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TUYEN BO MIEN TRU TRACH NHIEM

THOI GIAN, CONG SUC VA CHI PHI PANG KE PA PUQC 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 PUOC 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 DAP CHO CAC KHIA CANH KHONG PUOC GIAI QUYET.

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

1.1. Céc t6 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 cu can
duoc thiét ké. Boi voi TCVN 2737-2023, néu mot két cdu chiu tinh tai (D), hoat tai phuong tién
giao théng va vit liéu, san pham chat kho (La), hoat tai phan bb déu néu trong muc 8.3.1 TCVN
2737-2023 (L), gi6 (W) va dong dat (E), dong thoi xem xét gid va luc dong dat cé thé dao
nguoc, can xem xét cac to hop tai trong sau:

Yo(1.1D + 1.2L, + 1.3Lp)

Yo (1.1D £ 1.2W)

Yall1D + 09 x (1.2L4 + 13Lg + 2.1W)]

Yo(D £ 1.0E)

Yn(D £ 1.0E + 0.3L4 + 0.3Lp)

Trong do:

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

Bang H.1 — Gia trj t6i thiéu ctia hé s6 tim quan trong y,

Cép hau qua ctia cong trinh | Mtrc do quan trong ctia cong Gia tri yn
trinh
Cl Thap 0,87
C2 Trung binh 1,00
C3 Cao 1,15

CHU THICH: Ddi v4i nha cao trén 250 m va mai nhip 16n (khong cé tru trung gian) voi nhip
16n hon 120 m thi hé s y, 1y khong nho hon 1,2,

1.2. Thiét ké dam

1.2.1. Thiét két c6t thép chiu udn

C6t thép chiu ubn trén va dudi dam dugc thiét ké tai mdi vi tri doc theo dam. Khi thiét ké cot
thép chiu udn cho mé men chinh cua mot dam cu thé, cho mot vi tri cu thé, can thuc hién céc
budce sau:

- Xac dinh mo6 men tinh toan.

- X4c dinh c6t thép chiu ubn yéu cau.

1.2.1.1. Xac dinh m6 men tinh toan

Trong thiét ké ¢t thép chiu udn ciia dam bé tong, dam dugc thiét ké cho cac mé men 4m va
dwong 16n nhat thu dugc tir tat ca cac to hop tai trong. Tinh toan c6t thép dudi dam dua trén

momen duong ctia dam. Tinh toan cot thép trén dya trén mo men am cta dam.
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1.2.1.2. Xéc dinh c6t thép chiu uén yéu ciu
Trong quy trinh thiét ké dam chju udn, chuong trinh tinh toan ca cbt thép chiu kéo va ¢t thép
chju nén. Cét thép chiu nén dugc thém vao khi mé men thiét ké vuot qué kha nang chiu mé men
16n nhét ciia dam chi c6 c6t thép chiu kéo. Nguoi ding c6 thé chon tranh thém cbt thép chiu nén
bang cach ting chiéu cao hitu hiéu ctia dAm, bé rong hodc cudng do cta bé tong.
Quy trinh thiét ké dwa trén khdi ing suit hinh chir nhat duoc don gian héa nhu trong Hinh 1-1.
Dién tich khéi g suat va chiéu cao khdi chiu nén liy nhu sau:

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

X 0.8
=R (TCVN 5574 8.1.2.2.3)
hO 1+ Es,el/gbz

SR
Trong do:
xg 1a chidu cao gi6i han ctia viing bé tong chiu nén
Eser la bién dang tuong ddi cua cdt thép chiu kéo khi Gmg suit bang R;:

Rs

el = (TCVN 5574 8.1.2.3.2)

£, 12 bién dang twong d6i cia bé tong chiu nén khi tmg suit bang Ry, 1y theo cac chi dan trong
TCVN 5574 6.1.4.2 khi c6 tac dung ngan han cua tai trong, duoc 1y nhu sau:
£y = 0.0035, d6i v6i bé tong ¢ cip do bén chiu nén tir B60 trd xudng.

g2 = 0.0033 = 0.0028, d6i v6i bé tong c6 cip do bén chiu nén tir B70 dén B100.

- ) R ! Al
=T Ra |
M — _______ ] ! | A
C"*;:-.:‘g» """"""" 2 B "T'.";-\s
RoAs | ./
RAs J :/
® b
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Hinh 1-1. So d6 néi luc va biéu do ung sudt trong tiét dién thcfng goc voi truc doc
cdu kién bé tong cot thép chiu uon khi tinh todn theo dg bén (TCVN 5574 5574:2018)
Gia dinh kha ning chiu mé men cta dam cét thép don1a M = |M,,|, dya trén biéu do trén ta c6:
M = F.(hy — 0.5x) = Rybx(hy, — 0.5x)
Ta c6 phuong trinh béc 2 bién x nhu sau:

2 _2h +2M 0
X< = X+——=
" T R,b

Phuong trinh trén c6 nghi¢m khi:

. 2M

Nghiém x khi do la:

Luu y: khi A < 0 tiee la tiet dién khong du kha nang chiu mé men va bi pha hoai, chwong trinh
sé dira ra thong bdo phd hoai cho tiét dién va nguoi ding can tang chiéu cao hivu hiéu ciia dam,
bé réng hodc cuong do ciia bé tong.

Ta c6 gia tri chiu cao twong doi cua vung chiu nén ctia bé tong:

X
R
So sanh & véi &g:
- Néu ¢ khong 16n hon &g, ta co:
Ts = RsAs
M = Ts(ho—g) —>Ast=Lx
R (ho = 3)

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

chiu nén ta co:

M= [Ts(ho —a')—F (%R - a)]

= [ttt Ry (B

M + Rybxg (XTR — a’)

Rs (ho - a,)

- Ay =

Tinh dién tich thép chiu nén can thiét:

eoE(xp —a’
Rg. = min (R, &.E5) = min <RSC, b2Es O )>

XR
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Cs = RgcAsc
Tir phuong trinh can bang ta c6:
ZC =ZT<—>FC+CS =Ts © Rybxp + AgcRsc = R;Ag

Rbbe - AstRs
Rsc

- Age =

1.2.1.3. Ham lwong ct thép toi thiéu va tdi da
Ham lugng tdi thiéu cua cot thép chiu udn thd chiu kéo, duoge yéu cau trong tiét dién dam chiu
ubn la:
Agmin = 0.001bh, (TCVN 5574 10.3.3.1)

D6i v6i dam c6 tinh toan khang chén thi gia tri ham luong tdi thiéu duge quy dinh trong TCVN
5574 9386-2012.
Gi6i han trén cua cot thép thd chiu kéo va thé chiu nén, Ag nqx, 12 0.04 1an dién tich tiét dién
nguyén.
1.2.2. Thiét két cot thép chiu cat
C6t thép chiu cit duogc 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 voi mot td hop tai trong cu thé, tai mot vi tri
cu thé chiu luc cét chinh cta dam, can thuc hién cac bude sau (TCVN 5574 8.1.3):

e Xac dinh luc cit tinh toan, Q.

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

e Xéc dinh cdt thép chiu cit yéu cau.
Tinh todn cau kién bé tong cdt thép chiu ubn theo tiét dién nghiéng (Hinh 1-2) dwgc tién hanh
theo diéu kién:

Q < Qp+Qsy (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 d6 néi luc khi tinh todn cdu kién bé tong cot thép theo tiét dién nghiéng chiu tac
dung ciia lwc cat (TCVN 5574 5574:2018)
1.2.2.1. Xdc dinh lwc cit tinh todn
Trong thiét ké cbt thép chiu cit cua dém, luc cit cho mdi td hop tai trong tai mot tram dam cu
thé c6 dugc bang cach tinh cac luc cit twong Gmg cho cac trudng hop tai trong khac nhau véi cac
hé s6 t6 hop tai trong twong tmg.
1.2.2.2.Xdc dinh khd néng chiu cit ciia bé tong

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

2
Qp = L2Ren (TCVN 5574 8.1.33.1)

Nhung khong 16n hon 2.5R,;bh, va khong nho hon 0.5Ry,:bhy,
Trong do:
@p2 1a hé s6, ké dén anh hudng cla cot thép doc, luc bam dinh va dac diém trang thai Uing suét
ctia bé tong nam phia trén vét nut xién, lay bang 1,5.
Luc cat Qg,, d6i v6i cot thép ngang nam vudng goc véi truc doc ciu kién duoc xac dinh theo
cong thirc:

Qsw = PswqswC (TCVN 5574 8.1.3.3.1)
trong do:
®sy 12 hé b, ké dén su suy giam ndi luc doc theo chiéu dai hinh chiéu cua tiét dién nghiéng C,
lay bang 0.75;
@sw 12 luc trong ¢t thép ngang trén mot don vi chiéu dai cau kién, duoc xac dinh theo cong
thure:

RSWASW

qSW -

SW
Cén tién hanh tinh toan déi vai mot loat tiét dién nghiéng, nam doc theo chiéu dai cau kién, voi
chiéu dai nguy hiém nhat cta hinh chiéu tiét dién nghiéng C. Khi d6, chiéu dai hinh chiéu C
trong cong thic (91) 14y khong nho hon h, va khong 16n hon 2h,.

Pp2Rp bh§
Qp + Qs = %

Coi vé phai 1a mot ham s6 y = f(C), dao ham ham s6 y = £(C), ta co:
, PpaRpebh§
f ) = _T t Pswsw
Ham s6 y = f(C) c6 gia tri nho nhét khi £'(C) = 0, hay ta co:
Pp2RpcbhG
-

+ OswqswC

+ Oswqsw =0
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Thay lai C vao phuong trinh ta co:

Q=0+ Qs = 2\/(Pb2Rbtbh(2)(<psquw)

QZ
Powlsw = 4‘Pb2Rbtbh(2)
_ 2¢p2RpbhG
-C = —a

Tur gid tri cua C, thay nguoc lai vao cong thirc tinh dugc Q.
1.2.2.3. Xdc dinh di¢n tich cét thép chiu ciit yéu ciu
Gia tri luc cat dugc gidi han boi gia tri:
Qmax = Pp1RpbA, (TCVN 5574 8.1.3.2)
Trong do:
©py 12 hé sb, ké dén anh hudng cua dic diém trang thai Gng sudt cua bé tong trong dai
nghiéng, 1iy bang 0,3

Dién tich cbt thép chiu cit duoc tinh nhu sau:

- NéuQ < Qy,
Agy -0
Sw
- Néu Qp» < Q = Qmax;
Qsw =0Q — Qp
Qsw RswAsw _ Qsw Agy _ Qsw _ Q—0Qp
- = -

= 4sw =

oswC  Sw ®swC  Sw ®swCRgw  9awCRg,

- Néu Q > Q,4x. tiét dién bi pha hoai, lac nay can phai ting kich thudc cua tiét dién 1én.
Tham khao thém TCVN5574 10.3.4 dé nam rd cac yéu cau vé bd tri thép dai cho dam.
1.2.3. Thiét két cdt thép chiu xoan
Cot thép chiu xoan duoc thiét ké cho tung to hop tai trong thiét ké tai mdi dai doc theo chiéu dai
dam. Cac budc sau day lién quan dén viéc thiét ké cbt thép doc va cot thép chiu cit cho mot vi
tri cu thé do dam xodn:

- Xéc dinh m6 men xoén tinh toan, T,,.

- Xéc dinh cac thudc tinh cua tiét dién.

- Xaéc dinh kha nang chiu x04n cuc han.

- Xac dinh c6t thép chiu xodn yéu cau.

1.2.3.1. Xac dinh md men xoin tinh toan
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Trong thiét ké cot thép xo0an dim, xodn cho mdi to hop tai trong tai mot vi tri dam cu thé c6 duoc
bang cach tinh cic xodn tuong tng cho cac truong hop tai trong khac nhau véi cac hé sb t6 hop
tai trong tuong ung.
1.2.3.2. Xéc dinh c6t thép chiu xoin thuin tiy
Tmax = 0.1Rpb%h (TCVN 5574 8.1.4.2.1)
Trong do:
b va h 14n luot 1a canh nho va canh 16n cua tiét dién ngang cua cAu kién.
Néu mé men xodn 16n hon gié tri Ty, thi tiét dién s& bi pha hoai, can phai ting tiét dién.

a) Cét thép chiu kéo
nam & canh dwéi

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

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

Trong do:

T 1a m6 men xo0dn trong tiét dién khong gian, dugc xac dinh do tat ca ngoai luc nam & mot phia
ctia tiét dién khong gian;

T,,, 14 md men xoan chiu boi cbt thép (cua tiét dién khong gian) nam theo phuong ngang so véi

truc cau kién;
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T, 12 md men xodn chiu bai cbt thép (cua tiét dién khong gian) nim theo phuong doc truc cau
kién.
M6 men xoén Ty, duge xac dinh theo cong thirc:

Tsw = 0.9Ny,, Z, (TCVN 5574 8.1.4.2.2)

Con md men xoan Ty dugc xac dinh theo cong thirc:

T, = 0.91vs%z2 (TCVN 5574 8.1.4.2.2)

Trong do:
Ny, 13 luc trong c6t thép nam theo phuong ngang so véi truc doc ciu kién; d6i véi cot thép nam

vuong goc voi truc doc thi lyc Ny, duge xac dinh theo cong thirc:

Nsw = qsw1Csw (TCVN 5574 8.1.4.2.2)
qsw,1 1a luc trong cdt thép ngang nay tinh trén mot don vi chiéu dai ciu kién:
_ stAsw,l
Asw1 = — -
SW

Agy 1 1a dién tich tiét dién cdt thép nam theo phuong ngang véi truc doc cAu kién;
s, 1a bude ¢t thép nam theo phuong ngang véi truc doc cau kién;
Csyw 12 chiéu dai hinh chiéu ctia canh chiu kéo cua tiét dién khong gian 1én truc doc cau kién:
Csw = 6C
& 12 hé sd, ké dén ti 18 cac canh cua tiét dién ngang:
5=
27, + 7,

C 1a chiéu dai hinh chiéu cua canh chiu nén cua tiét dién khong gian Ién truc doc cAu kién.
N; 1 Iyc trong ¢t thép doc ndm gan bién dang xét ciia cau kién:

Ny = R4,
Ag 1 1a dién tich tiét dién ct thép doc nam gan bién dang xét ciia cau kién;
Z, va Z, 1an luot 12 chiéu dai canh cua tiét dién ngang & bién chiu kéo dang xét ctia cdu kién va
chiéu dai canh con lai cua tiét dién ngang cua cAu kién.
Can tién hanh tinh toan véi mot loat tiét dién khong gian nam doc chiéu dai cdu kién, véi chiéu
dai nguy hiém nhét cta hinh chiéu tiét dién khong gian C 1én truc doc ciu kién. Khi d6, gia trj C
ldy khong 16n hon 27, + Z; va khong 16n hon Z;/2/8.

Ta co:

A A
T < Ty +Ts = 09N, Z, + 0.91vs?1z2 = 0.9q5y 1 CswZz + 0.9RAs 1 ?122
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= 095157 ZZer 7 CZ, + 0.9N, %Zz = O'ZqZSZWiZlezz + 0'9N22122
Coi vé phai 1a mot ham s6 y = £(C), dao ham ham s6 y = f(C), ta co:
0.9N;Z1Z, 0.9qs17Z1Z,
cz T 27, + 7,
Ham s6 y = f(C) o gia tri nho nhat khi f'(C) = 0, hay ta c6:
0.9N,Z1Z, 0.9qg,1Z1Z,
Tz T4z,

C= Ns(2Z; + Z4)
CIsw,l

Tisb Qsw,1Z1/Ns lay trong khoang 0.5 dén 1.5. Trong truong hop ndy, néu gia tri Qsw,1Z1/Ns

f10) =-

nam ngoai khoang dé thi trong tinh toan can ké dén sb lugng cbt thép (doc va ngang) ma ting
v6i nd gia tri nady nam trong khoang néu trén. Ky su s& tily chon ti 18 nay dé c6 ti 16 ham luong
bb tri thép dai va thép doc pht hop voi yéu cau thuc té. Goi ti 16 nay 1a k. Ta co:

qsw 121 qsw 121
) — k N — )
N, R

C= Ns(2Z, + Z,)  |Z,(2Z; + Z4)
QSw,l k

Luu y gia tri giéi han cta C dugc quy dinh ¢ ddu muc nay. Do d6 sau khi tinh duoc C, dya 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 =
W27, + 74

Qsw,1Z1 21
— -7
k ¢ 72

Z
T =Ty + T, = 0.9N,,Z, + O.9NS?122 = 0.9q5y1CewZz + 0.9

Zt
T = 0-9Zquw,1 CSW + R

T

= qsw,1 = 72
0.97, (CSW + ﬁ)

Cot thép dai chiu xoan yéu cau:

SW RSW
C6t thép doc chiu xo0dn yéu cau:
A — & — CIsw,lzl
SLT R, T kR
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Tinh ¢t thép chiu mé men xoén cho 2 trudng hop Z,, va Z, ddi vai tro cho nhau rdi 1dy gia tri
16n nhét cho két qua kha ning chiu xodn cua tiét dién.
1.2.3.3. Xac dinh cdt thép chju xoin udn dong thoi
Khi ciu kién chiu ubn xodn ddng thoi, tién hanh dua vao cong thic sau cia TCVN 5574

8.1.4.3.2:

2
T<To|1- (=) (TCVN 5574 8.1.4.3.2)

Trong do:
T 1a m6 men xoan do ngoai lyc tic dung trong tiét dién khong gian
T, 1a md men xoan giéi han ma tiét dién khong gian ¢ thé chiu dugc
M 12 m6 men udn do ngoai lyc tac dung trong tiét dién thang goc;
M, 12 m6 men uén gi¢i han ma tiét dién thang goc cé thé chiu duoc
Céc budc tinh toan nhu sau:
Tinh M, dua vao muc 1.4.1 cta tai liéu ndy, sau d6 tinh dugc mdé men xoan can thiét cua tiét
dién nhu sau:
T

1= ()

Tir d6 dwa vao muyc 1.2.3.2 cia tai liéu nay dé tim dugc c6t thép dai va cot thép doc can thiét cho

TO =

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

8.1.4.3.2:

Q 2
T<T,|1- (—) (TCVN 5574 8.1.4.4.1)

Trong do:

T 1a md men xoin do ngoai luc tic dung trong tiét dién khong gian

T, 12 md men xodn gi6i han ma tiét dién khong gian co thé chiu dugc

Q 1a luc cit do ngoai luc tac dung trong tiét dién thing goc;

Qo 14 luc cat giéi han ma tiét dién thang goc ¢ thé chiu duoc

Céc budec tinh toan nhu sau:

Tinh Q, dua vao muc 1.2.2 cua tai li¢u nay, sau d6 tinh dugc mé men xoan can thiét cua tiét dién

nhu sau:
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T

- ()

Tur d6 dya vao muc 1.2.3.2 cua tai liéu nay dé tim duoc cdt thép dai va cbt thép doc can thiét cho

S3
I

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

Xéc dinh tai trong tac dung

b6 1éch tam ngﬁu nhién

Xac dinh d6 manh A
\Yes .
Kiém tra A> 14 ? K¢ dén anh hudng
B uon doc vao do léch
tam tong
No

Xac dinh m6 men thiét ké M,

Xay dung biéu d0 tuong tac

Kiém tra ngi lyc trén bi€u d6 tuong tac

Kiém tra ciu tao b tri thép cot

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

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

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

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

- M6 men do tai trong dugc 14y tir md hinh phan tich khung.
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- M6 men do sai 1éch hinh hoc (imperfections).

Céc hiéu ung béc hai (second-order effects) gay ra boi sy thay doi hinh hoc ¢6 thé anh hudng

16n dén cdt 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 d0 1éch tam ng?tu nhién duoc xac dinh nhu sau:

Ly

Yx 10 )
600’30

Cax = max(

Ly wy 10
€qy = Max mm
@ 600’30’
Loy, Loy: chi€u dai cua cau ki¢n hodc cua khodng cach gilra cac ti€t dién ctia n6 dugc lién ket

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

Theo muc 8.1.2.1.2 TCVN 5574-2018, khi tinh toan cac cdu kién chiu nén léch tdm thi can ké
dén anh huong cua udn doc dén kha ning chiu lyc cta chiing, théng thudng, bang cach tinh két

cau theo so d6 bién dang (phi tuyén hinh hoc).

Cho phép tinh toan két cau theo so d6 khong bién dang, nhung ké dén anh hudng cia udn doc
cau kién dén do bén cua né khi d6 manh A = L,/i >14 bang cach nhan d6 1éch tim ban dau e,

véi hé sb 1, xac dinh theo cac chi dan trong 8.1.2.4.2 TCVN 5574-2018.

V6i i 12 ban kinh quan kinh, i = /T/A

Lo 1a chiéu dai tinh toan ciia cot.

- Tiét dién chit nhat: A = 3.46L,/h

- Tiét dién tron: A = 4Ly /h

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

Truong hop 1: Ddi véi cac cau kién cua két ciu siéu tinh, gia tri do I¢ch tam e, cua lyc doc ddi
véi trong tam clia tiét dién quy ddi léy béng gia tri d¢ léch tdm da xac dinh dugc tir tinh toan tinh

hoc, nhung khong nhoé hon e, .

Truong hop 2: Ddi voi cac cu kién cia két cau tinh dinh, do 1éch tam €o léy bé“mg téng do léch

tam xac dinh dugc tir tinh toan tinh hoc va d6 1éch tAm ngau nhién.

Pé an toan cho tinh toan kiém tra cot, PiStructure mac dinh chon truong hop ap dung cho két
cAu tinh dinh dé ap dung cho toan bd tinh todn cta cot theo TCVN. Ttrc 1a d6 Iéch tam cua cot

ngoai do 1éch tAm tir tinh toan tinh hoc e = M /N, ludn ludn c6 do léch tAm ngau nhién e, duoc
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ké dén trong kiém tra tinh toan cot. Pi¢u nay ciling dong bd véi cach tinh toan cot theo ti€u chuan

EN1992-1-1 duoc 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 ctua cAu kién chju nén léch tdm
duoc xac dinh nhu ddi véi cdu kién cua két cau khung c6 ké dén trang thai bién dang cua két cau
khung & vi tri bit loi nhét cua tai trong ddi véi cdu kién ndy, c6 chu ¥ dén bién dang khong dan

hoi cua vat liéu va sy ¢ mat cua vét nut.

Cho phép 1ay chiéu dai tinh toan L, ctia cdu kién co tiét dién ngang khong ddi doc theo chiéu dai

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

— D061 voi cau kién mot dau ngam cimg (loai trir duge su xoay cua ti€t dién goi tya) va mot dau

tu do (cong xon): Ly = 2.0L;

— Pi voi chu kién mot dau khép ¢ dinh va mot dau:
Ngam cung (khong xoay): Ly = 0.7L;

Ngam mém (cho phép xoay mot goc han ché): Ly = 0.9L;
— Pbi v6i chu kién mot dau khép mém (cho phép géi tua dich chuyén han ché) va mot dau:
Ngam cung (khong xoay): Ly = 1.5L;

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

— Pdi v6i cau kién hai dau ngam cb dinh:

Ngam cung (khong xoay): L, = 0.5L;

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

— Pdi v6i cau kién hai dau ngam di dong han ché:

Ngam cung (khong xoay): L, = 0.8L;

Ngam mém (vi goc xoay han ché): Ly = 1.2L.

1.3.4. Hé s6 udn doc
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Trong do:

N: luc doc thiét ké do ngoai luc (kN)
N¢rxs Nery o 12 1 t61 han quy u6e, duge xac dinh theo cong thire:
Nex = 12D, /L3,
Nery = 12Dy /L3,
trong do:
Dy, D, 1a d6 cimg cta cau kién bé tong cdt thép & trang thai gidi han vé d6 bén, duoc xac dinh
theo céac chi dan vé tinh toan bién dang;
Lox, Loy 12 chiéu dai tinh toan ctia ciu kién, duoc xac dinh theo 8.1.2.4.4.
Gia tri luc doc truc thiét ké ciia cot khong duoce vuot qua luc téi han quy ude.
1.3.4.1.Pé cirng tong hop Dx, Dy
Dy = (kpxEplpx + ksEslsy)
Dy, = (kpyEplpy + kgEglg,)

trong do:
E,, Eg 1a md dun dan hoi lan luot clia bé tong va cua cot thép;

I, I 1a md men quan tinh cua dién tich tiét dién 1an lugt ctia bé tong va ctia toan bd cdt thép doc

do1 voi trong tam tiét dién ngang cua cau kién;
ks = 0.7,

0.15
" 20034350
by = 0.15
Y 2(03+3,,)

kbx

Oex» Ocy la gid tri d§ 1€ch tdm tuong ddi cua luc doc

e
Sor = —2,0.15 < 5,, < 1.5

Wy

e
8ey =—2,0.15 < 3, < 1.5
y

1.3.4.2.M6 men qudn tinh tiét dién bé tong Iy, Iy

Tiét dién chit nhat:
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Wy Ws,

be = 12
wyw;
by =—17
Tiét dién tron:
r*
Ipy = Iby = T

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

r: ban kinh tiét dién tron (mm)

1.3.4.3. M6 men qudn tinh thép I, L,

nd*
nd?
s = T

Iy = Z(Itnann + A5a3)
Isy = Z(linann + Asa3)
d: duong kinh thanh thép (mm)
a: khoang cach tir thanh thép dén truc trung hoa (mm)
Ithann: MO men quan tinh riéng clia moi thanh thép
Ag: dién tich mdi thanh thép
1.3.4.4. D$ léch tam sau khi ké dén anh hwéng ciia uén doc ciu kién
€x = €oxTlx
€y = €oyTly

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

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

nhi€n egy, €4, va do 1éch tim do mé men ban dau My, /N, Moy /N)

1.3.5. Moment thi cip do Irc doc
My = [N|nyeax + (x| Mox| — [Mox|)
May = INInyeqy + (11y|Moy| — [Moy|)
N: lyc doc thiét ké (kN)
1.3.6. Xac dinh mé men thiét ké
My = |Mox| + [Max| = x| Mox| + INInxe0y
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Mty = [Moy| + [May| =1y [Moy| + INIny €y
1.3.7. Xay dung biéu dd twong tac dé kiém tra véi tai trong tac dung
Xay dyung biéu do tuong tac cua tiét dién cot bang cach quét toan bd kha ning chiu luc cua tiét
dién theo d siu ving nén va hudng nghiéng tryc trung hoa. Tai mdi trang thai, tinh luc nén &
mo men cuia bé tong va ¢t 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, noi suy vi tri giao ciia 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
clia tiét dién cot.
Quy trinh k¥ thuit tao biéu dd twong tic (interaction diagram) theo TCVN 5574-2018:
Buée 1: Chudn bi dit liéu dau vao
(1) Théng sé tiét dién
e Hinh dang tiét dién (polygon, chit nhat, tron...)
« Kich thudc tong thé: b, h
e Vi tri tm tiét dién (centroid)
« Kich thudc phan tir chia luéi tinh toan.
(2) Vat liéu
« Bétong: cuong do chiu nén thiét ké ciia bé tong R),, bién dang cuc han cuia bé tong &, =
0.0035
« Thép: cudng do thiét ké cdt thép R, R va mo dun dan hoi thép E;.
(3) B tri cbt thép
o Toa d¢ tirng thanh thép (x,y)
e Dién tich tirng thanh thép
o Téng dién tich thép bé tri Ag tora
Buoc 2: Tao lwoi phan chia tiet dién
Chia tiét dién cot thanh timg phan tir nho, mdi phan tir dugc phan loai 14 thudc ving nén
hay thudc vung kéo tuy theo vi tri truc trung hoa.
BuGce 3: Tinh ldp theo d sau viing nén chay tir 0 dén gid tri I6n nhdt.
V6i méi mdi chiu sdu viing nén x, chay tinh lip budc 4 dugce trinh bay nhu sau:
Buoc 4. Lap theo goc nghiéng truc trung hoa (f = 0 — 2rx)
V&i mdi goc B va chiéu sdu viing nén x:
Buéc 4.1. Phén logi 6 ludi: Panh ddu cdc phan tir thude vimg bé tong chiu nén.
Burée 4.2. Tinh liec & mé men bé téng tir cdc phan tir bé téng chiu nén (M, M,):

Buéce 4.3. Tinh liec & mé men cot thép (My, M,,):
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Vi ting thanh thép:
« Khoang cach d d&n truc trung hoa:
« Bién dang thép.
« Gi6i han mg suét.
« Tinh ra md men cua thép trong tiét dién tir g suat ctia thanh thép.
Buéc 4.5. Tong hop liec — m6 men:
N = N, + N
My = My + My
M, = M., + Mj,

My = ’(Ma% + M3)

Buéc 5. Hoan tat hinh thdi 3D ciia biéu do twong tdc N-Mx—My
Sau khi két thuc 2 vong lap:
C6 tat ca cac diém (N, M,, M,) day du cho moi cap (x, B)
BuGc 6. Vi moi cdp tdi trong thiét ké, tim kha ndng chiu hee tiwong iing
Vi mdi cap tai trong thiét ké da xac dinh tir muc 2.5.5:
Bueée 6.1. Tinh mé men tong hop can kiém tra:
Goc lam vige cua tai trong 8, = atan(M,, M,)
Bueée 6.2. Vi méi viing nén x, ndi suy theo
Duyét qua tat ca diém B (0 - 2m):
1. Tim hai diém S ké nhau c6 goc 6 bao quanh 6,
2. Nbi suy tuyén tinh theo 6
— tim dugc:
3. Niax» Mxmaxs Mymax
4. Tim duoc Brounds Xfound
Buoc 7. Tinh ty Ié kha nang chiu luc (Strength Ratio)
Vi tai trong thiét ké yéu cau (N, Myp):

VNG + M7)

SR =
\/(Nr%lax + Mrznax)

e SR > 1.0 — khong dat
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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 cu can
duoc thiét ké. Pbi véi Eurocode 2-2004, néu mot két cdu chiu tinh tai (D), hoat tai (L), hoat tai
mai (Lr), tuyét (S), gidé (W) va dong dét (E), dong thoi xem xét gié va luc dong dat co thé dao
nguoc, can xem xét cac td hop tai trong sau (ECO Eq. 6.10):

Yéj,supD

YejsupD + Voil

Y6jsupD + (0.75)y¢1PL

Y6jingD £ Vo1 W

VGj,supD tyo W

Y6jsupD + Vo1l T Vo ioiW

Y6jsupD +vQ, 1L+ yqi¥oiS

Y6jsupD T VoW +vq,ito,L

Y6jsupD T VoW +7vq,i¥0o,S

YejsupD +7Y01S T voioiW

Y6jsupD + V1S + vo,iWo,L

YejsupD + Vo1l + voioiS £ Voo iW

YejsupD £ VoW +voioil +7voito:S

YjsupD +V01S £ Yoi¥oiW + vo,ito,L

D + 1.0F

D + 1.0E + ,,L

D+ 1.0E +,; L +¢,;S (ECO Eq. 6.12b)

Trong do:

Yejsup = 1.35 (ECO Bang A1.2(B))

Yejiny = 1.00 (ECO Bang A1.2(B))

Yo,1 = 1.5 (ECO Bang A1.2(B))

Yo1 = 1.5 (ECO Bang A1.2(B))

Yo, = 0.7 (cho hoat tai, trir hoat tai kho sé€ lay gia tri khac) (ECO Bang Al.1)

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

2.2. Giéi han dd bén caa vt liéu

24| Page



Cuong do bé tong chiu nén, f,;, khong duoc 16n hon 90Mpa (EC2 3.1.2(2)). Gia tri gidi han
dudi va giéi han trén cua cuong do chay cdt thép, fyk, twong tmg la 400 va 600Mpa (EC2
3.2.2(3)).

Nguoi dung c6 trach nhiém dam béo rang cuong do t6i thiéu va tdi da dugc dap tmg.

2.3. Cac h¢ s6 an toan tirng phin

Cuong d6 thiét ké cua bé tong va thép dugce tinh bang cach chia cuong d6 dic trung cia vat lidu

cho hé s an toan ting phén, y, va ¥, nhu thé hién duéi day:

— accf ck
cd Ve
f vk
fyd B Vs
fywk
fywd =2
Vs

Trong do:
g 12 hé s6 ké dén anh huong dai han ctia cudng d6 chiu nén, mac dinh liy bang 1 va c6 thé tuy
chon bdi nguodi dung.
Hé s6 an toan timg phan cta vat liéu va cuong do thiét ké cua bé tong va cbt thép dugc dua ra
(EC22.2.3.2(1), bang 2.1N) nhu sau:

- Hé s6 an toan timg phan ctia cdt thép ys = 1.15

- Hé s6 an toan timg phan ctia bé tong y, = 1.5
Céc gié tri dugc dé xuét bai tiéu chuin dé dua ra gia tri an toan chép nhéan duoc cho két chu
thong thuong dudi cac tinh hudng thiét ké thong thuong (EC 2.4.2.4). Déi v6i tinh hudng thiét
ké tai nan va dong dat, cac gia tri khuyén nghi nho hon trong bang. Ngudi ding nén xem xét
riéng.
Céc gia trj trén c6 thé dugc diéu chinh, tuy nhién nén than trong.
2.4. Thiét ké dAm
2.4.1. Thiét két c6t thép chiu udn
C6t thép chiu ubn trén va dudi dam duoc thiét ké tai mdi vi tri doc theo dam. Khi thiét ké ct
thép chiu udn cho mé men chinh cua mot dam cu thé, cho mot vi tri cu thé, can thuc hién céc
budce sau:
- Xac dinh mo6 men tinh toan.
- X4c dinh c6t thép chiu ubn yéu cau.

2.4.1.1. Xac dinh mo men tinh toan
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Trong thiét ké cdt thép chiu ubn ctia dim bé tong, dim dugc thiét ké cho cac mdé men 4m va
duong 16n nhit thu duogc tir tit ca cac to hop tai trong. Tinh toan cbt thép dudi dam dua trén
momen duong ciia dam. Tinh toan c6t thép trén dya trén mé men 4m cta dam.
2.4.1.2. Xac dinh c6t thép chiu udn yéu ciu
Trong quy trinh thiét ké dam chju udn, chuong trinh tinh toan ca cbt thép chiu kéo va ct thép
chju nén. Cét thép chiu nén dugc thém vao khi mé men thiét ké vuot qua kha nang chiu mé men
16n nhét ciia dam chi c6 c6t thép chiu kéo. Nguoi dimg c6 thé chon tranh thém cbt thép chiu nén
béng cach tang chiéuu cao hitu hiéu ctia dim, bé rong hodc cuong do cua bé tong.
Quy trinh thiét ké dua trén khéi img suét hinh chit nhat dugc don gian hoa nhu trong Hinh 2-1
(EC2 3.1.7(3)). Dién tich khi timg suat va chiéu cao khdi chiu nén lay nhu sau:

Fe = nifcaab

a=Ax

Trong d6 x 14 chiéu cao cua truc trung hoa. Hé sd A dinh nghia chiéu cao hiéu qua cua ving
chiu nén va hé s6 7 dinh nghia cudng d¢ hiéu qua dugc cho nhir sau:
A=0.84d6ivdi f <50 Mpa

fck —50
400
7=1.04d6ivédi f <50 Mpa

_ fck_SO Ne s
/7—1.0— W 601V0'150SfckS90Mpa

A= O.8< ) d6i v6i 50 < [, < 90 Mpa

Hon nira, gia dinh rﬁng mo men phan b lai trong céu kién khong dugc vuot qua gia tri gidi han
do tiéu chudn chi dinh. Tiéu chuan nay ciing dat giéi han vé chiéu cao ciia truc trung hoa, dé
tranh truong hop pha hoai don (EC2 5.5(4)). Khi mdémen tac dung vuot qua kha ndng momen
gidi han cua dam cdt thép don, dién tich cbt thép chiu nén duoc tinh véi gia dinh rang d6 sau
tryc trung hoa van & gia tri tdi da cho phép.

Gia tri giéi han cua ty 1¢ giita chidu cao tryc trung hoa & trang thai gidi han cudi cing véi chiéu
cao hiéu dung, (x/d)lim, dugc biéu thi dudi dang mot ham ciia ty 18 giita md men phan phdi lai

v&1 mo men trudce khi phan phoi lai, 6, nhu sau:

(x) 6 —ky 461 v6i £ < 50 M
- = 01 vol S a
d lim k2 ck P

(x) 0= K3 asiveif. > 50 M
- = 01 vol a
d lim k4 ck P

Tt cong thuc trén suy ra gia tri X,,q:
1 - kl

Xmax = k—d dél véi fck < 50 Mpa
2
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Xmax = k—3d d6i véi f,, > 50 Mpa
4

Dbi vai cbt thép co fyk < 500 Mpa, céac gia tri sau day dugc sur dung:

k, = 0.44
ky, = ks = 1.25(0.6 + 0.0014/£,,5)
ks = 0.54

8§ duoc gia thiét bang 1.
Trong do bién dang cuc han, g5, duoc xac dinh tir EC2 Bang 3.1 nhu sau:

Ecuz = 0.0035 d0i v6i f < 50 Mpa
90 — ck| 3x: s
Ecuz = 2.6 + 35 [W] doi voi f., = 50 Mpa

Ecus N

—— _._.{ —

—»
S
F
0
— -

5

d h
@ Ly
N A 4 T T
Asj &
BEAM STRAIN STRESS
SECTION DIAGRAM DIAGRAM

Hinh 2-1 So do bién dang va vng sudt trong dam chit nhdt khi thiét ké chju uén

Gia dinh kha ning chiu mé men cta dam c6t thép don1a M = |M,,|, dya trén biéu do trén ta c6:

M=F(d=3) = rfeach (d-3)

Ta c6 phuong trinh béc 2 bién a nhu sau:

a’ — 2da + P =0
Phuong trinh trén c6 nghiém khi:
Ae g% — 2M -
Mfeab —

Nghiém a khi d6 la:
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Suy ra:
x=a/A

Luu y: khi A < 0 tike la tiét dién khong di kha ndng chiu mé men va bi phd hoai, chirong trinh
sé dwa ra théng bdo phd hoai cho tiét dién va nguoi ding can tang chiéu cao hitu hiéu cia dam,
bé réng hodc cuong do ciia bé tong.
So sanh x Vo1 X4
- Néu x khong 16n hon x4y, ta co:
B M

fra(d-3)

- Néu x 16n hon x,,,4, thi chiing t6 tiét dién can thém cdt thép chiu nén & viing bé tong chiu nén

M = Ts(d—%) S A,

vi chi bé tong voi ving cao bang x4, thoi thi khong du, luc nay ta co:

EcuzEs(Xmax — d))

fs¢ = min (fyd' &scEs) = min < fydr

xmax
_ M = F(d = 05Mmar) _ M = 7feqab(d = 0.5Mmax)
fse(d—=d") fse(d —d")
_ 7feabMomaz + Ascfrc

t
° fyd

2.4.1.3. Ham lwong cot thép tdi thiéu va toi da

ASC

Ham lugng tdi thiéu cua cot thép chiu udn thé chiu kéo, duoc yéu cau trong tiét dién dam la gia
tr1 16n hon trong cac gia tri gioi han sau:
f ctm

vk

bd

Ag min = 0.26

Agmin = 0.0013bd

Trong d6 f,¢m, 12 gid tri cudng d6 chiu kéo trung binh cia bé tong va dugc tinh nhu sau:

2
fetm = O.Sfj( déi voi f < 50 Mpa

fotm = 2.121n (1 + ];“—gl) déi véi fry > 50 Mpa

fem = fer + 8Mpa
Gi6i han trén cua cot thép thd chiu kéo va thé chiu nén, Ag nax, 12 0.04 1an dién tich tiét dién
nguyén (EC2 9.2.1.1).
2.4.2. Thiét két cot thép chiu cit
C6t thép chiu cit duogc thiét ké cho mdi t6 hop tai trong tai mdi vi tri doc chiéu dai ddm. Khi
thiét ké cdt thép chiu cit cho mot dam cu thé, ddi voi mot td hop tai trong cu thé, tai mot vi tri

cu thé do luc cét chinh cua dam, can thyuc hién cac bude sau (EC2 6.2):
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e Xac dinh luc cét tinh toan, Vga.

e Xac dinh kha ning chiu cit cua bé tong, VRa,c-

e Xac dinh cdt thép chiu cit yéu cau.
2.4.2.1.Xdc dinh luc cdt tinh todn
Trong thiét ké cbt thép chiu cit cua dém, luc cit cho mdi td hop tai trong tai mot tram dam cu
thé c6 duoc bang cach tinh cac lyc cit twong tmg cho cac truong hop tai trong khac nhau véi cac
hé s6 t6 hop tai trong twong tmg.
2.4.2.2.Xdc dinh khd nang chiu cit ciia bé tong

Kha nang chiu cat cua bé tong, Vgg ., dugc tinh nhu sau:

1
VRd,c = [CRd,ck(]-OOplfck)3 + klo-cp]bd (EC26.2.2(1))
Vi gid tri nho nhét 1a:
Veaec = (Vmin t k10cp)bd (EC2 6.2.2(1))

Trong do:

fex don vi la Mpa

k=1+ /% < 2.0 v&i don vi clia d A mm (EC2 6.2.2(1))

p; = ham lugng c6t thép doc chiu kéo = % < 0.02 (EC26.2.2(1))

Ag 13 dién tich cbt thép doc chiu kéo (EC2 6.2.2(1))

2.4.2.3.Xdc dinh cét thép chiju cit yéu cau
Luc cat dat vao tiét dién khong dugc vuot qua gia tri 16n nhat (EC2 6.2.3(3)):

Aew b ZVlfcd

Vv —
Rdmax = -ot0 + tand

Trong do:

g, duoc 1iy bang 1 (EC2 6.2.3(3)).

Hé sb giam cuong do cho tiét dién bé tong nut khi chiu cit, V1, dugc xac dinh nhu sau (EC2
6.2.2(6)):

fck
250)

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

v, = 0.6(1 —

6 dugc xac dinh tir phuong trinh sau:

Vea = VrRamax
© Vgg = acwb zvyfoq/(cotl + tanB)
© Vgqg = 0.5a.,b zv, f,45in260

C6t thép chiu cit yéu cau dugce tinh toan nhu sau:
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Néu Vgg < Vpae:

Néu VRd,C < VEd < VRd,max

Asw _ VEd > As,min
s Zfywacotd — s

Néu Vg > Vramaxs tiét dién bi pha hoai, can ting kich thudc tiét dién.
Ham luong cbt thép chiu cat téi thiéu dugc xac dinh nhu sau (EC2 9.2.2(5)):

Asw,min — 0.08 fck b
S fyk

w

2.4.3. Thiét két c6t 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. Cac budc sau day lién quan dén viéc thiét ké cdt thép doc va cdt thép chiu cit cho mot vi
tri cu thé do dam xoén:

- Xéac dinh m6 men xoén tinh toan, T,,.

- Xéc dinh cac thudc tinh cua tiét dién.

- Xéc dinh kha nang chiu x0dn cuc han.

- Xéc dinh cbt thép chiu xoin yéu cau.
2.4.3.1. Xac dinh md men xoin tinh toin
Trong thiét ké cot thép X04n dﬁm, xo0an cho moi td hop tai trong tai mot vi tri dam cu thé ¢o duoc
bang cach tinh cic xodn tuong tng cho cac truong hop tai trong khac nhau véi cac hé sb t6 hop
tai trong tuong ung.
Trong két cAu siéu tinh, noi c6 thé xdy ra su phan bd lai luc X04n trong cAu kién do sy phan bd
lai ndi luc khi nit, Ty, thiét ké duge phép giam theo tiéu chuan (EC2 6.3.1(2)). Tuy nhién,
chwong trinh khong tu dong phéan phdi lai noi luc va giam T,,. Néu mudn phéan phéi lai, nguoi
ding nén giai phong mirc do tu do xoan (DOF) trong phan mém co thé phan tich ndi luc két cau.
2.4.3.2. Xiac dinh cac thudc tinh cia tiét di¢n
Ddi vai thiét ké xodn, cac thudc tinh tiét dién dic biét, chéng han nhu Ay, t.r, u, uy va z;, dugc
tinh toan. Céc thudc tinh ndy duoc mo ta trong phan sau (EC2 6.3.2).
A = Dién tich dugc bao boc boi chu vi ngoai ciia tiét dién bé tong
A, = Dién tich duoc bao quanh boi dudng tdm cia vach chiu xoén, trong d6 dudng tdm dugc
dinh vi la 1 khoang t.r/2 tr bé mit ngoai cung cua tiét dién.
ter = Chiéu day vach chiu xodn = A/u. Puoc lay ti thiéu 2 1an khoang cach giita mép ngoai

mit dam va trong tam cdt thép doc.
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u = Chu vi ngoai cing cua tiét dién bé tong

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

z; = Chiéu dai véch i, duoc xac dinh bang khoang cach giita cac diém nut ctua dudng tim véach
chju xoén.

Khi tinh toan cac thudc tinh ctia phan lién quan dén cbt thép, chang han nhu A4, va uy, gia dinh
rang khoang cach giira dudng tdm cua thanh dai kin ngoai cung va bé mat bé tong ngoai cing 1a
50mm. Piéu nay trong duong v6i khoang bao vé 38mm va mot dai kin 12mm. V&i gia thiét nay,
cac thudc tinh dic biét cho tiét dién dam hinh chir nhat duoc cho nhu sau (EC2 6.3.2):

A = bh

A = (b= tep)(h = ter)

u=2b+2h

u = 2(b —tor) + 2(h — toy)

ter = A/u = 2 X cover to center

Trong do, kich thudc tiét dién b, h va ¢ duoc thé hién trong Hinh 2-2.

—p|c b — 2c—p|C [4—
v -
c
A O O
h=2c h
v @) O
c v
* < b >

Closed Stirrup in
Rectangular Beam

Hinh 2-2. Pai kin va kich thude tiét dién khi thiét ké chiu xodn
2.4.3.3. Xac dinh kha ning chiu xoan cuc han
Xoan trong tiét dién co thé duoc bo qua, v6i yéu cau ham lwong cdt thép chiu cit tdi thiéu
(EC2.9.2.1.1), néu diéu kién cong thirc sau thoa man:

Tra | TEd <1 (EC2 6.3.2(5))

TRd,c VRd,c
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Trong do6 Vg4 . duoc xac dinh ¢ muc tinh d6 bén chiu cat va Tg4 . 1a m6 men chiu xoan nut, duogc

tinh nhu sau:

Trac = fetafer2Axk (EC2 6.3.2(1), 6.3.2(5))
Trong d6 tor va ferq la cuong do bé tong chiu kéo thiét ké, x4c dinh nhu sau:
ter = Afu (EC2 6.3.2(1))
feta = %ctfetko0s/Ye (EC2 Eq. 3.16)

Trong d6 A va u da dugc dinh nghia & muc trudc, a.; 1a hé s6 ké dén anh huong dai han cua bé
tong chiu kéo, 1dy bang 1.0 va f.;xo.05 duoc tinh nhu sau:

fetko.os = 0.7 feem (EC2 Bang 3.1)
2.4.3.4. Xac dinh c6t thép chiu xoin
Néu cong thirc & myc trude duoc thoéa min, xoan co thé duoc bé qua mot cach an toan (EC2
6.3.2(5)), v6i yéu cau ham luong cdt thép chiu cit tdi thiéu. Trong truong hop do, chuong trinh
béo céo rang khong can gia c¢b xoan. Tuy nhién, néu cong thirc d6 khong thoa man, gia thiét rang
strc khang xodn dugc cung cap boi dai kin, thép doc, va viing nén bé tong.
Néu cbt thép chiu xoan c6 dang dai kin, luc cit do mé men xodn ndy, V,, dugc tinh toan trudc,

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

At _ L
S 2fywacotd (EC2 6.2.3(3))
Ve = (b= ter) e (EC2 6.3.2(1)

2Ag

Cot thép doc yéu cAu chiu xoin duoc tinh nhu sau:

Toon = (1 — Va ) Trae  (EC26.3.2(5)

VRd,c
Ay = T cotg e (EC2 6.3.2(3))
24 fya

Trong d6 6 1a goc cua thanh chiu nén, giéng nhu mo ta ciia dam chju cit. Khi tinh toan, léy 6
bang 45 do. Tiéu chuan cho phép lay tir 21.8 dén 45 d6 (EC2 6.2.3(2)), chuong trinh gia thiét
lay 45 do.

Khi cbt thép chiu xo0an dugc yéu cau, mot gia tri gidi han trén cua to hop luc Vg4 va Tgy chiu

boi tiét dién khong duoc vuot qua kha ning cua thanh gian bé tong hay kiém tra cong thirc:

TRrd,max VRd,max
Trong d6 Trg max, S khang xodn thiet ké 16n nhat:

Tramax = 2VQcw feaAktessindcosd (EC2 6.3.2(4))
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Néu cong thirc trén khong thoa, mot thong bao phé hoai s& dugc dua ra. Trong truong hop do,

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

Xac dinh tai trong tac dung

Sai l&ch hinh hoc

Xac dinh 36 manh A

Gidi han d6 manh A,

. Yes o "
Kiémtra A> A, ? ong them
— Mim moment bac hai

vao Mgy

No

Xac dinh mé men thiét ké My,

Xay dung biéu d6 tuong tac

Kiém tra ngi lyc trén bi€u do tuong tac

Kiém tra ciu tao b tri thép cot

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

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

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

nhau cua tiét dién cot.

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

- M6 men do tai trong durgc 14y tir mo hinh phan tich khung.
- M6 men do sai 1éch hinh hoc (imperfections).

Céc hiéu mg béc hai (second-order effects) gy ra boi su thay doi hinh hoc c¢6 thé anh hudng

16n dén cot chang han nhu cac cdt manh.

2.5.2. Sai léch hinh hgc (Imperfections)
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I=1h/2 : ———

a1) Unbraced a2) Braced ACy

a) Isolated members with eccentric axial force or lateral force

_‘

Vs

b) Bracing system c1) Floor diaphragm c2) Roof diaphragm

Figure 1. Vi dy vé anh hwéng ciia sai léch hinh hoc do thang dirng
(Hinh 5.1 EN1992-1-1)
Theo muc 5.2 EN1992-1-1, cac sai 1éch vé kich thudce tiét dién thuong da dugc ké dén trong hé
sO vét lidu nén khong can tinh dén trong phan tich két cu.
Sai 1éch hinh hoc khong can xem xét & trang thai SLS.
Tuy nhién sai 1éch do théng dtg cua cot can dugc xem xét va duoc dai dién bai do nghiéng 6;:
0; = Ohapan, (Cong thuc 5.1- EC2)
Trong do:

Gia trj ban dau: 6, = 1/200

H¢ s6 giam chiéu dai hoac chiéu cao:

<

2
wil N
IA

K

P~

IA
=
o

anp =

SIS
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H¢ s6 giam theo so lugng cua cau kién:

1
an, = |0.5(1+ E)

[ 1a chiéu dai hoac chiéu cao thuc té cua cau kién
m la s0 lugng cau kién dirng dong gop vao anh hudng tong.

Trong Cong thuc 5.1, dinh nghia cta [ va m phu thudc vao hiéu ing dugc xem xét, trong dé co6

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

- Hiéu tmg 18n cAu kién biét 1ap: | = chiéu dai thuc té cta cau kién, m = 1.

- Hiéu tng 18n hé giang: | = chiéu cao toa nha, m = s cau kién thang dimg gdp phan tao nén
lrc ngang tac dung 1én hé gidng.

- Hiéu umg san cling hodc méi cimg phan phdi lai tai trong ngang: | = chiéu cao ting, m = s6
cau kién thang dung trong cac tang gop phan tao nén tong luc ngang tac dung Ién san.

Dbi v6i cac vach va cac cot doc 1ap trong hé gidng, a,, va aj, ¢ thé 1y bang 1.0, khi d6 6; =
68, = 1/200.
Dbi véi cac cau kién doc 1ap ¢ trang thai ULS, anh hudng cua sai 1éch hinh hoc c6 thé duoc ké

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

Vi vay ddi voi cot doc 1ap trong hé giéng, e; = ly/400 co thé duoc su dung.
b) Ké dén nhu mét luc ngang, H;

H; = 6;N d6i v6i hé khong giang

H; = 26;N = N /100 d6i véi hé gidng

Theo muc 6.1(4) EN 1992-1-1, toan bd cac c4u kién chiu nén déu phai chiu mot mé men léch
tAm tdi thiéu:
eo = max(h/30,20 mm)
2.5.3. Xac dinh dd méanh A qua chiéu dai tinh toan (Effective length)
lo =Fl
L 1a chiéu dai thuc té cua cot.
Hé sd F phu thudc diéu kién lién két dau cot, cling nhu phuc thudc vao hé két cau téng thé cua

cau kién 1a giang (braced) hay khong giang (unbraced).
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a) b) o |f 9
\ \ b | Yoy
! | ;_.;J 2
w i=
vilf t
| A Vad v | & i
W | | R | | e A4

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 én dinh uon doc khéac nhau va chiéu dai tinh todn (chiéﬁ
dai hitu hiéu) twong ung cua cac cau kién chiu nén lam viéc doc lap (Hinh 5.7 EN1992-1-1)

Doi voi cac cau kién duoc giang (braced):

F=05 (1+ i )(1+ k2 )
- 0.45 + k, 0.45 + k,

Doi voi cac cau kién khong duoc giang (unbraced):

F = 1+10 % kaks -<1+ i )(1+ i )
- max kit k' 1tk 1+k,

Trong do:

=) ()
M/ \ 1
6 = goc xoay cua cdu kién lién két (restraining members) do moémen ubn M giy ra;

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

EI = 6 cting udn cua cau kién chiu nén, xem thém 5.8.3.2 (4) va (5) EN1992-1-1.
| = chiéu cao thong thuy (clear height) ctia cAu kién chiu nén gitra hai gdi lién két.
Ghi chu:

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

va k = oo 13 gi6i han cta trudng hop khong co lién két chéng xoay (no rotational restraint).

Vi trong thuc té rat hiém khi dat duoc lién két ¢d dinh hoan toan, gia tri tbi thiéu 0,1 duoc 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

Do manh (Slenderness):

I, 12 chiéu dai hitu hiéu cia cot.
V6i i 12 ban kinh quan kinh, i = \/I/A
- Tiét dién chit nhat: A = 3.461,/h
- Tiét dién tron: A = 4l,/h
2.5.4. Giéi han do manh cho phép (Mim)
Aiim = 20ABC /N/n
Trong do:

1
A=——

Néu khéng xac dinh duoc ¢, s CO thé lay A = 0.7
@er lahé $6 tir bién hitu hiéu, xem muc 5.8.4

B = J(1+2w)
Néu khong xac dinh dugc w, co thé lay B = 1.1
w = Asfya/(Acfea), 12 ti sb cbt thép co hoc
A 12 tong dién tich thép doc.

C =17 — 1y

Néu khong xac dinh duoc 7, ¢6 thé 1dy € = 0.7

38| Page



T‘m == MOI/MOZJ lé ti 56 mé men

My1, My, 12 md men bac 1 tai mdi nat, |My| = |My,|

Néu mé men nat My, va My, tao ra mit kéo & cing bén, 7, nén 13y 1a gia tri dwong, nguoc lai
thi ldy am.

Trong cac trudng hop sau ddy, 1, phai duoc ldy bang 1.0 (tac 1a C = 0,7):

e d6i v6i cac cAu kién co gidng (braced members), trong d6 mémen bac nhit chi phat sinh,
hodc chu yéu xuét hién, do céc sai 1éch hinh hoc ban dau (imperfections) hodc tai trong
ngang;

o dbi véi cac cau kién khong giang (unbraced members) ndi chung.

(2) Trong cac truong hop udn hai phuong (biaxial bending), tiéu chi do manh (slenderness
criterion) ¢6 thé dugc kiém tra riéng biét cho timg phuong.
Tuy thude vao két qua kiém tra, hiéu ung bac hai (second-order effects) co thé:
(a) dugc bd qua ¢ ca hai phuong, hodc
(b) phai xét dén & mot phuong, hoic
(c) phai xét dén & ca hai phuong.
n = Nea/(Afea)
-Néu A < Ay, — cot khong manh (stocky)
-Néu A > A, — cot manh (slender)
2.5.5. Xiac dinh mé men thiét ké Mga (St dung phwong phip dua trén d cong danh dinh
muc 5.8.8 EN1992-1-1)
Cot khong manh (Stocky):
Mgy = max(Moz, Ngaeo)

Cot manh (Slender):

Mg, = max(My,; My, + M,; My, + 0.5M,; Ng4 e)
Trong do:
My, = min(|Meop |, IMpottom|) + €iNgqg
My, = max(lMtopl' |Myottom|) + €iNgg
Mo, = 0.6My, + 0.4My, > 0.4M,,
M; = Ngqe;

1 12
er=(7)%

Ngq 13 gia tri thiét ké cua luc doc (axial design force).
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e, 1a 46 vong (deflection), dugc tinh theo:

_/n) ek

€,
c

1/r (hoac y,-) 1a do cong — curvature, xem muc 5.8.8.3.
I, 14 chiéu dai tinh toan (effective length), xem muc 5.8.3.2.

(4) Dbi véi tiét dién khong d6i, gia tri ¢ = 10 (= n?) thudng duoc st dung. Néu moémen bic
nhét (first-order md men) 1a khong ddi, thi nén xét gia tri ¢ nho hon (gia tri 8 1 gi6i han nho

hon, tuong tmg véi momen tong cong khong doi).
Chu thich:

Gia tri 72 tuong tmg v&i phan bb d6 cong dang hinh sin (sinusoidal curvature distribution). Gia
tri 8 twong ng v4i do cong khong dbi (constant curvature). Luu ¥ rang ¢ phy thudc vao phan bd

ctia tong d6 cong (total curvature distribution).

2.5.6. XAy dung biéu do twong tic dé kiém tra véi tai trong tic dung
Xay dung biéu dd tuong tac cua tiét dién cot béng cach quét toan bo kha nang chiu luc cia tiét
dién theo d6 sau viing nén va huéng nghiéng truc trung hoa. Tai mdi trang thai, tinh lyc nén &
mo men cua bé tong va cbt 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, nodi suy vi tri giao ctia dudng tai trong voi
mat ngoai biéu dd twong tac 3D dé tim kha nang chiu luc cuc han va ty 1€ kha nang chiu luc cua
tiét dién cot.
Quy trinh ky thuit tao biéu do twong tic (interaction diagram) theo EN1992-1-1:
Buée 1: Chudn bi div liéu dau vdo
(1) Thong s6 tiét dién

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

« Kich thuéc tong thé: b, h

e Vi tri tAm tiét dién (centroid)

« Kich thudc phan tir chia luéi tinh toan.
(2) Vat liéu

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

bé tong ., = 0.0035

o Thép: cudng d¢ thiét ké cdt thép fyq = fyx / 1.15 va mo dun dan hdi thép Ej.
(3) B tri cbt thép

e Toa do tirng thanh thép (x,y)
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e Dién tich tirng thanh thép
o Téng dién tich thép bé tri Ag tora
Buoc 2: Tao lwoi phdn chia tiét dién
Chia tiét dién cot thanh tirng phan tr nho, mdi phan tr dugce phan loai 1a thude ving nén
hay thudc vung kéo tuy theo vi tri truc trung hoa.
Bueée 3: Tinh Idp theo do sdu viing nén chay tir 0 dén gid tri 1om nhdt.
Vé6i mbi mdi chiu sdu viing nén x, chay tinh lip budc 4 dugce trinh bay nhu sau:
Buoc 4. Lap theo goc nghiéng truc trung hoa (f = 0 — 2n)
Véi mdi goc B va chiéu sdu viing nén x:
Bueée 4.1. Phén logi 6 lwéi: Pdanh dau cac phan tir thudc ving bé téng chiu nén.
Buéc 4.2. Tinh lirc & mé men bé tong tir cac phan tir bé tong chiu nén (M., M,y):
Buéce 4.3. Tinh lirc & mé men cot thép (M, Msy,):
Vi tung thanh thép:
 Khoang cach d dén tryc trung hoa:
« Bién dang thép.
« Gi6i han tng suat.
« Tinh ra md men cua thép trong tiét dién tir ng suat ctia thanh thép.
Buéc 4.5. Tong hop lwc — mé men:
N = N, + N
M, = My + Mgy
M, = M., + M,

My = ’(Ma% + M3)

Buéc 5. Hoan tdt hinh thai 3D ciia biéu dé twong tde N-Mx—My
Sau khi két thiic 2 vong lap:
Co tat ca cac diém (N, M,, M,) day du cho moi cip (x, B)
Buc 6. V&i moi cdp tdi trong thiét ké, tim kha ndng chiu lyc twong iing
V6i mbi cap tai trong thiét ké da xac dinh tir muc 2.5.5:
Buéce 6.1. Tinh mé men tong hop can kiém tra:
Goc lam viée cua tai trong 6, = atan(M,, M,)
Bueée 6.2. Vi méi viing nén x, néi suy theo
Duyét qua tit ca diém B (0 - 2m):
5. Tim hai diém B ké nhau c6 goc 6 bao quanh 6,

6. Noi suy tuyén tinh theo 6
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— tim duoc:
7. Nmax » Mx;maxs Mymax
8. Tim duoc Brounda Xfound
Buoc 7. Tinh ty I¢é kha nang chiu luc (Strength Ratio)
Véi tai trong thiét ké yéu cau (Ny, My,):

VNG + MZ)

SR =

\/(ernax + 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 t6 hop tai trong thiét ké 1a cac t6 hop khac nhau cua cac trudng hop tai trong ma két cu can
duoc thiét ké. Ddi véi ACI 318-14, néu mot két cdu chiu tinh tai (D), hoat tai (L), hoat tai mai
(Lr), tuyét (S), gid (W) va dong dat (E), dong thoi xem xét gio va luc dong dat 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

12D+ 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+0.5S £ 1.0W

09D+ 1.0E

1.2D + 1.0L +0.2S + 1.0E

3.2. Gi6i han @9 bén caa vt liéu

Cuong d6 chiu nén cua bé tong, f., khong dugc nho hon 17Mpa (ACI 19.2.1, Bang 19.2.1.1).
Gidi han trén ciia cudng do chay ciia cot thép, fy» duge 1y bang 550Mpa (ACI 20.2.2.4a, Bang
20.2.2.4a) va gi6i han trén cla cudng do chiu cat cta cot thép, £, duge 1y bang 420MPa (ACI
21.2.2.4a, Bang 21.2.2.4a).

Nguoi dung chiu trach nhiém dam bao rang cudng do tdi thiéu va tdi da dugc dap tmg

3.3. Cac h¢ s6 an toan tirng phin

Céac hé sb giam cuong do, ¢, dugc ap dung cho cuong dd xac dinh dé dat duoc cuong do thiét
ké cho mot cdu kién. Cac hé sb ¢ cho udn, cit va xodn nhu sau:

d = 0.90 ddi v6i udn (kiém soat kéo) (ACI21.2.1, Bang 21.2.1).

d = 0.75 d6i v6i luc cit va lyc xodn (ACI 21.2.1, Bang 21.2.1).

Céc gia tri nay co thé diéu chinh dugc; tuy nhién, nén than trong.

3.4. Thiét ké dim

3.4.1. Thiét két cot thép chju udn
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C6t thép chiu ubn trén va dudi dam duoc thiét ké tai mdi vi tri doc theo dam. Khi thiét ké ct
thép chiu udn cho mé men chinh cua mot dam cu thé, cho mot vi tri cu thé, can thuc hién céc
budc sau:
- Xac dinh m6 men tinh toan.
- X4c dinh c6t thép chiu ubn yéu cau.
3.4.1.1. Xac dinh m6 men tinh toan
Trong thiét ké ¢t thép chiu udn ciia dam bé tong, dam dugc thiét ké cho cac mé men 4m va
dwong 16n nhit thu duoc tir tit ca cac t6 hop tai trong. Tinh toan cbt thép dudi dim dya trén
momen duong ctiia dam. Tinh toan cbt thép trén dua trén mé men 4m cua dam.
3.4.1.2. Xdac dinh c6t thép chiu udn yéu ciu
Trong quy trinh thiét ké ddm chiu uén, chuong trinh tinh toan ca cét thép chiu kéo va cot thép
chiu nén. C6t thép chiu nén duge thém vao khi mé men thiét ké vuot qua kha nang chiu mé men
16n nhat cia dam chi cdt thép chiu kéo. Nguoi dung cé thé chon tranh thém cot thép chiu nén
bang céach tang chidu cao hitu hiéu ciia dam, bé rong hodc cuong do cua bé tong.
Quy trinh thiét ké dya trén khéi img suat hinh chit nhat dugc don gian héa nhu trong Hinh 3-1.
Dién tich khdi g suét va chiéu cao khéi chiu nén liy nhu sau:

F. = 0.85f".ab (ACT22.2.2.4.1)

a = f;c

Trong d6 ¢ 1a chiéu cao cua truc trung hoa. Hé sé B; dinh nghia chiéu cao hiéu qua cta ving
chiu nén va hé s6 0.85 dinh nghia cudng d6 hiéu qua duoc cho nhu sau:

0.05(f/—4000)
1000

B, = 0.85 — ,0.65 < B, < 0.85 (ACI 22.2.2.4.3)

Gia tri cua ¢ duoc lay nhu gia tri d6i véi tiét dién kiém soat kéo, duge mic dinh 1a 0.90 (ACI
9.3.2.1).
Gi4 tri 16n nhét cta chiéu cao ving nén c,,q, duoc tinh dya trén gidi han cta bién dang cdt thép

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

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

Gia tri 16n nhét cho phép cua khéi nén hinh chir nhat, a,,,,, dugc cho boi:

Amax = Blcmax
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Hinh 3-1. So do bién dang va ving sudt trong dam chit nhdt khi thiét ké chiu uon

Gia dinh kha ning chiu mé men cta dam c6t thép don 1a M = |M,,|, dya trén biéu dd trén ta c6:
a
M = F, (d - E) = $0.85f",ab(d — 0.5a)

Ta c6 phuong trinh bac 2 bién a nhu sau:

a? — 2da + & L 0
$0.85f" b
Phuong trinh trén c6 nghiém khi:
A= d?* — N 0
Mfeab —
Nghiém a khi do la:
oM 0.5
a=d— (dz — W>
Suy ra:
c=a/B;

Luu y: khi A < 0 tike la tiét dién khong di kha ndng chiu mé men va bi phd hoai, chirong trinh
sé dua ra thong bdo phd hoai cho tiét dién va nguoi dimg can tang chiéu cao hivu hiéu ciia dam,
bé réng hodc cieong do cia bé tong.

So sanh a vo1 Ay,

- Néu a khong 16n hon a4y, ta co:

Ts = fyAst
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M
ot (4 ~3)

- Néu a 16n hon a4, thi chimg t6 tiét dién can thém ct thép chiu nén ¢ ving bé téng chiu nén

M= 9T, (d=3) - Ag =

vi chi bé téng voi ving cao bang a,,g, thoi thi khong du, lic nay tinh mé men theo trong tim

cua cot thép chiu nén ta co:

M=o[Td—d)—F (B2 -d)]

oM=0¢ [Astfy(d d') — 0.85f" bamax (aﬂzlax d’)]

~4)

M + 085" bamay (5
bfy(d —d)

- Ay =

Tinh dién tich thép chiu nén can thiét:

fre = min (fy, &5 Es) = min ( f,, “naxfnar =) (AC192.12,9.5.2.1,20.2.2,22.2.1.2)
Cs = fscAsc
E. = 0.85f camaxh (ACI22.2.2.4.1)
Tur phuong trinh cin bang ta cé:
2 C = Z ToFE+C =T+ O.85f’cbamax + Ascfoe = fyAst

PN 0-85flcbamax + Astfst
sc —
fse
3.4.1.3. Ham lwong cot thép tdi thiéu va tdi da

- A

Ham lugng tdi thiéu cua cot thép chiu udn thé chiu kéo, duoc yéu cau trong tiét dién dam la gia

tri nhd hon trong céc gia tri gio1 han sau:

0.25_(f/
Ag min = Max J_bd,ﬂbd (ACI9.6.1.2)
’ fy Iy
4
Asmin 2 5 As(required) (ACI9.6.1.3)

Gi6i han trén cua cot thép thd chiu kéo va thé chiu nén, Ag nqy, 12 0.04 1an dién tich tiét dién
nguyeén.
3.4.2. Thiét két c6t thép chiu cit
C6t thép chiu cit duogc thiét ké cho mdi t6 hop tai trong tai mdi vi tri doc chiéu dai ddm. Khi
thiét ké cbt thép chiu cit cho mot dam cu thé, ddi voi mot td hop tai trong cu thé, tai mot vi tri
cu thé do luc cét chinh cua dam, can thyuc hién cac bude sau (EC2 6.2):

e Xac dinh luc cét tinh toan, V,.

e Xac dinh kha ning chiu cit cia bé tong, V..
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e Xac dinh cdt thép chiu cit yéu cau.
3.4.2.1.Xdc dinh luc cdt tinh todn
Trong thiét ké cdt thép chiu cit cua dam, luc cit cho mdi to hop tai trong tai mot tram dam cu
thé c6 duoc bang cach tinh cac lyc cit twong tmg cho cac truong hop tai trong khac nhau véi cac
hé s t6 hop tai trong tuong tng.
3.4.2.2.Xdc dinh khd nang chiu cit ciia bé tong

Kha nang chiu cdt cua bé tong, Vg4 ., duoc tinh nhu sau:

) [fibd (ACI22.5.5.1)

Vi gié tri gioi han cua /] < 8.3 MPa (AC122.5.3.1)

v, = 0.17(1 +

Trong do:
N, 14 Iyc doc vudng goc voi mat tiét dién va xay ra dong thoi véi V,, 14y gia tri dwong cho truong
hop luc nén va am cho truong hop luc kéo.
fc c6 don vi 1a MPa.
3.4.2.3.Xdc dinh dién tich cét thép chiu cit yéu ciu
Gia tri luc cat dugc gidi han boi gia tri:
Vinax = Vi + (0.66,/f))bd (ACI22.5.1.2)
Cho biét V,, V., Voyigy, va v6i ¢ = 0.75 1a hé s6 giam cudng 4o, cudng do cbt thép chiu cat duoc
giéi han dén 420Mpa ngay ca khi str dung c¢dt thép co cudng do 1on hon. Dién tich cdt thép chiu
cit duoc tinh nhu sau:
- NéuV, <05¢V,
—=0 (ACI9.6.3.1)
- Néu0.5¢V, <V, < ¢pVans

Ay _ Vy=0V,
S T o (ACI22.5.1.1,22.5.10.1,20.5.10.5.3)

- NéuV, = ¢V, tiét dién bj pha hoai, luc nay can phai ting kich thudc cua tiét dién 1én.
Ham luong cdt thép chiu cat t6i thiéu:

0.062 |f!
2 > max ‘/_b 238 (ACI 9.6.3.3, Bang 9.6.3.3)

S yt ’ fyt

3.4.3. Thiét két cot thép chiu xoin

C6t thép chiu xodn dugc 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 cbt thép doc va cbt thép chiu cit cho mot vi
tri cu thé do dam xoén:

- Xac dinh m6é men xoan tinh toan, T;,.
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- Xéc dinh cac thudc tinh cua tiét dién.

- Xéc dinh kha nang chiu x0dn cyc han.

- Xac dinh c6t thép chiu xodn yéu cau.
3.4.3.1. Xac dinh md men xoin tinh toan
Trong thiét ké ct thép chiu x0dn cho dam, xoan cho mdi to hop tai trong tai mot vi tri dam cu
thé c6 dugc bang cach tinh cac xodn twong tmg cho cac truong hop tai trong khac nhau véi cac
hé s6 to hop tai trong twong ing (ACI 9.4.4.2).
Trong két cAu khong xéac dinh tinh, noi cé thé xdy ra sy phan b6 lai luc xodn trong cAu kién do
su phan bd lai ndi luc khi nut, T, thiét ké duoc phép giam theo tiéu chudn (ACI 22.7.3.3). Tuy
nhién, chuong trinh khong tu dong phan phéi lai n6i luc va gidm Ty,. Néu mudn phan phéi lai,
ngudi ding nén giai phong mirc d6 tu do xoan (DOF) trong phan mém co thé phan tich nodi luc
két cau.
3.4.3.2. Xac dinh cac thudc tinh ciia tiét dién
Dbi véi thiét ké xodn, cac thudc tinh tiét dién dic biét, chang han nhu Acpy Aony Aoy Dep VA D,
dugc tinh toan. Cac thudc tinh nay duge mo ta trong phan sau (ACI 2.2).
Acp = Dién tich dugc bao boc bdi chu vi ngoai ciia mat cat ngang bé tong
A,p, = Dién tich duoc bao quanh boi duong tim cia cbt thép chiu xodn ngang ngoai ciing
A, = Tong dién tich dugc bao quanh boi dudng cit dong chay
Pcp = Chu vi ngoai cung ctia mat cit ngang bé tong
pr = Chu vi duong tim cua cdt thép chiu lyc xodn ngang khép kin ngoai cuing.
Khi tinh toan cac thudc tinh ctia phan lién quan dén cdt thép, chang han nhu A,, A, va py, gid
dinh rang khoang cach giita dudng tdm cta thanh dai kin ngoai cling va bé mat bé tong ngoai
cung 12 50mm. Piéu nay twong dwong véi khoang bao vé 38mm va mot dai kin 12mm. Véi gia

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

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

Trong d6, kich thudc tiét dién b, h va ¢ dugc 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 ning chiu xoin cwc han
Ngudng giéi han xoén Ty, va gidi han xoan nirt Ty, ma xoan trong tiét dién c6 thé bo qua duoc

tinh nhu sau:

2
Tyn = 0.083,/f/ (A—g) 1+-Jee (ACI22.7.4.1, Bang 22.7.4.1a)
Pep 0.33\/f_c’
2
T., = 4 x 0.083,/f) (;—g) 1+-2¢  (ACI22.7.5.1g, Bang 22.7.5.2)
cp

0.33\/70’

Trong do f, la mg sudt nén bé tong tai trong tim cua tiét dién; ¢ = 0.75 13 hé s6 giam cudng
d6 cho xoén, f7 1a cuong do chiu nén cta bé tong.

3.4.3.4. Xic dinh c6t thép chiu xoin

Néu d6 xodn tinh toan T, nhé hon gi61 han ngudng, Ty, do x0én ¢6 thé dugc bo qua mdt 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¢d xoan. Tuy nhién, néu T, vuot qua giéi han ngudng, T, gia thiét rang strc khang xoan duogc
cung cap bai dai kin, thép doc, va ving nén bé tong (ACI 22.7.1, 22.7.6.1). Luu y rang cudng
do cdt thép doc, fy va cuong do cdt thép ngang, fyt, dugc gidi han & 420MPa (ACI 20.2.2.4a),
ngay ca khi dac tinh vat liéu dugc xac dinh voi gia tri cao hon.

Néu T, > T, cbt thép dai kin yéu cau duogc tinh toan nhu sau:

A _ Tytan®
S P24, fye

(ACI 22.7.6.1)
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Va dién tich cdt thép doc duoc tinh nhu sau:

A = —Pr (ACI22.7.6.1)

- $24,fytand

R ) A, o A Ao Ae 1 :R
Trong d0, gia tri nho nhat cua ?t dugc lay toi thieu nhu sau:

A min 2 ()42](@ - (%) pn (%) (AC19.6.4.3a)

0'42\IfC’ACP 0.175b ot
> —_ 243
Al,mln = fy ( fye ) Pn (fy) (ACI 9643b)

Goc 0 duoc lay bang 45 do. Tiéu chuan cho phép lay bat ki gi tri ndo tir 30 dén 60 do.
Mot gia tri gidi han trén caa to hop V, va T, duoc thyuc hién cho tiét dién bang cach kiém tra

cong thtrc:

2
Vu\% | ( Tupn Ve ;
J () + (—1-7A3h) < ¢ (2= + 0.66y/f) (ACI22.7.7.1a)
Néu su két hop cua 1, va T,, vuot qué gidi han nay, mot thong bao 16i s& duoc dua ra. Trong
truong hop do, tiét dién bé tong nén dugce tang kich thudc.
Khi yéu cau cdt thép chiu xodn (T, > T,,) thi dién tich cdt dai ngang kin va dién tich cdt thép

chiu cat déu phai thda man gidi han sau.

%
(%24 2%) 2 max 0.062£b,ﬁb (ACI9.6.4.3b)
S S fyt Iy

Néu phuong trinh nay khong théa man véi A, /s va A, /s dugc tinh toan ban dau, 4, /s s& duoc
tang 1én dé thoa man didu kién nay. Trong truong hop d6, A, /s khong can phai dap tng ACI
Muc 9.6.6.3 mot cach doc lap.
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