quy dinh trong TCVN
5574 9386-2012.
Gi6i han trén cua cdt thép thd chiu kéo va thé chiu nén, Ag qy, 12 0.04 1an dién tich tiét dién
nguyén.
1.2.2. Thiét két c6t thép chiu cat
C6t thép chiu cit duoc thiét ké cho mdi t6 hop tai trong tai mdi vi tri doc chiéu dai dam. Khi
thiét ké cot thép chiu cit cho mot dam cu thé, ddi véi mot to hop tai trong cu thé, tai mot vi tri
cu thé chiu luc cét chinh ciia dam, can thyuc hién cac bude sau (TCVN 5574 8.1.3):

e Xac dinh lyc cét tinh toan, Q.

e Xac dinh kha ning chiu cét ciia bé tong, Q.

e Xic dinh cdt thép chiu cat yéu cau.
Tinh toan céu kién bé tong ¢t thép chiu udn theo tiét dién nghiéng (Hinh 1-2) duoc tién hanh
theo diéu kién:

Q=<0Qp+ Qs (TCVN 5574 8.1.3.3.1)

o

|/

2y

CHU DAN:
1 — Tiét dién nghiéng; 2 — Cét thép.
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Hinh 1-2. So do ndi luc khi tinh todn cdu kién bé tong cot thép theo tiét dién nghiéng chiu tac
dung ciia lyc cat (TCVN 5574 5574:2018)
1.2.2.1. Xdc dinh lie cdt tinh todn
Trong thiét ké cdt thép chiu cat cua dam, luc cat cho mdi to hop tai trong tai mot tram dam cu
thé co duoc bang cach tinh cac luc cit twong tmg cho céc truong hop tai trong khac nhau véi cac
hé s6 t6 hop tai trong tuong tng.
1.2.2.2. Xdc dinh khd nang chiu cit ciia bé tong

Kha nang chiu cat cua bé tong, Qj, duoc tinh nhu sau:

2
Q0 = %btbho (TCVN 5574 8.1.3.3.1)

Nhung khong 16n hon 2.5Ry:bh, va khong nho hon 0.5R,.bh,,
Trong do:
®pr 1a hé s6, ké dén anh hudéng cia cot thép doc, luc bam dinh va dac diém trang thai ing suét
ctia bé tong nam phia trén vét nirt xién, 1y bang 1,5.
Luc cét Qsw ddi vai cbt thép ngang nam vuong goc véi truc doc cAu kién duoge xac dinh theo
cong thirc:

Qsw = PswqswC (TCVN 5574 8.1.3.3.1)
trong do6:¢
@5y 12 hé 56, ké dén sy suy giam nodi luc doc theo chiéu dai hinh chiéu cua tiét dién nghiéng C,
liy bang 0.75;
qsw 12 luc trong ¢t thép ngang trén mot don vi chiéu dai cau kién, duoc xac dinh theo cong
thirc:

RswAsw

qSW -

SW
Can tién hanh tinh todn do6i vai mot loat tiét dién nghiéng, nam doc theo chiéu dai cau kién, véi
chi€u dai nguy hi€m nhat cia hinh chi€u tiét dién nghiéng C. Khi do, chiéu dai hinh chiéu C

trong cong thirc (91) lay khong nho hon hy va khong 16n hon 2h,,.

Pp2RpebhG
Qp + Q5w = - c + PswqswC
Coi vé phai 1a mot ham s y = f(C), dao ham ham s6 y = f(C), ta co:
/ ®p2RyebhG
f €)= _C—Zt + Oswsw
Ham sé y = f(C) c¢6 gia tri nho nhét khi f'(C) = 0, hay ta co:
(pbsztbh% _
_T Pswsw = 0
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Thay lai C vao phuong trinh ta co:

Q = Qb + st = 2\[(pb2Rbtbh(2) (‘pSWQSW)

QZ
Powow = 4(pb2Rbtbh(2)
_ 294, Rpebh§

Tur gid tri cua C, thay nguogc lai vao cong thirc tinh dugc Q.
1.2.2.3. Xdc dinh dign tich cét thép chiu ciit yéu ciu
Gia tri luyc cat dugc gidi han boi gia tri:
Qmax = Pp1Rpbhg (TCVN 5574 8.1.3.2)
Trong do:
®py 12 hé s6, ké dén anh huong cua dic diém trang thai Gmg sudt cua bé tong trong dai
nghiéng, 1iy bang 0,3

Dién tich c6t thép chiu cat dugc tinh nhu sau:

- Néu Q < Qb,
Agw -0
Sw
- Néu Qp < Q = Qnax>
Qsw =Q —Qp
Qsw RswAsw _ Qsw Agw Qsw _ Q-0
- = -

= qsw =

PswC  Sw  ®swC Sy OswCRg  ©5,CRg,

- Néu Q > Q,4y. tiét dién bi phé hoai, lac ndy can phai ting kich thudc cua tiét dién 1én.
Tham khao thém TCVN5574 10.3.4 dé ndm rd cac yéu cau vé bd tri thép dai cho dam.
1.2.3. Thiét két c6t thép chiu xoin
Cbt thép chiu xoan duogc thiét ké cho timg t6 hop tai trong thiét ké tai mdi dai doc theo chiéu dai
dam. Cac budc sau day lién quan dén viéc thiét ké ct thép doc va cot thép chiu cit cho mot vi
tri cu thé do dam xoén:

- Xac dinh m6 men xoén tinh toan, T,.

- Xac dinh cac thudc tinh cua tiét dién.

- Xéc dinh kha nang chiu xoan cuc han.

- Xac dinh c6t thép chiu xodn yéu cau.

1.2.3.1. X4c dinh md men xoin tinh toin
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Trong thiét ké cot thép X04n dﬁm, xo0dn cho mdi td hop tai trong tai mot vi tri dam cu thé ¢o duoc
bang cach tinh cc xoan tuong tng cho cac truong hop tai trong khac nhau vai cac hé s6 to hop
tai trong tuong Ung.
1.2.3.2. Xac dinh c6t thép chiu xoin thuan tiy
Tmax = 0.1R,b*h (TCVN 5574 8.1.4.2.1)
Trong do:
b va h 1an luot 1a canh nhé va canh 1én cua tiét dién ngang cua cAu kién.
Néu mé men xoan 16n hon gié tri T,,4, thi tiét dién s& bi pha hoai, can phai ting tiét dién.

a) Cét thép chiu kéo
nam & canh dwéi

N
Asw:f
Z;
(o
b) Cot thép chiu kéo o\t
nam & canh bén / [
N, |
7 S
/
/ -
P ~ Nsy Csu/2
NF 5,1 B g A/ —_—
N Con/2¥ Cow
-
22 Asw.f

Hinh 1-3. So do néi liee trong tiét dién khong gian
khi tinh todn chiu mé men xodn (TCVN 5574 5574:2018)
Tinh toan d6 bén céc tiét dién khong gian dugc tién hanh theo diéu kién (TCVN 5574 Hinh 12):
T <T, +T (TCVN 5574 8.1.4.2.2)

Trong do:

T 1a md men xodn trong tiét dién khong gian, dugc xéac dinh do tat ca ngoai luc nam & mot phia
ctia tiét dién khong gian;

T,,, 14 m6 men xoan chiu boi c6t thép (cha tiét dién khong gian) nam theo phuong ngang so véi

truc cau kién;
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T, 14 md men xoén chiu boi cbt thép (cua tiét dién khong gian) nim theo phuong doc truc ciu
kién.
M6 men xoan Ty, dugc xac dinh theo cong thirc:

T = 09N, Z, (TCVN 5574 8.1.4.2.2)

Con mo6 men xoan Ty dugc xac dinh theo cong thue:

T, = 09N, 27, (TCVN 5574 8.1.4.2.2)
S S I

Trong do:
Ny, 13 luc trong ¢t thép nam theo phwong ngang so véi truc doc cdu kién; dbi véi cdt thép nam

vudng goc voi truc doc thi luc Ny, dugc xac dinh theo cong thic:

Ny = Qow,1Csw (TCVN 5574 8.1.4.2.2)
qsw,1 1a luc trong cbt thép ngang nay tinh trén mot don vi chidu dai cau kién:
_ stAsw,l
Aswai = — -
SW

Agy 1 1a dién tich tiét dién cbt thép nam theo phwong ngang véi truc doc ciu kién;
s, 1a budc ¢t thép nam theo phuong ngang véi truc doc cau kién;
Cew 1a chiéu dai hinh chiéu cta canh chiu kéo cua tiét dién khong gian lén truc doc cAu kién:
Coy = 6C

§ 12 hé s, ké dén ti 1& cac canh cua tiét dién ngang:

P S

2Z,+ 74
C 1a chiéu dai hinh chiéu ctia canh chiu nén cta tiét dién khong gian 1én truc doc cu kién.
N 1a lyc trong cot thép doc nim gén bién dang xét cua céu kién:
N; = RAq 4

Ag 1 1a dién tich tiét dién c6t thép doc ndm gan bién dang xét ctia cau kién;
7, va Z, lan luot 1a chiéu dai canh cua tiét dién ngang & bién chiu kéo dang xét ciia cdu kién va
chiéu dai canh con lai cua tiét dién ngang cua cAu kién.
Can tién hanh tinh toan v&i mot loat tiét dién khong gian nam doc chiéu dai ciu kién, véi chiéu
dai nguy hiém nhat cta hinh chiéu tiét dién khong gian C 1én truc doc céu kién. Khi 0, gia tri C
léy khong 16n hon 2Z, + Z; va khong 16n hon Z;/2/6.
Ta co:

Zy

Z
T < Ty + Ty = 09Ny, Zy + 0.9N; = Z, = 0.9G5 1 CewZs + 0.9RsA; -

Z,

14| Page



Z Z 0.99sw1Z1Z, . 0.9N;Z,Z,
09qsw122 — CZZ+O9N CZ = ZZSZW-I-Z C 2
1

Coi vé phai 1a mot ham s y = f(C), dao ham ham s6 y = f(C), ta cé:
09NsZ,Z, 0.9qgy1Z,1Z,
cz 2,47
Ham sé y = £(C) ¢o gia tri nho nhét khi £'(C) = 0, hay ta co:
0.9NsZ1Z,  0.9qsy1212Z,
C? 27, + 7,

_INsQZy + Zy)
qsw,l

Tisd Qsw1Z1/Ns liy trong khoang 0.5 dén 1.5. Trong trudng hop nay, néu gia trj qsw1Z1/Ng

F(0)=-

nam ngoai khoang d6 thi trong tinh toan can ké dén s lugng cét thép (doc va ngang) ma g
v6i nd gia tri ndy nam trong khoang néu trén. Ky su s& tily chon ti 16 nay dé c6 ti 16 ham luong

bd tri thép dai va thép doc phut hop véi yéu cau thuc té. Goi ti 16 nay 1a k. Ta c6:

qsw 121 —k o N, qu 121

Ny(2Z, + Zl) Z1(2Z2 +27Z)
qsw,1

Luu y gid tr1 gidi han cua € dugc quy dinh ¢ dau muc nay. Do doé sau khi tinh dugc C, dua vao

khoang gi6i han ctia C dé chon ra gia tri C phu hop trong khoang gi6i han.
Thay lai C vao phuong trinh ta co:

Cop = 2 C
W27, + 74
Z Z,Z
T'= Toy + Ty = 09NguZ; + 0.9N; 725 = 0950y 1CoZs + 0.9 qswkl 127,

ZZ
T =09Z,95y1 (CSW + kC)

T
2 qdsw1 = 2)

77
0.9Z, (CSW + 7

Cot thép dai chiu xoan yéu cau:

SW RSW
C6t thép doc chiu xodn yéu cau:
A = & _ Gsw1Z1
SR kR
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Tinh c6t thép chiu mé men xodn cho 2 trudng hop Z;, va Z, do6i vai tro cho nhau roi 1dy gia tri
16n nhét cho két qua kha nang chiu x04n cua tiét dién.
1.2.3.3. Xéc dinh c6t thép chiu xoin udn dong thoi
Khi cu kién chiu uén xodn dong thoi, tién hanh dua vao cong thuc sau cia TCVN 5574

8.1.4.3.2:

2
T<T, [1- (Mﬂo) (TCVN 5574 8.1.4.3.2)

Trong do:
T 12 md men xoin do ngoai luc tic dung trong tiét dién khong gian
T, 12 md men xoén giGi han ma tiét dién khong gian c6 thé chiu dugc
M 14 m6 men udn do ngoai luc tac dung trong tiét dién thang goc;
M, 12 m6 men udn giéi han ma tiét dién thiang goc c6 thé chiu duoc
Céc budc tinh toan nhu sau:
Tinh M, dya vao muc 1.4.1 cuaa tai liéu nay, sau do tinh dugc mdé men x0an can thiét cua tiét
dién nhu sau:
T

1= (37,)

Tir d6 dwa vao muyc 1.2.3.2 cta tai liéu nay dé tim dugc ¢t thép dai va cbt thép doc can thiét cho

TO =
2

tiét dién.
1.2.3.4. Xac dinh c6t thép chiu xodn cit dong thoi
Khi céu kién chiju udn xodn d@)ng thoi, tién hanh dwa vao cong thirc sau cua TCVN 5574

8.1.4.3.2:

Q 2
T<T, |1- (Q—) (TCVN 5574 8.1.4.4.1)
0

Trong do:

T 1a md men xo4n do ngoai lyc tac dung trong tiét dién khong gian

T, 12 m6 men xoén gidi han ma tiét dién khong gian ¢6 thé chiu duogc

Q laluc cit do ngoai lyc tac dung trong tiét dién théng gbc;

Qo 12 luc cit gidi han ma tiét dién thang goc c6 thé chiu duoc

Céc budc tinh toan nhu sau:

Tinh Q, dua vao myc 1.2.2 cta tai liéu nay, sau do tinh dwoc mé men xodn can thiét cua tiét dién

nhu sau:
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T

- ()

Tur d6 dya vao muc 1.2.3.2 cua tai liu nay dé tim dugce cot thép dai va cbt thép doc can thiét cho

S
I

tiét dién.
1.3. Thiét ké cot
So dd quy trinh thiét ké cot bé tong cbt thép theo TCVN 5574-2018.

Xéc dinh tai trong tac dung

Do 1éch tam nga:lu nhién

Xac dinh @6 manh A
2 \Yes R 2K » .
Kiémtra A>14 ? I?e den a{lh hlfm}g
uon doc vao do léch
tam tong
No
Xac dinh m6 men thiét ké Mgy

Xay dung biéu do tuong tac

Kiém tra ndi lyc trén biéu do tuong tac

Kiém tra cdu tao bd tri thép cot

1.3.1. Xac dinh tai trong tac dung
Tir két qua phén tich khung, thu dugc:

- N4 — luc doc thiét ké (axial design load).

- Miop, Mpottom — MO men thi€t k€ ¢ dau va chan cft theo ca 2 phuong chinh vudng goc voi

nhau cua tiét dién cot.
Céc hiéu tmg bac 1 (first-order effects) gom:

- M6 men do tai trong dugc 1y tir md hinh phan tich khung.
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- M6 men do sai I¢ch hinh hoc (imperfections).

Céc hiéu tmg béc hai (second-order effects) gy ra boi su thay dbi hinh hoc c6 thé anh huong

l6n dén ct chang han nhu cac cdt manh.

1.3.2. Pj léch tim ngiu nhién
Theo muc 8.1.2.2.4 TCVN 5574-2018, gia tri do 1éch tim ngau nhién dugc xac dinh nhu sau:

_ (lx wx10 )
€ux = max £00°30" mm

L, w, 10
esy = max|——,—,10mm
@ 600’30’
Loy, Loy chi€u dai cua cau kién hodc cua khoang cach gilra céc tiét dién cua noé dugc lién két

chin chuyén vi theo phuong X va Y. Lay chiéu dai tinh toan cta cot theo phuong X va Y.
Wy, W, kich thude tiét dién theo phuong X va phuong Y.

Theo myc 8.1.2.1.2 TCVN 5574-2018, khi tinh toén cac cAu kién chiu nén léch tAm thi can ké
dén anh huong cta ubn doc dén kha ning chiu luc cta ching, thong thuong, bang cach tinh két

c4u theo so dd bién dang (phi tuyén hinh hoc).

Cho phép tinh toan két cau theo so d6 khong bién dang, nhung ké dén anh hudéng cia uén doc
cau kién dén do bén cta n6 khi 6 manh A = L,/i > 14 bang cach nhan d6 léch tim ban dau

e voi h¢ sb h, x4c dinh theo céac chi dan trong 8.1.2.4.2 TCVN 5574-2018.

V6i i 13 ban kinh quan kinh, i = /T/A

Lo 1a chiéu dai tinh toan ctia cot.

- Tiét dién chir nhat: A = 3.46L,/h

- Tiét dién tron: A = 4L, /h

Ciing theo muc 8.1.2.2.4 TCVN 5574-2018, s& c6 2 truong hop sau dugc ap dung:

Truong hop 1: Déi voi cac cau kién cta két cau siéu tinh, gia tri do 1éch tim e, cua luc doc ddi
véi trong tdm cua tiét dién quy ddi léy bé‘mg gia tri do léch tdm da xac dinh dugc tir tinh toan tinh

hoc, nhung khong nhé hon e, .

Truong hop 2: Déi voi cac cau kién cia két cau tinh dinh, do 1éch tim e, ldy bang tong d6 1éch

tam xac dinh dugc tir tinh toan tinh hoc va do 1éch tim ngau nhién.

Dé an toan cho tinh toan kiém tra cot, PiStructure mic dinh chon truong hop ap dung cho két
cAu tinh dinh dé ap dung cho toan bd tinh todn cta cot theo TCVN. Tuc 1a d6 I¢ch tdm cia cot

ngoai do léch tAm tir tinh toan tinh hoc e = M /N, ludn ludn c6 do léch tAm ngau nhién e, dugc
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ké dén trong kiém tra tinh toan cot. Piéu nay ciing dong bd véi cach tinh toan cot theo tidu chuan

EN1992-1-1 dugc trinh bay ¢ muc 2.5 cua tai liéu nay.

1.3.3. Chiéu dai tinh toan (Effective length)

Theo muc 8.1.2.4.4 TCVN 5574-2018, chiéu dai tinh toan Ly cua cAu kién chiu nén léch tim
duoc xé4c dinh nhu dbi véi cu kién cua két ciu khung c6 ké dén trang thai bién dang cua két cAu
khung & vi tri bat loi nhét cua tai trong ddi v6i cAu kién nay, c6 chii y dén bién dang khong dan

hoi cua vat liéu va su ¢6 mat cua vet nut.

Cho phép lay chiéu dai tinh toan L, ctia cau kién co tiét dién ngang khong d6i doc theo chiéu dai

L khi c6 tac dung cua luc doc nhu sau:
— Pdi v6i cau kién hai dau khép: Ly = 1.0L;

— D0oi voi cau kién mot dau ngam cung (loai trr dugc su xoay cua tiét di¢n goi tya) va mot dau

tu do (cong x6n): L, = 2.0L;

— Ddi v6i cau kién mot dau khop cb dinh va mot dau:
Ngam cung (khong xoay): Ly = 0.7L;

Ngam mém (cho phép xoay mot goc han ché): Ly = 0.9L;
— Pdi véi cau kién mot dau khép mém (cho phép géi tra dich chuyén han ché) va mot dau:
Ngam cung (khong xoay): Ly = 1.5L;

Ngam mém (voi goc xoay han ché): L, = 2.0L;

— Pdi véi cau kién hai dau ngam c¢d dinh:

Ngam cting (khong xoay): Ly = 0.5L;

Ngam mém (voi goc xoay han ché): L, = 0.8L;

— Pdi véi cau kién hai dau ngam di dong han ché:

Ngam cting (khong xoay): Ly = 0.8L;

Ngam mém (voi goc xoay han ché): L, = 1.2L.

1.3.4. Hé s6 udn doc
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Trong do:

N: Tuc doc thiét ké do ngoai luc (kN)
Ner x> Ner e 18 Iy t61 han quy uée, duoce xace dinh theo cong thuc:
Nerx = 12Dy /L,
Ne, = 2D, /L3,
trong do:
Dy, D, 1a 46 cing cua cAu kién bé tong cot thép ¢ trang thai gidi han vé do bén, duge xac dinh
theo cac chi dan vé tinh toan bién dang;
Loy, Loy 12 chiéu dai tinh toan cua cau kién, dugc xac dinh theo 8.1.2.4.4.
Gia tri luc doc truc thiét ké cua cot khong dugc vuot qua luc téi han quy udce.
1.3.4.1. P cirng tong hop Dx, Dy
Dy = (kpxEplpy + ksEslsy)
Dy = (kbyEbIby + ksEsIsy)

trong do:
E,, E; 1a mo dun dan hoi 1an luot cta bé tong va caa cbt thép;

I, I, 1a mo men quan tinh cta dién tich tiét dién 1an luot ciia bé tong va ctia toan bo cdt thép doc

doi véi trong tam tiet dién ngang cua cau kién;
ks = 0.7

0.15
2(03 +dey)
0.15
Kby 2(0.3 +d,y)

kpx =

dex dey 12 gid tri d0 1éch tAm tuong déi ctia lue doc

e
dy, =—2,015<d,, <15

Wy

e
dey =—2,0.15 < dgy < 15
y

1.3.4.2. M6 men qudn tinh tiét di¢n bé tong Iy, Iy

Tiét dién chix nhat:
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Ipy = 12y
s wy, Wy
by T 12
Tiét dién tron:
mrt
Ipy = Iby = T

Iy, Ipy: m6 men quan tinh bé tong quanh truc X/Y (mm”4)
Wy, W,,: kich thude tiét dién chir nhat (mm)

7: ban kinh tiét dién tron (mm)

1.3.4.3. M6 men quan tinh thép I, I,

md*

Ithanh = 64‘
wd?
As=—

Iy = 2(Iinann + Asai)
Isy = Z(lnann + Asa3)
d: duong kinh thanh thép (mm)
a: khoang cach tir thanh thép dén truc trung hoa (mm)
Lipann: MO men quéan tinh riéng ctia moi thanh thép
Ag: dién tich mdi thanh thép
1.3.4.4. D lgch tam sau khi ké dén anh huéng ciia uén doc céu kign
€x = €oxllx
€y = €oylly

Nx, My h€ s6 udn doc theo phuwong X va phuong Y

€0x €oy: d0 1éch tdm ban dau theo phuong X va phuong Y (bang téng cta do léch tim ngau

nhién ey, €4, va do l1éch tim do md men ban dau My, /N, Moy /N)

1.3.5. Moment thi cAp do lwc doc
My, = [N|nyeax + (NxIMox| — [Mox )
May = INInyeqy + (ny|Moy| — [Moy])
N: Tuc doc thiét ké (kN)
1.3.6. Xac dinh md men thiét ké
Myt = [Mox| + [Max| = 0y |Mox| + INI1x€0x
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Mty = |Moy| + [May | = ny [Moy | + INIny €4,
1.3.7. XAy dung biéu d6 twong tac dé kiém tra véi tii trong tic dung
Xay dung biéu do twong tac cua tiét dién cot bang cach quét toan bo kha ning chiu luc cia tiét
dién theo dg sau vung nén va hudng nghiéng truc trung hoa. Tai moi trang thai, tinh lyc nén &
mo men ctia bé tong va cbt thép theo TCVN5574-2018, hinh thanh biéu d6 khong gian 3D theo
N-Mx—My. Sau d6 véi mdi trudng hop tai trong thiét ké, ndi suy vi tri giao ctia dudng tai trong
v&i mat ngoai biéu d6 tuong tac 3D dé tim kha nang chiu lyc cyc han va ty 1€ kha nang chiu lyc

cua tiet dién cOt.

Quy trinh k¥ thuit tao biéu dd twong tic (interaction diagram) theo TCVN 5574-2018:
Buede 1: Chuan bi dir lidu dau vao
(1) Théng sé tiét dién
e Hinh dang tiét dién (polygon, chir nhat, tron...)
« Kich thudc tong thé: b, h
e Vi tri tam tiét dién (centroid)
« Kich thudc phan tir chia ludi tinh toan.
(2) Vatliéu
« Bétong: cuong do chiu nén thiét ké cta bé tong R, bién dang cuc han cia bé tong ., =
0.0035
o Thép: cuong do thiét ké cbt thép Ry, Ry, va md dun dan hoi thép Ei.
(3) B tri cbt thép
e Toa dd tung thanh thép (x,y)
e Dién tich tirng thanh thép
o Téng dién tich thép bé tri Ag ¢orar
Buoc 2: Tao ludi phan chia tiét dién
Chia tiét dién cot thanh tung phﬁn tr nho, moi phﬁn tir dugc phan loai 1a thudc ving nén
hay thudc vung kéo tuy theo vi tri truc trung hoa.
Buéc 3: Tinh Idp theo d sdu ving nén chay tir 0 dén gid tri I6n nhat.
V6i m&i mdi chiéu sau ving nén x, chay tinh lip budc 4 dugc trinh bay nhu sau:
Buoc 4. Lap theo goc nghiéng truc trung hoa (f = 0 — 2rx)
V6i mbi goc f va chiéu sdu ving nén x:
Buéc 4.1. Phan logi 6 ludi: Pdnh ddu cdc phan tir thude viing bé téng chiu nén.
Budc 4.2. Tinh lyc & mé men bé tong tir cac phan tir bé tong chiu nén (M., M,):

Budc 4.3. Tinh lwc & mé men cot thép (Msy, M;y):
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Vi ting thanh thép:
« Khoang cich d dén tryc trung hoa:
« Bién dang thép.
« Gioi han tng suit.
« Tinh ra md men ciia thép trong tiét dién tir g suit cua thanh thép.
Bu6c 4.5. Tong hop liec — mé men:
N = N, + N
M, = Mg, + My,
M, = M., + My,

My = f(M:% + M3)

Bu6e 5. Hoan tat hinh thai 3D ciia biéu do twong tde N—-Mx—My
Sau khi két thiic 2 vong lap:
C6 tt ca cac diém (N, M,, M,) day du cho moi cap (x,8)
BuGe 6. Véi méi cdp tdi trong thiét ké, tim kha nang chiu lye twong iing
V6i mdi cip tai trong thiét ké da xac dinh tir muc 2.5.5:
Bu6c 6.1. Tinh mé men tong hop can kiém tra:
Goc lam viée cua tai trong 6, = atan(M,,, M,)
Buéc 6.2. Véi moi ving nén x, néi suy theo f8
Duyét qua tit ca diém B (0 - 2m):
1. Tim hai diém B ké nhau c6 goc 6 bao quanh 6,
2. Nbi suy tuyén tinh theo 6
— tim duoc:
3. Niax » Mymaxs My max
4. Tim dugc Broundr Xfound
Buoc 7. Tinh ty 1é kha nang chiu lyc (Strength Ratio)
Vi tai trong thiét ké yéu cau (N,;, Myy):

VNG + M)

\/(Nrgmx + anax)

SR =

e SR <1.0- dat
e SR > 1.0 - khong dat

1.3.8. Tinh kha niing chiu cit ciia cot
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Twong tw nhu dim, kha nang chiu cét clia cot 1a gia tri tong cua kha ning chiu cit theo bé tong
va c6t thép chiu cit bd tri trong cot.

Tinh toan cAu kién bé tong cot thép chiu udn theo tiét dién nghiéng (Hinh 1-2) duoc tién hanh
theo diéu kién:

Q <Qp + Qg (TCVN 5574 8.1.3.3.1)

"o

|/

27

CHU DAN:
1 — Tiét dién nghiéng; 2 — Cét thép.
Hinh 1-2. So' do6 néi lee khi tinh todn cdu kién bé téng cot thép theo tiét dién nghiéng chiu tdc
dung ciia liec cat (TCVN 5574 5574:2018)
1.3.8.1. Xdc dinh khd ndng chiu cit ciia bé tong va cot thép
Kha ning chiu cit cta bé tong, Q,, dugc tinh nhu sau:
g P2 Ry bhG
b c
Nhung khong 16n hon 2.5R,;:bh, va khong nho hon 0.5R,;bh,,

(TCVN 5574 8.1.3.3.1)

Trong do:
@pr 1a hé s6, ké dén anh huong cua cbt thép doc, luyc bam dinh va dac diém trang thai ing suét
ctia bé tong nam phia trén vét nirt xién, 1y bang 1,5.
Luc cit Qy,, d6i véi cdt thép ngang ndm vudng goc véi truc doc ciu kién duoc xac dinh theo
cong thic:

Qsw = PswqswC (TCVN 5574 8.1.3.3.1)
trong do:
Qsw 1a hé s6, ké dén su suy giam ndi luc doc theo chiéu dai hinh chiéu cua tiét dién nghiéng C,
liy bang 0.75;
qsw 12 luc trong cdt thép ngang trén mot don vi chiéu dai cau kién, duoc xac dinh theo cong

thire:
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RswAsw

qSW -

SW
Can tién hanh tinh todn do6i vai mot loat tiét dién nghiéng, nam doc theo chiéu dai cau kién, véi
chidu dai nguy hiém nhat cta hinh chiéu tiét dién nghiéng C. Khi d6, chiéu dai hinh chiéu C

trong cong thirc (91) lay khong nho hon hy va khong 16n hon 2h,,.

Pp2RyebhG
Qp + Q5w = Tt + PswqswC
Coi vé phai 1a mot ham s y = f(C), dao ham ham s6 y = f(C), ta co:
, @p2Rpbh3
f €)= _% + Oswsw

Ham s6 y = f(C) co gia tri nho nhat khi f'(C) = 0, hay ta cé:

Pp Rb th
_% + Pswqsw =0

C= Pp2 Rbtbh(z)
Pswqsw

Qb + st = 2\/(pb2Rbtbhg ((pswCIsw)

Thay lai C vao phuong trinh ta c6:

QZ
Pswqsw = 4§0b2Rbtbh(%
_ 2942 Rpebh§

Tir gia tri cua C, thay nguoc lai vao cong thirc tinh duoc Q.
1.3.8.2. Xdc dinh di¢n tich cét thép chiu cdt yéu cau
Gia tri luc cét duge gi61 han baoi gia tri:
Qmax = Pp1Rpbhy (TCVN 5574 8.1.3.2)
Trong do:
®p1 12 hé sb, ké dén anh hudng cua dic diém trang thai ung sudt ciia bé tong trong dai
nghiéng, lay bang 0,3

Dién tich cbt thép chiu cat dugce tinh nhu sau:

- NéuQ < Q,,
A _
Sw
- Néqu<QSQmax:
Qsw =0Q — Qp
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Qsw  RewAsw _
-

Osw  Asw
-

= Qsw =

2. Thiét ké theo Eurocode 2-2004
2.1. Cac tb hop tai trong thiét ké

Céc t6 hop tai trong thiét ké 1a cac t6 hop khac nhau cua cac trudng hop tai trong ma két cau can
dugc thiét ké. DPbi voi Eurocode 2-2004, néu mot két cau chiu tinh tai (D), hoat tai (L), hoat tai

mai (Lr), tuyét (S), gio (W) va dong dat (E), ddng thoi xem xét gié va luc dong dat c6 thé dao

PswC Sw  PswC

ngugc, can xem xét cac t6 hop tai trong sau (ECO Eq. 6.10):

Y6j.supD

Y6jsupD + YoalL

YejsupD + (0.75)y¢1PL
Y6jinfD £ VoW

Y6j.supD £ Vo1 W

YejsupD + Vo1l £ vo oW
YejsupD +vQ 1L +yo oS
YejsupD £ V01 W +vg,iW0,L
YejsupD £ VoW +voitho:S
YejsupD +7Vo1S T VgioW
YejsupD + V1S + Vo,i¥o,l

YejsupD + Vo1l + vo,i¥0,iS Voo W

Y6jsupD £ VoW +voioil +voitho,:S
YejsupD + V015 £ VoihoiW + Vool
D + 1.0E

D + 1.0E + L

D+ 1.0E + 1y L+ 1,8

Trong do:

Yojsup = 135 (ECO Bang A1.2(B))

Yejms = 1.00 (ECO Bing A1.2(B))

Vo1 = 1.5 (ECO Bang A1.2(B))

Yo1 = 1.5 (ECO Bang A1.2(B))
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(ECO Eq. 6.12b)

_ Q=0
SW (pSWCRSW (pSWCRSW
- Néu Q > Qmaxs tiét dién bi pha hoai, luc nay can phai tang kich thudc cua tiét dién lén.

Tham khao thém TCVN5574 10.3.4 dé nam rd cac yéu cu vé bé tri thép dai cho dam.



Yo, = 0.7 (cho hoat tai, trir hoat tai kho sé liy gia tri khac) (ECO Bang A1.1)

Yo, = 0.6 (cho tai gi6) (ECO Bang Al.1)

2.2. Gi6i han d6 bén cua vt liéu

Cuong do bé tong chiu nén, f,;, khong dugc 16n hon 90Mpa (EC2 3.1.2(2)). Gia tri gi6i han
dudi va giéi han trén cia cuong do chay cot thép, fyk, tuong tmg 1a 400 va 600Mpa (EC2
3.2.2(3)).

Nguoi dung c6 trach nhiém dam béo rang cuong do t6i thiéu va tbi da duge dap tng.

2.3. Céc h¢ s an toan tirng phin

Cuong do thiét ké cua bé tong va thép duoc tinh bang cach chia cuong d6 dic trung cta vat liéu

cho hé s6 an toan timg phan, y, va ¥, nhu thé hién dudi day:

Accfek
fra =
fyk
fra =12
YTy,
fywie
fywd= 3;/‘:

Trong do:
. 12 hé sb ké dén anh huong dai han cua cudng do chiu nén, mic dinh ldy bang 1 va co thé tuy
chon bdi ngudi dung.
Hé s6 an toan timg phan cua vat liéu va cuong do thiét ké cua bé tong va cbt thép duoc dua ra
(EC22.2.3.2(1), bang 2.1N) nhu sau:

- Hé s6 an toan timg phan cua cdt thép y, = 1.15

- Hé sb an toan ting phan cua bé tong ¥, = 1.5
Cac gia tri dugc dé xuit bai tiéu chuin dé dua ra gia tri an toan chép nhéan duge cho két ciu
thong thuong dudi cac tinh hudng thiét ké thong thuong (EC 2.4.2.4). Ddi véi tinh hudng thiét
ké tai nan va dong dat, cac gia tri khuyén nghi nho hon trong bang. Ngudi dung nén xem xét
riéng.
Céc gia tri trén co thé duoc diéu chinh, tuy nhién nén than trong.
2.4. Thiét ké dam
2.4.1. Thiét két c6t thép chiu udn
C6t thép chiu udn trén va dudi dim duoc thiét ké tai mdi vi tri doc theo dam. Khi thiét ké cbt
thép chiu udn cho mé men chinh cia mot dam cu thé, cho mot vi tri cu thé, can thuc hién céac
budc sau:
- Xéc dinh m6 men tinh toan.

- Xéc dinh cot thép chiu uon yéu cau.
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2.4.1.1. Xac dinh m6 men tinh toan
Trong thiét ké cot thép chiu udn ciia dim bé tong, dim duoc thiét ké cho cac mdé men 4m va
duong 16n nhét thu duoc tir tat ca cac to hop tai trong. Tinh toan cot thép dudi dam dya trén
momen duong ctia dim. Tinh toan cbt thép trén dwa trén mdé men 4m cta dam.
2.4.1.2. Xac dinh c6t thép chiu udn yéu ciu
Trong quy trinh thiét ké dam chiu uén, chuong trinh tinh toan ca ct thép chiu kéo va cbt thép
chiu nén. Ct thép chiu nén dugc thém vao khi mé men thiét ké vuot qua kha nang chiu moé men
16n nhat ctia dim chi c6 ¢t thép chiu kéo. Ngudi ding c¢6 thé chon tranh thém cdt thép chiu nén
bang cach ting chiéuu cao hiru hiéu ciia dim, bé rong hodc cudng do cua bé tong.
Quy trinh thiét ké duya trén khoi tmg suat hinh chit nhat dugc don gian héa nhu trong Hinh 2-1
(EC2 3.1.7(3)). Dién tich khéi Gmg suat va chiéu cao khéi chiu nén lay nhu sau:

F. = 7feqab

a=Ax

Trong d6 x 14 chiéu cao cua truc trung hoa. Hé sé A dinh nghia chiéu cao hiéu qua ciia ving
chiu nén va hé sd 77 dinh nghia cuong do hiéu qua dugc cho nhu sau:

A=0.8d8ivéi f, <50 Mpa

fck —50 Ne .
A=0.8 (—) doiveoi 50 < f, <90 Mpa
400
7=1.0d6ivédi f, <50 Mpa
fck —50

7= 1.0—< 500 )dfiivé'iSOSfck <90 Mpa

Hon nita, gia dinh rang mo men phan bd lai trong cu kién khong dugc vuot qua gia tri giéi han
do tiéu chuén chi dinh. Tiéu chuin nay cling dat gioi han vé chiéu cao cua truc trung hoa, dé
tranh truong hop pha hoai don (EC2 5.5(4)). Khi moémen tidc dung vuot qua kha ndng momen
gid1 han cua dam cbt thép don, di¢n tich cdt thép chiu nén duogc tinh vdi gid dinh rr:ing do sau
truc trung hoa van & gié tri tdi da cho phép.

Gia tri gidi han cua ty 1€ giita chiéu cao truc trung hoa & trang thai giéi han cudi ciing véi chiéu
cao hiéu dung, (x/d)lim, dugc bicu thi dudi dang mot ham ciia ty 1¢ giita md men phan phdi lai

v61 mo men trudce khi phan phdi lai, 6, nhu sau:

(x) 0~k asivei £, <50 M
— = 01 v0ol1l <S a
d lim k2 ck p

(x) 6 — ks 46 véi £, > 50 M
- = 6i voi a
d’iim ks ok P

Twr cong thure trén suy ra gia tri X,
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T—ky e
Xmax = k—zd doivéi f. <50 Mpa

Xmay = k—43d déi véi £, > 50 Mpa

Déi vai cot thép co fyk < 500 Mpa, céc gia tri sau day dugc su dung:

k, = 0.44
k, =k, = 1.25(0.6 + 0.0014/€,,2)
ks = 0.54

8§ duoc gia thiét bang 1.
Trong d6 bién dang cuc han, €.,,, dugc xac dinh tir EC2 Béang 3.1 nhu sau:
Ecquz = 0.0035 d6i véi f, < 50 Mpa
Ecuz = 2.6 +35 [%] doéi véi f, = 50 Mpa

Ecus N1

] _._.{ —

Al —~— d' x a=Ax

5

d h
L ] Ly
N A 4 T T
ASJI &;
BEAM STRAIN STRESS
SECTION DIAGRAM DIAGRAM

Hinh 2-1 So d6 bién dang va iing sudt trong dam chit nhdt khi thiét ké chiu uén

Gia dinh kha ning chiu mé men cta dam cdt thép don1a M = |M,,|, dua trén biéu dd trén ta co:
a a
M=F/(d _E) = 7fqab (d - E)

Ta c6 phuong trinh bac 2 bién a nhu sau:

a? —2da + P =0
Phuong trinh trén c6 nghiém khi:
A=d* - M 0
Tfeab —

Nghiém a khi d6 la:
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- (- 2"
a=da-— —
’7fcdb

x=a/A

Luew y: khi A < 0 tike la tiét dién khéng di kha ning chiu mé men va bi phd hoai, chirong trinh

Suy ra:

sé dwa ra thong bdo pha hogi cho tiét dién va nguoi dung can tang chiéu cao hitu hiéu cua dam,
bé rong hodc cuong do cua bé tong.
So sanh x vO1 X, 4,

- Néu x khong 16n hon x4, ta co:

M =1,(d-3) A =—
’ fra(d-3)

- Néu x 16n hon x,,,4, thi ching to tiét dién can thém cdt thép chiu nén & ving bé tong chiu nén
vi chi bé téng voi viing cao bang x4, thoi thi khong du, lic nay ta c6:

ScuZEs (xmax - d))

xm ax

foc = min(fydrgscEs) = min ( fyd:

A = M — F.(d — 0.5Mnqx) _ M — 77feqab(d — 0.5M0q2)
fsc(d —d’) fse(d —d")

_ Vfcdb}‘xmax + Ascfsc

v fyd

2.4.1.3. Ham lwong c6t thép tdi thiéu va tdi da

Agt

Ham lugng tdi thiéu cua cot thép chiu udn thé chiu kéo, dugce yéu cau trong tiét dién dam la gia
tri 1o6n hon trong cac gia tri gidi han sau:

fctm
fyk
Agmin = 0.0013bd

bd

As,min - 026

Trong d6 f,¢, 12 gid tri cuong do chiu kéo trung binh cua bé tong va dugc tinh nhu sau:

2
fctm = ng;‘?( d6l Vol ka < 50 Mpa

fem

10
fem = fex + 8Mpa

Gi6i han trén cua cot thép thd chiu kéo va thé chiu nén, Ag qy, 12 0.04 1an dién tich tiét dién

nguyén (EC2 9.2.1.1).

2.4.2. Thiét két cot thép chiu cit

fetm = 2.121n (1 + ) ddi voi f,, > 50 Mpa
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Cbt thép chiu cit duoc thiét ké cho mdi to hop tai trong tai mdi vi tri doc chiéu dai dam. Khi
thiét ké cot thép chiu cat cho mot dam cu thé, ddi voi mot to hop tai trong cu thé, tai mot vi tri
cu thé do luc cat chinh ciia dam, can thuc hién cac budc sau (EC2 6.2):

e Xac dinh luc cit tinh toan, V.

e Xac dinh kha ning chiu cit ciia bé tong, Vra,c-

e Xac dinh cdt thép chiu cit yéu ciu.
2.4.2.1. Xdc dinh luc cdt tinh todn
Trong thiét ké cot thép chiu cat ciia dam, luc cit cho mdi to hop tai trong tai mot tram dam cu
thé c6 duge bang cach tinh cac luc cit twong g cho cac trudng hop tai trong khac nhau voi cac
hé s t6 hop tai trong twong tng.
2.4.2.2. Xdc dinh khd nang chiu cit ciia bé tong
Kha ning chiu cit cia bé tong, VRa,c» dugc tinh nhu sau:

Veae = [Cra,ck(100p,f)5 + k;0pbd (EC2 6.2.2(1))
V6i gia tri nho nhat 1a:
Vrae = (Vimin + k10cp)bd (EC2 6.2.2(1))

Trong do:

Cra,c lay bang 0.18/y,

fex don vi la Mpa

k=1+ /zdﬂ < 2.0 v6i don vi cla d la mm (EC2 6.2.2(1))
p; = ham luong cbt thép doc chiu kéo = % < 0.02 (EC2 6.2.2(1))
Ag, 1a dién tich cbt thép doc chiu kéo (EC26.2.2(1))
k, lay bang 0.15
Ngq
Ocp = /f < 0.2fg
c

3 1
Vimin = 0.035 kffj(
2.4.2.3.Xdc dinh cét thép chiu cit yéu cau
Luc cit dat vao tiét dién khong dugc vuot qué gia tri 16n nhat (EC2 6.2.3(3)):

acwb Zvlfcd
cotf + tan@

VRd,max -
Trong do:
a,, duoc liy bang 1 (EC2 6.2.3(3)).
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Hé sb giam cuong do cho tiét dién bé tong nut khi chiu cét, v,, duoc xac dinh nhu sau (EC2
6.2.2(6)):

fck
250)

z=09d (EC26.23(1))

Vl == 0.6(1 -

6 dugc xac dinh tir phuong trinh sau:
Vea = Vramax
© Vgag = aqwb zv1f.q/(cotl + tanf)
© Viqg = 0.5a.,,b zv, f.45in20
C6t thép chiu cat yéu cau dugc tinh toan nhu sau:

Néu VEd < VRd,C:

Néu VRd,c < VEd < VRd,max

Asw _ VEd > As,min
S Zfywacotd — s

Néu Vig > Vig max- ti€t dién bi pha hoai, can tang kich thudrc tiét dién.

Ham luong cbt thép chiu cat tdi thiéu dugc xac dinh nhu sau (EC2 9.2.2(5)):

Asw,min — 0.08 fck b
S fyk v

2.4.3. Thiét két cot thép chiu xoin
C6t thép chiu xodn dugce thiét ké cho timg t6 hop tai trong thiét ké tai mdi dai doc theo chiéu dai
dam. Céc budc sau day lién quan dén viéc thiét ké cot thép doc va cdt thép chiu cit cho mét vi
tri cu thé do dam xoén:

- Xac dinh mé men xodn tinh toan, T,,.

- Xac dinh c4c thugc tinh cua tiét dién.

- Xac dinh khd nang chiu x0dn cuc han.

- Xéc dinh cbt thép chiu xoin yéu cau.
2.4.3.1. Xic dinh md men xoin tinh to4n
Trong thiét ké cot thép xo0dn dam, xoan cho mdi to hop tai trong tai mot vi tri dam cu thé c6 duge
bang cach tinh cc xo4n tuong tmg cho cac trudng hop tai trong khac nhau véi cac hé s t6 hop
tai trong tuong ung.
Trong két cAu siéu tinh, noi co thé xdy ra sy phan bd lai luc X0&n trong cAu kién do sy phan bd

lai noi luc khi nit, Ty, thiét ké duge phép giam theo tiéu chuan (EC2 6.3.1(2)). Tuy nhién,
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chwong trinh khong ty dong phéan phdi lai ndi luc va giam T,,. Néu mudn phan phéi lai, nguoi
ding nén giai phong mirc do tw do xodn (DOF) trong phan mém c6 thé phan tich noi luc két cau.
2.4.3.2. Xac dinh cac thudc tinh ciia tiét dién

Doi voi thiét ké xodn, céc thudc tinh tiét dién dic biét, chang han nhu Ay, t,r, u, uy va z;, duoc
tinh toan. Céac thudc tinh nay dwoc mo ta trong phan sau (EC2 6.3.2).

A = Dién tich dugc bao boc boi chu vi ngoai cua tiét dién bé tong

A, = Dién tich duoc bao quanh béi duong tim ciia vach chiu xodn, trong dé dudng tim dugc
dinh vila 1 khoang ¢t,f/2 tur bé mat ngoai cung cua tiét dién.

ter = Chiéu day vach chiu xodn = A/u. Puoc 13y tdi thiéu 2 1an khoang cach giita mép ngoai
mit dim va trong tam cot thép doc.

u = Chu vi ngoai cling cua tiét dién bé tong

Uy, = Chu vi cua vung A, da dinh nghia ¢ trén

z; = Chiéu dai vach i, dugc xac dinh bang khoang cach giita cac diém nut ctia dwdng tdm vach
chiu xon.

Khi tinh toan cac thudc tinh ctia phan lién quan dén cét thép, ching han nhu A4, va u,, gia dinh
rang khoang cach gitra dudng tdm cta thanh dai kin ngoai ciing va bé mat bé tong ngoai cing 1a
50mm. Diéu nay twong duong v&i khoang bao vé 38mm va mot dai kin 12mm. Vi gia thiét nay,
cac thudc tinh dic biét cho tiét dién dam hinh chir nhat dugc cho nhu sau (EC2 6.3.2):

A =Dbh

Ae = (b —ter)(h— ter)

u=2b+2h

U = 2(b—tor) + 2(h — tof)

ter = A/u = 2 X cover to center

Trong d0, kich thudce tiét dién b, h va c dugc thé hién trong Hinh 2-2.
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Hinh 2-2. Pai kin va kich thuéc tiét dién khi thiét ké chiu xodn
2.4.3.3. Xac dinh kha niing chiu xoiin cuc han
Xodn trong tiét dién c6 thé dugc bd qua, v6i yéu cau ham luong cdt thép chiu cit tdi thiéu
(EC2.9.2.1.1), néu diéu kién cong thirc sau thoa man:

T 4 VEd <99 (EC2 6.3.2(5))

TRd,c VRd,c
Trong d6 Vg4 . dugc xac dinh ¢ muc tinh d6 bén chiu cat va Tr, - 1a md men chiu xodn nirt, dugc

tinh nhu sau:

Trae = fetafer 24k (EC2 6.3.2(1), 6.3.2(5))
Trong d6 t,s va f,¢q la cuong d6 bé tong chiu kéo thiét ké, xdc dinh nhu sau:
tes = A/u (EC2 6.3.2(1))
feta = Acefetko.0s/Ye (EC2 Eq. 3.16)

Trong d6 A va u di duoc dinh nghia & muc trudce, o, 1 hé s6 ké dén anh huéng dai han cia bé
tong chiu kéo, 1y bang 1.0 va f.x0 05 duoc tinh nhu sau:

fotko0s = 0.7 form (EC2 Bing 3.1)
2.4.3.4. Xac dinh c6t thép chiu xoén
Néu cong thirc & muc trude dugce thoa man, x0dn ¢6 thé dugc bo qua mot cach an toan (EC2
6.3.2(5)), v6i yéu cau ham luong cdt thép chiu cit tdi thiéu. Trong trudng hop dé, chuong trinh
bao cao rang khong can gia ¢d xodn. Tuy nhién, néu cong thirc d6 khong thoa mén, gia thiét rang

suc khang xoan dugc cung cap boi dai kin, thép doc, va ving nén bé tong.
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Néu cot thép chiu xoan c6 dang dai kin, lyc cat do moé men xoan nay, V;, dugc tinh todn trude,

theo dién tich ¢t thép dai yéu ciu nhu sau:

A Ve (EC2 6.2.3(3))

s Zfywacoto

V, = (h — tg) 1B con (EC2 6.3.2(1))

24k

Cot thép doc yéu cau chiu xodn dugc tinh nhu sau:

Teon = (1 — JEd )TRd,C (EC2 6.3.2(5))

VRd,c
T
Ay = ﬁcow Jj‘y—’; (EC2 6.3.2(3))

Trong d6 0 1 goc cua thanh chiu nén, gibng nhu mé ta ciia dam chiu cat. Khi tinh toan, 1iy @
bang 45 d6. Tiéu chuan cho phép lay tir 21.8 dén 45 d6 (EC2 6.2.3(2)), chuong trinh gia thiét
lay 45 d6.

Khi c¢ét thép chiu xoan duoc yéu cau, mot gia tri gidi han trén cta to hop luc Vi, va Ty chiu
boi tiét dién khong duoc vuot qua kha ning ctia thanh gian bé tong hay kiém tra cong thirc:

Tea  _VEd < (EC2 6.3.2(4))

TRd,max VRd,max

Trong d6 Trg max Stc khang xoan thiét ké 1on nhat:
Tramax = 2VQew feaAktesSinbcoso (EC26.3.2(4))
Néu cong thire trén khong thoa, mot théng bao pha hoai s& dugc dua ra. Trong trudng hop do,

tiét dién bé tong nén duogc ting kich thude.
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2.5. Thiét ké cot
So dd quy trinh thiét ké cot bé tong cbt thép theo EN1992-1-1 (EC2)

Xac dinh tai trong tac dung

Sai léch hinh hoc

Xéc dinh d6 manh A

Gi6i han d6 manh A,

. Yes

Kiémtra A>A . 2 Cong thém
i moment bac hai
vao Mg,

No

Xac dinh moé men thiét ké Mg,

Xay dung biéu d6 twong tac

Kiém tra ndi lyc trén biéu do tuong tac

Kiém tra cdu tao bd tri thép cot

2.5.1. Xac dinh tai trong tac dung
Tir két qua phén tich khung, thu dugc:

- N4 — luc doc thiét ké (axial design load).

- Miop, Mpottom — mO men thi€t k€ ¢ dau va chan cft theo ca 2 phuong chinh vudng goc voi

nhau cua tiét dién cot.

Céc hiéu g bac 1 (first-order effects) gom:

- M6 men do tai trong dugc 1ay tir md hinh phan tich khung.
- M6 men do sai I¢ch hinh hoc (imperfections).

Céc hiéu tng béc hai (second-order effects) gay ra boi su thay d6i hinh hoc c6 thé anh hudng

l6n dén ct chang han nhu cac cdt manh.

2.5.2. Sai léch hinh hgc (Imperfections)
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a1) Unbraced a2) Braced ACy

a) Isolated members with eccentric axial force or lateral force
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b) Bracing system c1) Floor diaphragm c2) Roof diaphragm

Figure 1. Vi du vé anh huong ciia sai léch hinh hoc do thang dirng
(Hinh 5.1 EN1992-1-1)
Theo muc 5.2 EN1992-1-1, c4c sai 1éch vé kich thudc tiét dién thuong da duoc ké dén trong hé
sO vat liéu nén khong can tinh dén trong phén tich két cau.
Sai 1éch hinh hoc khong can xem xét & trang thai SLS.
Tuy nhién sai 1éch do théng ding cua cot can duogc xem xét va duoc dai dién bai do nghiéng 6;:
0; = 0yana,, (Cong thirc 5.1- EC2)

Trong do:

Gia tri ban dau: 6, = 1/200

Heé s6 giam chiéu dai hodc chiéu cao:

2

2
ap=—=v0i -<a, <1.0

Vi3
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H¢ s0 giam theo s6 lugng cta cau kién:

= [0.5(1 !
Om = (+E)

[ 1a chiéu dai hoac chiéu cao thuc t€ ctiia cau kién
m la s0 luong cau ki¢n ding dong gop vao anh hudng tong.

Trong Cong thire 5.1, dinh nghia ctua [ va m phu thudc vao hi€u ing duoc xem xét, trong dé co6

thé phan biét ba truong hop chinh (xem thém Hinh 5.1):

- Hi¢u tng 1én cAu kién biét lap: | = chiéu dai thuc té cua chu kién, m = 1.

- Hiéu tng 1én hé giang: [ = chiéu cao toa nha, m = s céu kién thang démg gop phan tao nén
luc ngang tac dung 1én hé giang.

- Hiéu {mg san ctmg hodc mai cting phan phdi lai tai trong ngang: | = chiéu cao ting, m = s
cau kién thang ding trong cac tang gop phan tao nén tong lirc ngang tac dung 1én san.

Di v6i cac vach va cac cot doc 1ap trong hé gidng, a,, va a;, c6 thé liy bang 1.0, khi d6 6; =
6, = 1/200.
Déi v6i cac cau kién doc 1ap ¢ trang thai ULS, anh hudng cua sai 1éch hinh hoc ¢ thé duoc ké

dén bang 2 cach:
a) Ké dén nhu mot do léch tam, e; = 6;1,/2

Vi vay d6i véi cot doc 1ap trong hé giang, e; = 1,/400 co thé duoc sir dung.
b) Ké dén nhu mét luc ngang, H;

H; = 6;N d6i v6i hé khong giang

H; = 26;N = N /100 d6i v6i hé giang

Theo muc 6.1(4) EN 1992-1-1, toan bd cac cAu kién chiu nén déu phai chiu mét mé men léch
tAm toi thiéu:
eo = max(h/30,20 mm)
2.5.3. Xac dinh d9 manh A qua chiéu dai tinh toan (Effective length)
lo = Fl
I 1a chiéu dai thyc té clia cft.
Hé s6 F phu thudc diéu kién lién két dau cOt, cling nhu phuc thudc vao h¢ két cAu téng thé cua

cau kién 1a giang (braced) hay khong gidng (unbraced).
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a) b) o |f 9
\ \ b | Yoy
! | ;_.;J 2
w i=
vilf t
LA Vad v | 2 i
W |\ w4 | | N =

a)lh=1 b)lo=21 ¢)l=071 d)lb=1/2 e)lo=1 f)1/2<l<] g)ly>2I

Figure 2. Cac vi du vé cdc dang mat on dinh uon doc khéc nhau va chiéu dai tinh todn (chiéu
dai hitu hiéu) twong vng cua cac cau kién chiu nén lam viéc doc ldp (Hinh 5.7 EN1992-1-1)

D41 véi cac cau kién dugc giang (braced):

F=05 <1+ i )<1+ k2 )
e 0.45 + k, 0.45+ k,

D41 véi céc cau kién khong duge giang (unbraced):

F = 1410 x krka -(1+ i )(1+ i )
- max ki+thky, U 14k, 1+k,

Trong do:

<= (@) (7)
M\
6 = gboc xoay cua cdu kién lién két (restraining members) do mdémen udn M giy ra;

xem thém Hinh 5.7 (f) va (g) EN1992-1-1.

EI = d6 cting udn cua cu kién chiu nén, xem thém 5.8.3.2 (4) va (5) EN1992-1-1.
| = chiéu cao thong thuy (clear height) ctia cdu kién chiu nén gitra hai gdi lién két.
Ghi chu:

k = 0 1a giéi han 1y thuyét twong tng voi gbi cd dinh hoan toan (rigid rotational restraint),

va k = oo 1 gidi han cua trudong hop khong co lién két chdng xoay (no rotational restraint).

Vi trong thyc té rat hiém khi dat dugc lién két cd dinh hoan toan, gia tri tdi thiéu 0,1 dugce khuyén

nghi dung cho k; va k.
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EC 2: PD 6687 Cl.2.10 Concise: -

4
) Non failing From PD 6687
A 4 The contribution of ‘non failing’
§| k, at r columns to the joint stiffness
End 1| Failing column may be ignored
y k, at % For beams /M may be taken as
A End 2 v [/2EI (allowing for cracking in
[+— Non failing the beams)
column
777
k1= [EI/I]COl / [EZE[/ I]beams1 k2 = [EI/I]COI / [EZEI/ I]beamSZ

Assuming that the beams are symmetrical about the column and their
sizes are the same in the two storeys shown, then:
ky=ky, =[EI/Nyy / [2%X2ET/ Ny = 0.1

D¢ manh (Slenderness):

lo 1a chidu dai hitu hiéu cua cot.
Vi i 13 ban kinh quan kinh, i = \/I/A
- Tiét dién chit nhat: A = 3.46l,/h
- Tiét dién tron: A = 41, /h
2.5.4. Gi6i han d) manh cho phép (Mim)
Ayim = 20ABC/\n
Trong do:

1
A=

Néu khong xac dinh duoc ¢, > €O thé lay A = 0.7
Per lahé sb tir bién hitu hiéu, xem muc 5.8.4

B = J(1+2w)
Néu khong xéac dinh dugc w, c6 thé lay B = 1.1
w = Agfya/(Acfea), lati s6 cbt thép co hoc
A 1a tong dién tich thép doc.

C =17 — n,

Néu khong xac dinh dugc 7;,, ¢6 thé 1dy € = 0.7
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T'm = MOl/MOZ’ lé, ti S6 m6 men

My, My, 12 m6 men bac 1 tai mdi nat, [My;| = |My,|

Néu moé men nut My,va My, tao ra mit kéo & cing bén, 7,,, nén lay 1a gia tri dwong, nguoc lai
thi 1ay am.

Trong cac trudng hop sau ddy, 1., phai dugc lay bang 1.0 (tic 1a C = 0,7):

e d6i v6i cac cAu kién co gidng (braced members), trong 6 moémen bac nhét chi phat sinh,
hozc chil yéu xuat hién, do céc sai 1éch hinh hoc ban dau (imperfections) hodc tai trong
ngang;

o dbi voi cac cau kién khong giang (unbraced members) noi chung.

(2) Trong céac truong hop udn hai phuong (biaxial bending), tiéu chi d6 manh (slenderness
criterion) c6 thé dugc kiém tra riéng biét cho timg phuong.
Tuy thudc vao két qua kiém tra, hiéu Gmg bac hai (second-order effects) co thé:
(a) dugc bd qua ¢ ca hai phuong, hodc
(b) phai xét dén & mot phuong, hodc
(c) phai xét dén & ca hai phuong.
n = Ngg/(Acfea)
-Néul < Ay, — cot khong manh (stocky)
-Néu A > Ay, — cot manh (slender)
2.5.5. Xac dinh md men thiét ké Mgq (Str dung phwong phap dua trén d9 cong danh dinh
muc 5.8.8 EN1992-1-1)
Cot khong manh (Stocky):
Mgq = max(Moyz, Ngq€o)

Cot manh (Slender):

Mgq = max(Moy; Moe + Mz; Moy + 0.5M5; Nig e)
Trong do:
My, = min(lMtoplr |Mpottom|) + €iNgq
MOZ = max(lMtopl' |Mbottom|) + eiNEd

Moe = O.6M02 + 0.4M01 2 O.4’M02
M, = Ngqe;

1\ 2
= (3)e

Ngg 12 gia tri thiét ké cta luc doc (axial design force).
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e, la 46 vong (deflection), dugc tinh theo:

_ /) ¢}

e
z c

1/r (hoac y,-) 1a d cong — curvature, xem muc 5.8.8.3.
I, 1a chiéu dai tinh toan (effective length), xem muc 5.8.3.2.

(4) Dbi véi tiét dién khong d6i, gia tri ¢ = 10 (= m?) thudng duoc st dung. Néu mbémen bac
nhat (first-order md men) 1a khong d6i, thi nén xét gid tri ¢ nho hon (gia tri 8 1 gidi han nho

hon, twong tng véi momen tong cong khong ddi).
Chu thich:

Gi4 tri m2 twong (mg voi phan bd d6 cong dang hinh sin (sinusoidal curvature distribution). Gia
tri 8 tuong (mg v&i do cong khong di (constant curvature). Luu ¥ rang ¢ phu thudc vao phan bd

ctia tong do cong (total curvature distribution).

2.5.6. XAy dung biéu dd twong tic dé Kiém tra véi tai trong tac dung
Xay dung biéu do twong tac cua tiét dién cot bang cach quét toan bd kha ning chiu luc cua tiét
dién theo do siu ving nén va hudng nghiéng truc trung hoa. Tai mdi trang thai, tinh luc nén &
mo men cua bé tong va cot thép theo EN1992-1-1, hinh thanh biéu d6 khong gian 3D theo N—
Mx—My. Sau d6 v6i mdi trudng hop tai trong thiét ké, ndi suy vi tri giao ctia dudng tai trong voi
mat ngoai biéu d6 tuong tac 3D dé tim kha nang chiu lyc cuc han va ty 1¢ kha nang chiu lyc cua
tiét dién cot.
Quy trinh k¥ thuit tao biéu dd twong tac (interaction diagram) theo EN1992-1-1:
Bude 1: Chudn bj dit liéu dau vao
(1) Thong sb tiét dién

« Hinh dang tiét dién (polygon, chir nhat, tron...)

« Kich thudc tong thé: b, h

e Vi tri tim tiét dién (centroid)

« Kich thudc phan tir chia ludi tinh toan.
(2) Vatliéu

« Bé tong: cuong do chiu nén thiét ké cua bé tong f.4 = f-, / 1.5, bién dang cuc han cua

bé tong &, = 0.0035

o Thép: cudng do thiét ké cot thép f,,q = fyx / 1.15 va mo dun dan hoi thép E;.
(3) B tri cbt thép

e Toa d¢ tung thanh thép (x,y)
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e Dién tich ting thanh thép
o Téng dién tich thép bé tri Ag ¢oras
Buée 2: Tao luéi phan chia tiét dién
Chia tiét dién cot thanh tung phén ttr nho, moi phﬁn tir dugc phan loai 1a thudc vung nén
hay thudc vung kéo tuy theo vi tri truc trung hoa.
Bu6e 3: Tinh Idp theo dé sdu vimg nén chay tir 0 dén gid tri I6n nhat.
V6i méi mdi chiéu sau ving nén x, chay tinh lip budc 4 dugc trinh bay nhu sau:
Buoc 4. Lap theo goc nghiéng truc trung hoa (f = 0 — 2rx)
V&i mbi goc f va chiéu sdu ving nén x:
Bu6c 4.1. Phén logi 6 lwéi: Panh dau cdc phan tir thudc vimg bé tong chiu nén.
Budc 4.2. Tinh lvc & mé men bé tong tir cac phan tir bé tong chiu nén (M., M,):
Buéc 4.3. Tinh lwe & mé men cot thép (M, Ms,):
Vi tung thanh thép:
« Khoang cich d dén tryc trung hoa:
« Bién dang thép.
« Gi6i han (mg suét.
« Tinh ra m6 men cua thép trong tiét dién tir tng suat ctia thanh thép.
Buoc 4.5. Téng hop luc — mo men:
N = N, + N
My = My + Mg
M, = M, + M,

M, = ’(M:% + szz)

Bu6e 5. Hoan tat hinh thai 3D ciia biéu dé tiwong tdc N—-Mx—My
Sau khi két thiic 2 vong lap:
Co tat ca cac diém (N, M,, M,) day du cho moi cap (x,8)
BuGc 6. Vi méi cdp tdi trong thiét ké, tim khd nang chiu lwc twong iing
Véi mdi cap tai trong thiét ké da xac dinh tir muc 2.5.5:
Buéc 6.1. Tinh mé men tong hop can kiém tra:
Goc lam vige cua tai trong 6, = atan(M,,, M,)
BuGe 6.2. Vi méi viing nén x, néi suy theo f
Duyét qua tit ca diém g (0 - 2m):
5. Tim hai diém B ké nhau c6 goc 8 bao quanh 6,
6. Noi suy tuyén tinh theo 8
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— tim dugc:
7. Nmax » Mx;max» Mymax
8. Tim dugc Broundas Xfouna
Bucc 7. Tinh ty 1é kha nang chiu lic (Strength Ratio)

V6i tai trong thiét ké yéu cau (Ny;, My,):

)

\/(N%mx + Mrznax)
e SR <1.0- dat
e SR > 1.0 — khong dat
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3. Thiét ké theo ACI 318-14

3.1. CAc to hop tai trong thiét ké

Céc to hop tai trong thiét ké 1a cac t6 hop khac nhau cua cac truong hop tai trong ma két cau can
dugc thiét ké. D6i voi ACI 318-14, néu mot két cau chiu tinh tai (D), hoat tai (L), hoat tai mai
(Lr), tuyét (S), gi6 (W) va dong dat (E), dong thoi xem xét gio va luc dong dét c6 thé dao nguoc,
can xem xét cac t6 hop tai trong sau (ACI 5.3.1):

1.4D

1.2D + 1.6L + 0.5Lr

1.2D + 1.0L + 1.6Lr

1.2D + 1.6(0.75 PL) + 0.5Lr

1.2D + 1.6L + 0.5S

1.2D+1.0L + 1.6S

09D £ 1.0W

1.2D + 1.0L + 0.5Lr + 1.0W

1.2D + 1.6Lr £ 0.5W

1.2D + 1.6S £ 0.5W

12D+ 1.0L 4+ 0.5S £ 1.0W

09D £ 1.0E

1.2D +1.0L +0.2S + 1.0E

3.2. Gi6i han d9 bén ciia vat liéu

Cuong do chiu nén cua bé tong, f;, khong dugc nho hon 17Mpa (ACI 19.2.1, Bang 19.2.1.1).
Gi61 han trén cua cuong do chay cua cbt thep, f,, duge léy béng 550Mpa (ACI 20.2.2.4a, Bang
20.2.2.4a) va gidi han trén ctia cuong do chiu cit cua cdt thép, fye, duge 14y bang 420MPa (ACI
21.2.2.4a, Bang 21.2.2 4a).

Ngudi ding chiu trach nhiém dam bao rang cudng do tbi thiéu va tdi da dugc dap tng

3.3. Cac hé s an toan tirng phan

Céac hé s gidm cuong do, ¢, dugc ap dung cho cuong do xac dinh dé dat duoc cuong do thiét
ké cho mot cau kién. Céc hé s6 ¢ cho udn, cit va xoin nhu sau:

d = 0.90 ddi v&i udn (kiém soat kéo) (ACI 21.2.1, Bang 21.2.1).

d = 0.75 ddi véi lyc cat va lyc xoan (ACI 21.2.1, Bang 21.2.1).

Cac gia tri nay co thé diéu chinh duoc; tuy nhién, nén than trong.

3.4. Thiét ké dam

3.4.1. Thiét két cot thép chju udn
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C6t thép chiu udn trén va dudi dim duoc thiét ké tai mdi vi tri doc theo dam. Khi thiét ké cot
thép chiu udn cho mé men chinh ctia mot dam cu thé, cho mot vi tri cu thé, can thuc hién cac
budc sau:
- Xac dinh mo6 men tinh toan.
- X4c dinh c6t thép chiu ubn yéu cau.
3.4.1.1. Xac dinh m6 men tinh toan
Trong thiét ké c6t thép chiu udn cia dim bé tong, dim duoc thiét ké cho cac mdé men 4m va
duong 16n nhat thu dugc tir tit ca cac to hop tai trong. Tinh toan cbt thép dudi dam dua trén
momen duong ctiia dim. Tinh toan cbt thép trén dwa trén mdé men 4m cua dam.
3.4.1.2. Xac dinh c6t thép chiu udn yéu ciu
Trong quy trinh thiét ké ddm chju udn, chuong trinh tinh toan ca ¢t thép chiu kéo va cdt thép
chju nén. C6t thép chiu nén dugc thém vao khi mé men thiét ké vuot qué kha nang chiu mé men
16n nhit ctia dam chi c¢6t thép chiu kéo. Ngudi dung co thé chon tranh thém cdt thép chiu nén
béng cach tang chiéu cao hitu hiéu ctia dam, bé rong hoac cudng do cua bé tong.
Quy trinh thiét ké dua trén khéi ing suét hinh chir nhat duge don gian hoa nhu trong Hinh 3-1.
Dién tich khdi g suat va chiéu cao khdi chiu nén liy nhu sau:

F. = 0.85f".ab (ACI22.2.24.1)

a=p;c

Trong d6 ¢ 1a chiéu cao cta truc trung hoa. Hé sé B; dinh nghia chiéu cao hiéu qua cta ving
chiu nén va hé s 0.85 dinh nghia cudong do hi€éu qua dugc cho nhu sau:

0:05(fe=4000) ' 65 < g < 0.85 (ACI22.2.2.4.3)

Bl = 0.85 - 1000

Gia tri cua ¢ duoc lay nhu gia tri d6i vai tiét dién kiém soat kéo, dwge mic dinh 1a 0.90 (ACI
9.3.2.1).
Gi4 tri 10n nhat cta chidu cao ving nén c¢,,,, duoc tinh dwa trén gisi han cta bién dang cbt thép

chiu kéo khong nhé hon &gy, bang 0.005 dé kiém soat ing xir kéo (ACI 21.2.2, bang 21.2.2):

Cmax — gcmax
cmax 1 Esmin
Trong do;
Eemax = 0.003
Esmin = 0.005

Gi4 tri 16n nhét cho phép ctia khéi nén hinh chit nhat, a4y, duge cho bai:

Amax = B1Cmax
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Hinh 3-1. So' d6 bién dang va g sudt trong dam chit nhdt khi thiét ké chiu uon

Gia dinh kha ning chiu mé men cua dam cbt thép don 1a M = |M,,|, dua trén biéu dd trén ta co:
a
M = §F, (d - E) = $0.85f".ab(d — 0.5a)

Ta c6 phuong trinh bac 2 bién a nhu sau:

5 2M

a® — 2da + W =0

Phuong trinh trén c6 nghiém khi:
A= d* — M 0
Tfeab —
Nghiém a khi do la:
2M  \%°
a=d-— (dz — m)
Suy ra:
c=a/py

Luew y: khi A < 0 tike la tiét dién khéng di kha ning chiu mé men va bi phd hoai, chirong trinh
sé dwa ra théng bdo phd hoai cho tiét dién va ngueoi diing can tang chiéu cao hitu hiéu cia dam,
bé réng hodc cuong do ciia bé tong.

So sanh a vo1 a,, .y,

- Néu a khong 16n hon a4, ta co:

T, = fyAst
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M
of(d~3)

- Néu a 16n hon a,,, thi chimg t6 tiét dién can thém ct thép chiu nén ¢ ving bé tong chiu nén

M = (st(d_%) - Ay =

vi chi bé tong v6i viing cao bang a,,,, thoi thi khong di, lic nay tinh mo men theo trong tim

cua cot thép chiu nén ta co:

M= [T@d—d) - (22— a)]

o M= (1) [Astfy(d d’ ) — 0. 85f bamax (amax d,)]

2
M + 0.85f" bayqy (752 - d')

bfy(d—d)

- Ay =

Tinh dién tich thép chiu nén can thiét:

fre = min(fy, &5 E) = min ( f,, “emexfemar=2) (4C19.2.1.2,9.52.1,202.2,22.2.12)
Cs = focAse
F, = 0.85f .ayaeh (ACI22.2.2.4.1)
Tir phwong trinh cin bang ta c6:
Z C= Z ToeFR+(=T< 0'85f,6bamax + Ascfoc = fyAst

_ 0.85f" bamax + Astfst
SC ﬁgc
3.4.1.3. Ham lwong c6t thép tdi thiéu va toi da

- A

Ham luong t6i thiéu cua bt thép chiu udn thé chiu kéo, duoc yéu cau trong tiét dién dam 1a gia

tri nho hon trong céc gia tri gioi han sau:

0.25_|f/
Ag min = Max ( bd,~2bd (ACI 9.6.1.2)
’ Iy Iy
4
Asmin 2 3 As(required) (ACI9.6.1.3)

Gidi han trén cua cdt thép thd chiu kéo va thé chiu nén, Ag 4,4y, 12 0.04 lan dién tich tiét dién
nguyeén.
3.4.2. Thiét két cot thép chiu cit
C6t thép chiu cét dugc thiét ké cho mdi to hop tai trong tai mdi vi tri doc chiéu dai dam. Khi
thiét ké cbt thép chiu cit cho mot dam cu thé, ddi véi mot td hop tai trong cu thé, tai mot vj tri
cu thé do luc cat chinh ciua dam, can thuc hién cac bude sau (EC2 6.2):

e Xac dinh luc cat tinh toén, V.

e Xéc dinh khéa nang chiu cit clia bé tong, V..
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e Xic dinh cdt thép chiu cit yéu cau.
3.4.2.1. Xdc dinh lic cdt tinh todn
Trong thiét ké ct thép chiu cit cua dﬁm, luc cit cho mdi td hop tai trong tai mot tram dam cu
thé c6 dugc bang cach tinh cac luc cat twrong g cho cac trudng hop tai trong khac nhau voi cac
hé s t6 hop tai trong twong mg.
3.4.2.2. Xdc dinh khd nang chiu cit ciia bé tong

Khé nang chiu cat cua bé tong, Vzg ., dugc tinh nhu sau:

Ve =017(1+ %) /fibd (ACI 22.5.5.1)

Vi gia tri gidi han ctia \/E < 8.3 MPa (ACI22.5.3.1)
Trong do:
N, 14 Iyc doc vudng goc voi mat tiét dién va xay ra dong thoi véi V,, 14y gié tri dwong cho truong
hop lyc nén va am cho truong hop luc kéo.
fc c6 don vi la MPa.
3.4.2.3. Xdc dinh dign tich cét thép chiu ciit yéu ciu
Gia tri lyc cat dugc gidi han boi gia tri:
Vinax = V. + (0.66,/f))bd (ACI22.5.1.2)
Cho biét V,,, V., V.14, va v6i ¢ = 0.75 1a hé s6 giam cuong d6, cudng do cdt thép chiu cat dugc
gi6i han dén 420Mpa ngay ca khi sir dung c6t thép co cuong do 16n hon. Dién tich cdt thép chiu
cit duoc tinh nhu sau:

- NéuV, <0.5¢V,,

=0 (ACI9.6.3.1)
- Néu0.5¢V, <V, < ¢Vans
Ay _ Yu—9Ve (ACI22.5.1.1,22.5.10.1, 20.5.10.5.3)
S ¢fytd

- NéuV, = ¢V,qn, tiét dién bi pha hoai, luc ndy can phai ting kich thudc cua tiét dién lén.

Ham luong cbt thép chiu cat tdi thiéu:

0.062 |f/
v = max (b,L%b (ACI9.6.3.3, Bang 9.6.3.3)
S Tyt Tyt

3.4.3. Thiét két cot thép chiu xoin

C6t thép chiu xoan dugce thiét ké cho timg t6 hop tai trong thiét ké tai mdi dai doc theo chiéu dai
dam. Céc budc sau day lién quan dén viéc thiét ké cbt thép doc va cdt thép chiu cit cho mét vi
tri cu thé do dam xodn:

- Xac dinh m6 men xo0an tinh toan, T;,.
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- Xac dinh cac thudc tinh cua tiét dién.

- Xac dinh kha nang chiu xoan cuc han.

- Xac dinh cdt thép chiu X04an yéu cau.
3.4.3.1. Xac dinh mé men xoin tinh toin
Trong thiét ké ct thép chiu xo0dn cho dam, xodn cho mdi t6 hop tai trong tai mot vi tri dam cu
thé co dugc bang cach tinh cac xoin twong tng cho cac truong hop tai trong khac nhau véi cac
hé s6 t6 hop tai trong turong tng (ACI 9.4.4.2).
Trong két cdu khong xéc dinh tinh, noi c6 thé xay ra su phan bb lai luc xoan trong cau kién do
su phan bd lai ndi luc khi nit, T, thiét ké duoc phép giam theo tiéu chudn (ACI 22.7.3.3). Tuy
nhién, chuong trinh khong ty dong phan phéi lai noi Iyc va giam T,,. Néu mudn phan phdi lai,
ngudi ding nén giai phong mirc do tu do xodn (DOF) trong phan mém c6 thé phan tich ndi luc
két cau.
3.4.3.2. Xac dinh cac thudc tinh cia tiét dién
Doi véi thiét ké xodn, cac thudc tinh tiét dién ddc biét, chang han nhu Ay, Aop, Ao, Dep VA Dh,
dugc tinh toan. Cac thudc tinh nay duwoc mo ta trong phan sau (ACI 2.2).
Agp = Dién tich duge bao boc bai chu vi ngoai cua mat cat ngang bé tong
A, = Dién tich dugc bao quanh boi dudng tdm ciia ¢dt thép chiu xodn ngang ngoai cling
A, = Tong dién tich duoc bao quanh bai dudng cit dong chay
Pcp = Chu vi ngoai cung ctia mat cit ngang bé tong
p, = Chu vi dudng tim ciia c¢bt thép chiu lyc xodn ngang khép kin ngoai cung.
Khi tinh toan céc thudc tinh ctia phan lién quan dén cdt thép, ching han nhu A,p,, A, va py,, gia
dinh ring khoang cach giira dudng tim cua thanh dai kin ngoai cing va bé mit bé tong ngoai
cung 1a 50mm. Piéu nay twong dwong voi khoang bao vé 38mm va mot dai kin 12mm. Véi gia

thiét nay, cac thudc tinh dic biét cho tiét dién dam hinh chir nhat dugc cho nhu sau:

Acp = bh (ACI 2.2, R22.7.5)
Ay = (b—2¢)(h—20) (ACI 2.2, R22.7, Fig R22.7.6.1.1)
A, = 0.854,, (ACI 2.2, R22.7.5)

Dep = 2b + 2 (ACI 2.2, R22.7.5)

pn = 2(b — 2¢) + 2(h — 2¢) (ACI 2.2, R22.7.5)

Trong do, kich thudc tiét dién b, h va ¢ dugce thé hién trong Hinh 3-2.
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Hinh 3-2. Dai kin va kich thuéc tiét dién khi thiét ké chiu xodn
3.4.3.3. Xac dinh kha niing chiu xoiin cuwc han
Ngudng giéi han xodn T, va gidi han xoan nirt T, ma xoan trong tiét dién c6 thé bo qua duge

tinh nhu sau:

2
Ty, = 0.083/F) (A—g> 14+ (ACI 22.7.4.1, Biang 22.7.4.1a)
Pep 0.33Jf_g
2
T, = 4% 0.083./f (:—g) 1+ (ACI22.7.5.1g, Bing 22.7.5.2)
cp

0.33Jf:’

Trong do f, 1a ung suit nén bé tong tai trong tm cua tiét dién; ¢ = 0.75 1a hé sd giam cudng
dd cho xoén, f/ 1a cuong d6 chiu nén cta bé tong.

3.4.3.4. Xac dinh c6t thép chiu xoin

Néu d6 xodn tinh toan T,, nho hon gii han ngudng, T}, dd xodn ¢ thé duoc bod qua mot cach
an toan (ACI 22.7.1.1, 9.6.4.1). Trong truong hop d6, chuong trinh bao cao rang khong can gia
c¢b xodn. Tuy nhién, néu T, vuot qua giéi han ngudng, T, gia thiét rang strc khang xoin dugc
cung cap boi dai kin, thép doc, va ving nén bé tong (ACI 22.7.1, 22.7.6.1). Luu ¥ ring cudng
do cbt thép doc, fy va cuong do cot thép ngang, fye> duge gisi han ¢ 420MPa (ACI 20.2.2.4a),
ngay ca khi dac tinh vat liéu dugc xac dinh véi gia tri cao hon.

Néu T, > T,,, cit thép dai kin yéu cau duoc tinh toan nhu sau:

A _ Tytan®

= (ACI 22.7.6.1)
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Va dién tich cbt thép doc dugc tinh nhu sau:

_ Tubh
L= (ACI 22.7.6.1)

T IR 5 Ao . A Ao As 1 s R
Trong do, gia tri nho nhat ctua ?t duogc lay to1 thi€u nhu sau:

A min 2 % - (%) () (ACI 9.6.4.3a)

0.42 /f;Acp 0.175b f
Al,mln = fy ( fyt )ph (fy) (ACI 9643]3)

Goc 0 duoc lay bang 45 do. Tiéu chuan cho phép lay bat ki gia tri nao tir 30 dén 60 do.
Mot gia tri gi6i han trén cia to hop V, va T, dugc thuc hién cho tiét dién béng cach kiém tra

cong thirc:

AYNETIRY Ve ,

J () + (—1-7A?,h> < ¢ (= +0.66/f) (ACI 22.7.7.1a)

Néu su két hop cua V, va T, vuot qua giéi han nay, mot thong bao 16i s& duoc dua ra. Trong
truong hop do, tiét dién bé tong nén duoc ting kich thude.

Khi yéu cau cdt thép chiu xoan (T, > T, thi dién tich cot dai ngang kin va dién tich c6t thép

chiu cat déu phai théa man gioi han sau.

f
(%24 22) 2 max{ 0.062 £ b, 25 (ACI 9.6.4.3b)
S S fye Iy

Néu phuong trinh nay khong théa mén véi A, /s va A, /s dugc tinh toan ban dau, 4, /s s& duoc
ting 1én dé thoa man diéu kién nay. Trong truong hop do, A, /s khong can phai dap tmg ACI
Muc 9.6.6.3 mot cach doc lap.
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