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TINH TOAN SO SANH VIEC BO TRi COT KEP TRONG DAM BE TONG
COT THEP THEO CAC TIEU CHUAN

CALCULATION AND COMPARISON OF DUAL REINFORCED LAYOUT IN BEAM
REINFORCED CONCRETE IN ACCORDANCE WITH STANDARDS
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2S¢ Xdy dung thanh pho Da Nang

Toém tat: Hién nay, cé nhiéu cong trinh xay dwng dwoc nwéc
ngoai dau tw vao Viét Nam, viéc thiét ké tinh toan cac céng trinh
nay da st dung cac tiéu chudn khac nhau. Bai bao nay nghién
ciu dam bé téng cbt thép chiu ubn dat cbt kép theo cac Tieu
chuan (Tiéu chuan Viét Nam TCVN 5574:2012; Tiéu chuan Chau
Au Eurocode 1992-1-1 va Tiéu chuan My ACI 318-2002), qua tinh
toan rat ra két luan vé anh hwéng cla cbt kép va sy khac nhau
gita cac tiéu chuén. Trong dé Tiéu chudn TCVN 5574:2012 c6
gia tri nhd nhét trong ba Tiéu chuan (TCVN 5574:2012; Eurocode
1992-1-1 va ACI 318-2002). Tuy nhién néu tinh téng dién tich cbt
thép chiu lwc ving kéo va nén thi gia tri xap xi gan béng nhau.
Viéc b tri cbt thép chiu nén 1am ting d6 ctirng chdng uén cla
dam, do d6 lam giam do véng, tuy nhién hiéu qua 1a khéng qua
I&n so véi lwong thép chiu nén phai bé tri.

T khéa: Xay dung; Dam; Bé tong cét thép; Cbt kép; Po véng;
Vung nén bé tong

1. Pit van dé

Hién nay, c6 nhiéu cong trinh nudc ngoai du tu vao
Viét Nam duoc tinh toan thiét ké theo cac tiéu chuan khac
nhau, viéc tinh toan bo tri cot thép & ving nén cua dam bé
tong cot thép co theé do cau tao hodc dugc tinh toan theo
cau kién chiu uon dat cot kép.

Theo yéu cau kién tric, can phai giam chiéu cao dam,
khi d6 c6 thé bo tri cot kép d€ dam bao kha nang chiu luc
cua dam, tuy nhién can luu y dén viéc kiém tra di€u kién
lam viéc cua cau kién trong giai doan st dung.

C6t thép duge dat vao ving nén véi cac 1y do sau:

+ Nham muc dich ting kha niang chiu luc cua dam
BTCT trong diu kién ti€t dién dam bi han ché do yéu cau
kién trac.

+ Giam co ngot va tir bién ciia bé tong trong dam va
tang tinh déo cua bé tong vung chiu nén.

Dam c6 bd tri ¢bt thép & ving nén c6 thé chuyén tir
pha hoai don sang pha hoai déo.

Vén dé dat ra can nghién ctu cach tinh toan, so sanh
két qua va danh gia anh huong cta cot thép & ving nén
trong dam gitra cac ti€u chuan va gitp cho céc nha tu van
thiét ké luu y khi str dung tiéu chuén cua cac nude dé tinh
toan va kiém tra.

2. Co sé 1y thuyét tinh toan ciia cac Tiéu chuin
2.1. Tiéu chuén Viét Nam TCVN 5574:2012

Trong khi tinh toan cdt thép don, néu am = M/Rp.b.h?,
> oR tue 1a diéu kién han ché vé pha hoai déo khong dugc
dam bao thi c6 thé dit cot thép vai dién tich cot kép A's
vao vlng nén. Trong tiét dién vira c6 cot thép chiu kéo Vi

Abstract: Currently, there are many buildings invested by foreign
investors in Vietham . The design calculations of these works
have been based on different standards . This paper studies
reinforced concrete beams of reinforced bending double under
the Standard ( TCVN 5574:2012; 1992-1-1 Eurocode Standard
and American Standard ACI 318-2002 ) . Through calculations,
the conclusions on the impact of dual core and the differences
between standards will be drawn. Of the three standards (TCVN
5574:2012; Eurocode 1992-1-1 and ACI 318-2002), the TCVN
5574:2012 has the smallest value. However, the total reinforced
area of the pull and the compression forces are of
approximately equal value. The compression reinforcement layout
increases the bending stiffness of the beam, thereby reducing
deflection, but the effect is not too high compared with a
compression steel layout.

Key words: Construction; Beam; Reinforced concrete; Rebars;
Flexions; Concrete compressive area

dién'tich cbt thép As vira ¢6 cbt thép chiu nén A’s nén goi
1a tiet dién c6 dat cot kép.
2.2. Tiéu chuin Chau Au Eurocode 1992-1-1

Trong khi tinh toan Vc(')t thép don, néu K > Kpa = 0,167
tirc 1a diéu ki§:n han'ché ve pha hoai déo khong dugc dam
bao thi co the dat cot thép A's vao ving bé tong chiu nén.
Trong tiet dién vira c6 cot thép chiu kéo As vira ¢6 cot
thép chiu nén A’s nén goi 1a tiet dién c6 dat cot kép.
2.2.1. Anh huong ciia cét kép dén dg ciing cdu kién

a. Anh hwéng dén kha ning chéng nirt cia dam:

Momen khang nut cua tiét dién:

bh?
M_ =f

cr ctm
6

b. Anh hwéng dén dd vong ciha dim trong
truong hop cé khe nirt trong ving kéo:
Do cong cia dim twong tmg vdi tiét dién khong bi nirt

nhu sau:
[E] __M
r uc Ec,eff Iuc

Khi c6 tinh c6t kép thi mémen quén tinh cia tiét dién
khong bi nirt dwgc tinh nhu sau:

bh3 2 ' n2
Iuc :T_'_aep%(d _X) +aeA§(X_a)

Do cong ciia dam véi tiét dién bi nut duoc xac dinh
nhu sau:
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E
r cr Ec,eff Icr

Khi c6 tinh c6t kép thi momen quén tinh ciia tiét dién
bi nat dugc tinh nhu sau:

I, =bi+aAg(d x)? +a,A (x—a’)?

Do cong trung binh cta ciu kién duoc xac dinh dwa
trén d6 cong tai tiét dién c6 khe nut trong ving kéo bi nut
va tiét dién khong bi nut:

L¢(3) +(1—§)[ij
r r)., r.

Do cong cua cau kién 1a tong cia do cong do cac tai
trong dai han va d¢ cong do co ngot:

1 1,1
r, r re

Do vong 16n nhit ciia dam:

1
A = k.L? —
LS

Khi ¢6 cbt kép thi moémen quan tinh cua tiét dién tang,
do do @6 vong cua dam s€ giam.
2.3. Tiéu chuin My ACI 318-2002

Cac gia trj Gmg suét biép dang cua so dd ding trong
tinh toan cau kién chiu uon cot thép don co6 gia tri nhu
sau: bién dang bé tong vung chiu nél} €cu bang 0,003, cot
thép vung kéo As dat cuong do fy, cOt thép viing nén A’
dat cuong dg fy, bién dang cua cbt thép chiu kéo & lay
theo tmg suit cua thép va bang fJ/Es. Ung suét bé tong
dat gia tri 0,85f,
2.3.1. - Anh hurong ciia cot kép dén dé cimg cdu kién:

a. Anh hwong dén kha ning chéng nit ciia dim:

b. Mémen khang nit ciia tiét dién:

1, f
__9 r
M, =
Yt

c. Anh hwéng dén d§ vong ciaa dam trong trudng
hop c6 khe nirt trong ving kéo:
D¢ vong cua dam duogc xac dinh theo cong thure :

M1 2

EC I e

A =k

max

Trong d6: e - mémen hi€u qua cua tiét dién

3
_Icr)

+(n-DA(c—d)’

Do vong tang thém do chiu Iyc cing véi cac yéu td
thoi thoi gian bang viéc nhan thém hé so nhu sau:

_ T
1+50p"
Téng d6 vong theo thoi gian s& 1a:
ALt = AL + AoAp + AiALs

Trong do:

AL — d6 vong ban dau do hoat tai gdy ra trén cau kién;

Ap — d% vong ban dau do tinh tai gy ra trén ciu kién;

Avs — d0 vong ban dau do hoat tai tac dung thue té gy
ra (mdt phan ctia A. xac dinh theo tai trong thyc té nay);

A — hé s6 nhan cho thoi gian vo cling clia tai trong tac
dung dai han;

M — hé s nhan cho thoi gian tac dung c6 thoi han cua
tai trong.

Khi ¢6 xét dén C(f)t kép trong dam thi gi tri I s& ting,
do do6 @6 vong cua dam s€ giam.
3. Vi du tinh toan
31 Vidul

. Xet dam don gian chiu tai trong phan bd déu véi cac

s0 liéu nhu sau:qnhip 1=10m; b=80 cm; h = §0 cm;
Tinh tai tiéu chuan g° =46 kN/m, hoat tai tiéu chuén p® =
59 kN/m. Cap bén cua bé tong 1a B30, nhom cot thép
AlllL.

Xéc dinh dién tich cbt thép cua dam.

YYYYYYYYYYYYYYYYYYYYYYYYY c=59 (kN/m)
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYYYYYYYYYY C=46 (kN"Im)
I 10000 g

(800x500)

Hinh 3.1. So d6 tai trong
3.1.1. Tiéu chudn Viét Nam TCVN 5574:2012
Cin clr vao cip bén cua bé tong va nhom cdt thép ta
co:
Rb - 17 MPa Rsc - Rs
Tinh téi tinh toan: g" = n.g°
(v6in=1,2-1,3);
Hoat tai tinh toan: p" = n.p® =
(véin=1,1-1,2);
Tong tai trong tinh toan: q% = g + p = 59,8 + 70,8 =
130,6 KN/m.
Momen 16n nhét do tong tai trong gay ra:
)z B 130, 6 x10?
8 8

365 MPa.
= 1,3x46 = 59,8 kKN/m

1,2x59 = 70,8 kKN/m

M =9

=1632,5(kN.m)

Tinh or:
ar = &r(1- 0,5&r) = 0,541(1-0,541x 0,5) = 0,395
Tinh oum:
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M 1632,5x10°
@y =——s = ~=0,649 > @ = 0,395
R.bh; 17x800x430
Do d6 phai dat cbt thép kép
3.1.2. Tiéu chudn Chédu Au Eurocode 1992-1-1
Cin cr vao cAp bén cua bé tong va nhom cdt thép, ta
co:

fo = 25 MPa; fyg = 347,8 MPa.
Tinh tai tinh toan: g" = n.g¢ = 1,5x46 = 69 kN/m (véi
n=1,5);

Hoat tai tinh toan: p® = n.p® = 1,35x59 = 79,65 kN/m
(voin=1,35);

Tong tai trong tinh toan: q = gt + p® = 69 + 79,65 =
148,65 kN/m.

Momen 16n nhat do tong tai trong gy ra:
‘1?2 148,65x107
8 8
Kiém tra diéu kién han ché:
M 1858,13x10°
bd? f, 800x 430% x 25
Do d6 phai dat cdt thép kép.
3.1.3. Tiéu chuan My ACI 318-2002
Chuyén ddi don vi tir hé SI sang US ta co:

b=80cm=31,76in; h=50cm =19,85in; =10 m
=397 in.

= 46 kN/m = 263 Ib/in; w. ¢ =

M =9

=1858,13(kN.m)

=0,502> K, =0,167

59 kN/m = 337
Ib/in.

d=43cm=17,07in; d’=7 cm = 1,99 in.

¢ = 17/1,2 MPa = 2,054 ksi; f, = 60 ksi; Es =
Ksi.

29000

Tinh tai tinh toan: wp® = n. wp® = 1,2x263 = 315,6
1b/in (v6in = 1,2);
Hoat tai tinh toan: wi " = n. w.® = 1,6x337 = 539,2

Ib/in (véin = 1,6);

Toéng tai trong tinh toan: wt = wp! +
539,2 = 854,8 Ib/in.

Momen 16n nhét do tong tai trong gy ra:
w"l’>  854,8x397°

w " = 3156 +

M = R a— =16840521(Ib —in) =16840,5(k —in)
Gia thiét ham luong ct thép P = pmax = 0,75 pp
87

... =0,75 085 c B

y

p. =0,75/0,8522%0 85 87 _1_0 011
60 87+60

87+f

Dién tich cbt thép (cbt don) 16n nhét:
Asmax = pmaxbd = 0,011x31,76x17,07 = 5,95 in?,
Tinh a:

5,95%x60
0,85x2,054x31,76

Af,

= = = 6, 44in
0,85f.b

Tinh moémen do phin bé téng ving nén c6 thé chiu
duoc:

6'244) — 4947k —in

M, =Af, (d —‘;) =5, 95><60(17, 0

Tinh mémen con lai, tdp trung cho thép chiu nén:

Mpne = My — Mps = 16840,5 — 4947 = 11893,5 k-in.
Tinh Cs:
C, = M, _ 118935 _ 788, 38kips
d—d' 17,07-1,99
Tinh &:
g =0,o3°‘OI =o,037’57‘1’99 =0,0022 > ¢, =0,0013
s c 7,57 y

Vay thép vung nén chay déo.

Bing 3.1. Két qua tinh todn cot thép chiu kéo va chiu nén

As A's As +
Tiéu chuén (c (c As
m?) m?) (cm?)
TCVN 14 51, 198,2
5574-2012 6,92 3 2
Eurocode 14 93, 238,0
1992-1-1 4,22 87 9
ACI 318- 12 87, 210,4
2002 3,15 29 4
3.2. Vidu 2

Xét dam don gian chiu tai trong phan b déu véi cac
s6 lidu nhu sau: 1 = 10 m; b = 100 cm; h = 60 cm; Cdt
thép chiu kéo As = 195 cm?; Cét thép chiu nén A’s = 105
cmZ hp =93 cm; a’ = 5 cm; Tinh tai tiéu chudn g° = 50
kN/m, hoat tai tiéu chuén p® = 60 kN/m. Cip bén cua bé
tong 1a B30, nhom cdt thép AIIL

Xac dinh kha nang chdng nit va d vong ciia dam.

YYYYYYYYYYYYYYYYYYYYYYYYY p=60 {kN/m)
YVVVVVVVVVVVVYVVVVVVVVVYV!g= (kN/m)
10000 |

(1000x600)

Hinh 3.2. So d6 tdi trong

3.2.1. Tiéu chudn Viét Nam TCVN 5574:2012

Cin ctr vao cip bén ctia bé tong va nhom cdt thép ta
co:
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Rbyser =22 MPa, Rbt'ser = 1,8 MPa. Momen khéng nut cia tlét dlén
Eb = 32,5 x 10° MPa; E; = 20 x 10*MPa. h2 1 2
i M, = £, 2 265 10006007 _ 15 7oknm
Rsc - Rs 330 MP& 6 6X O
Momen 16n nhat do tong tai trong gay ra: Mer < M€ = 1375 KNm.
tc tcy]2 2 Do d6 dam bi nut.
+ | 50+60)x10 : .
M = (9 8p ) = ( ) =1375(kN.m) b. Tinh d§ cong trung binh ciia dam 1/r:
Momen 16n nht do tinh tai gay ra: Tinh d6 cong trung binh cua cau kién 1/r:
1 1 1
tCI 2 l 2 I — — —_ N
m=9 1" _350x107 _ so5ikn.m) =<7 ) Ta=9)| ¢
8 8 cr uc
a. Tinh kha niing chéng nit: =1,34x10¢ 1/mm.
Mere = Rot,serWhi c. Tinh d9 cong trung binh ciia dim do co ngot

Mere = 1,8x1,68x108 = 302,31 kNm.
Mere < M€= 1375 KNm.
Do dé dam bj nut.
b. Tinh dd cong & gitra nhip do tac dung ng‘fm han
1 |v|
n E.A

ciia toan b tai trong 1/r1:
Yy _
VEb Aa,red
= 2,73x10'6 (1/mm).
c. Tinh d cong & giita nhip do tic dung ngin han
ciia tai trong dai han 1/r2:
Tinh twong tu nhu trén véi gia tri M = 625 kNm.
i M Ws Yy —
r-2 As VEb Aa ,red
=1,04x10° (1/mm).
d. Tinh d) cong ¢ giira nhip do tac dung dai han
ciia tai trong dai han 1/r3:
Véi gia tri M = 625 KNm.

1_M ( v, W, J:
A% VEbA‘b,red

!
=1,53x10° (1/mm).
e. Tinh d9 cong toan phan 1/r:
11 1 1

= === +==(2,73-1,04+1,53)x10° = 3,21x10° (L/ mm)

r ri. rZ r.3

f. Tinh d9 vong ciia dam & tiét dién giira nhip:

fo2f L |2—3
48 48

3.2.2. Tiéu chudn Chdu Au Eurocode 1992-1-1
Cin clr vao cdp bén cua bé tong C25/30 va nhom cbt
thép S400, ta cé:
fox = 25MPa; f,q = 347,8 MPa; fum = 2,6 MPa.
Eem = 31000 MPa; Es = 20.10* MPa.
a. Tinh kha niing chong mit:

l//s

3,21x107° x (10x10%)? = 33,48mm

1/res:
Bién dang do co ngét tu do &cs = 0,0004.

Tinh d6 cong trung binh ciia ciia ddm do co ngot 1/res:

1 _ g[ij N (1_(;)[ij
rcs rcs cr rCS uc

=1,34x10° 1/mm

d. Pd cong ciia dim 1/rp:
1 1 1 s
—=—+—=(1,34+134)x10
I’-b r cs
e. P vong 16n nhit cia dim A:
Vo6i L =10mtaco:
|_2 1 612 -6
A= E— =0,125x (10x10°)“x 2,69x107" = 33,63mm
Ty

=2,69x107°(1/ mm)

3.2.3. Tiéu chudn My ACI 318-2002:

Chuyén ddi don vi tir hé SI sang US ta cé:

Momen 16n nhét do tinh tai gdy ra:

M — wels _ 286x397?

8 8

Momen 16n nhat do hoat tai gay ra:

Wcl_ln2 _ 343x 3972
5 =

I” _ 397 _ =24,81in > h =23,62in

hmin
16 16

Do d6 can tinh d6 vong.

= 5629596(in — Ib)

M = — 6755515(in — Ib)

Momen khang nut:

I f
M, =-or = 432442380, 7 ) 415838in—Ib
Y, 11,81

Me < M = 6755515 in-Ib.

Do d6 dam bj nut.

- Trudng hop chiu tinh tai:
M, _ 1415837 _ 0.25
M 5629296

a

- Truong hop chiu thém 50% hoat tai:
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Mo _ 1415837 ~ 0,16 10 | 195 5 4321 | 37,12 |4533
M, 5629296 + 0,5x 6755515
. B 20 195 10 41,46 36,57 44,53
- Trudng hop tinh tai va hoat tai:
M. 1415837 011 30 | 195 15 39,93 | 36,09 |43,76
M, 5629296+6755515 40 | 195 21 3858 | 3565 |43,02
D0 vong ngan han v6i k = 5/48: 50 | 105 | 26 | 3738 | 3525 |4230
MI? 5x397°M M . 60 | 195 31 36,29 | 3490 |[41,61
A =k—"= — =0,0055— (in)
E.l, 48x2,94x10°I, I, Do vong (mm)
Trudng hop chiu tinh tai: I = 57435 in* A | A AR ITOUN | o ode | ACH
T ;g2€9_596 | emyjemy ] 00574 | yoq, 1 | 38
Ap =0,0055————— =0,55(in) 2012 2002
27435 70 195 36 35,31 34,57 40,94
- Trudng hop chiu thém 50% hoat téi: le = 57608 in*. ’ ' '
80 195 41 34,41 34,27 40,29
Ay, =0,0055 20290 0.9XBT00IS 1455902959 _ 55y | 90 | 195 46 3360 | 34,00 |39,66
57608 57435
- Truong hop tinh tai va hoat tai: Ie = 57642 in“ 975 | 195 50 33,02 33,81 |39,20
A, =0,00555629596 + 6755515 ) . 5629596 _ (o Tir Bang 3.3 v& do thj thé hién anh hudng cta cot thép
57643 57435 chiu nén dén do vong cua dam trong Hinh 3.3.
2%
Do vong dai han: g £
ALt = AL + AoAp + AiALs = =
ALt = AL+ Aofp + AiALs = 1,53 in = 38,75 mm. T[ 22 53
Bing 3.2. Két qua tinh todn mémen khdng mitt va dé vong: v = % = E; _-5! E;
RN AEe
Momen Do g i o
Tiéu chuin khang nirt vong L SEHEE
(kN.m) (mm) =
TCVN 5574-2012 302,31 33,48 - = |2 B3
Eurocode 1992-1-1 121,72 33,63 = |5 28
ACI 318-2002 159,99 38,75 =8 8|S
 Tién hanh 13p bang tinh d vong voi gid tri A’ thay =|Z|g|g
déi tir (0 — 50)%As. Két qua tinh toan duoc thé hién trong
Béng 3.3 =223
Bing 3.3. Két qua tinh todn d¢ véng voi dién tich cot thép gl | s o
chiu nén thay doi: I Bl i B =
Do vong (mm) 5 SE |= E i
% T u Tuoa (e ‘:1 L;j T
A’s As (A’ /A) TCVN Euro ACI i (, g s ' il 2l
cm?) | (cm? SIS ) Hinh 3.3. D6 thi thé hién,dnh hwong cua cot thép chiu nén
(cm?) | (cm?) 5574- | code gégz on 1 vong
2012 | 1992-1-1 Théong qua cac vi du tinh toan co thé rit ra nhimng
0 | 195 0 4523 | 37,73 |46,15| nhanxétsauday: q
- Ve dién tich cot thép chiu nén: Theo Ti€u chuan
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TCVN 5574:2012 c6 gié tri nho nhit trong ba Tiéu chuan
(TCVN 5574:2012; Eurocode 1992-1-1 va ACI 318-
2002). Tuy nhién néu tinh tong dién tich cot thép chiu luc
vung kéo va nén thi gia tri xap xi gan bang nhau.

- V& kha ning chong nirt cua dam: Chi c6 Tieu chuén
TCVN 5574:2012 khi tinh toan c6 xét dén dién tich cot
thép chiu nén.

- Vé do vong cua dﬁm; Viée b‘é tri c6t thép chiu nén
lam tang d0 ctng chong udn cua dam, do d6 lam giam do
vong, tuy nhién hiéu qua la khong qua 16n so voi luong
thép chiu nén phai bo tri.

4. Két luan

- Khi bb tri cdt thép chiu nén can quan tdm dén diéu
kién dam bao sy lam viéc dong thoi gitra bé tong ving
nén va cot thép. Trong Tiéu chuan TCVN 5574:2012
chua dé cdp cu thé dén han ché ham lugng cot thép chiu
nén.

- Khi xet dén’c(')t thép dat trong vung nén cua dam thi
do cing chong udn cua dam dugce tang 1én va do vong cua
dém s€ giam, tuy nhién hiéu qua la khong qua 16n so voi
lugng thép chiu nén phai bd tri. Muc d¢ anh hudng cua

ham luong cbt thép chiu nén dén do vdng cua dam theo
Ti€u chuén Eurocode 1992-1-1 va ACI 318-2002 la
khong dang ke.
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