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MOT SO PHUONG PHAP GIA CUONG
KET CAU COT BE TONG COT THEP
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Tom tat: Két cdau cot bé tong cot thép (BTCT) trong nhitng cong trinh da sir dung ldu ndm bi xuong
cap do tac dong cia nhiéu nguyén nhan khdc nhau nhw tdi trong, khi hdu, hod chdt an mon, su co.

Hay nhitng céng trinh bi hw hong do nhitng sai sot trong cdc khau khdo sat, thiét ké hodc thi cong
hodc do nhu cau thay déi vé sir dung nhw cdi tién céng nghé, déi méi thiét bi, thay doi cong ndng
dan dén thay doi so do két cdu, thay déi tdi trong va nhitng cong trinh ¢6 nhu cau mé rong nhw mo
réng mdt bang, ndang thém chiéu cao, thém tang... can phdi dwoc gia cwong, sia chita bdang cdc
phirong phdp khdc nhau. Trong bdi bdo ndy, giéi thiéu ba phwong phdp dung dé gia cuong két ciu
cot: (1) phirong phdp tang tiét dién, (2) phieong phdp p thép hinh, (3) phwong phdp dan tam sgi

tong hop (FRP)

Tir khoa: Gia cudng, cot bé tong cbt thép, tang tiét dién, thép hinh, vat liéu cdt soi.

1. GIOI THIEU CHUNG

Két ciu bé tong cbt thép chiu tac dong cua
moi truong xung quanh dudi cdc hinh thai
khac nhau nhu cac tac dong co hoc, 1y hoc,
héa hoc va nhirng hu hong, sy ¢d do nhirng sai
sot trong cac khau khao sat, thiét ké hodc thi
cong. Nhitng tic dong nay dan dén tinh trang
khong con dap tng dugc cong nang su dung
cong trinh hoic mit an toan vé phuong dién
chiu tai (Hinh 1). V&1 nhitng tac dong dac biét

nhu dong dét, chay né... c6 thé gay ra nhiing
su ¢d nghiém trong, c6 khi dan dén tinh trang
sup d6 ting phan (Hinh 1) hodc toan bd cong
trinh. D¢ cai thién vé mit chiu tai trong ciing
nhu céng ning nhim dam bao an toan, ting
tudi tho hodc tang hi¢u qua st dung cua cong
trinh can phai gia cudng, stra chita cic bo
phan két cu cong trinh do.

Bai bao nay s€ gioi thi€u cadc phuong phap
gia cuong két cau cot bé tong cdt thép.

Hinh 1. Két cau cét BTCT bi phd hoai
a) Phd hoai do dan mon; b) phd hoai do déng ddt; ¢) phd hoai do tic déng co hoc

2. CAN CU PE THIET KE GIA CUONG

Theo TCVN 9381-2012 “Chi din danh gia
mirc d6 nguy hiém cta két ciu nha”, cdu kién
cot bé tong cot thép dugc danh gia 1a nguy hiém

! Truong Pai hoc Thuy Loi.

khi ¢6 mdt trong nhitng hi¢n tugng sau:

+ Cot chiu Iyc co vét nit thang dung, 16p bé
tong bao vé bi bong troc, cbt thép chiu luc 16 ra
do bi d4n mon, hodc mdt bén cd vét nut ngang
v6i bé rong 16n hon 1 mm, mot bén bé tong bi
nén vd, cot thép chiu luc 1o ra do bi an mon;
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+ Cot bi nghiéng, chuyén vi ngang va do
nghiéng vuot qua 1% do cao, chuyén vi ngang
vuot quéa h/500; (h — chiéu cao tinh toan cia cot)

+ Bé tong cft bi mun, bi carbonat hoa,
phong 10p, dién tich hu hong 16n hon 1/3 toan
mat cat, cot thép chiu luc 16 ra, bi an mon
nghiém trong;

+ Cot bién dang theo phuong ngang 16n hon
h/250, hodc 16n hon 30 mm:;.

Két cau bé tong cot thép can dugc gia cudng
trong cac truong hop:

+ Khi tinh trang hu hong ctiia két cdu di dén
mirc khong thé 4p dung cac bién phap sta chira
dé phuc hdi kha ning chiu tai;

+ Khi ¢6 sy thay d6i vé cong nang st dung,
kha ning chiu tai cua két cau cii khéng con dap
ung dugc su tac dong cua tai trong mdi voi so
db tinh toan tuong Ung.

Thiét ké gia cuong két cau bé tong cot thép
phai dya trén cac nguyén tac:

+ Phu hop voi yéu cau su dung cong trinh,
két cAu sau gia cuong khong giy can tré dén
hoat dong khai thac cong trinh;

+ Dam bao kha nang chiu tai trong tdc dong.

+ Yéu cau két cdu don gian, dat hiéu qua cao
vé kinh té va k¥ thuat;

+ D& thi cong, phu hop véi diéu kién vat lidu,
phuong tién va trinh d¢ thi cong.

3. CAC PHUONG PHAP GIA CUONG
KET CAU COT BE TONG COT THEP

3.1 Gia cwong ¢t BTCT bang phuong
phap ting tiét dién

3.1.1 Phén céu tao

Thuc té cho thiy c6 thé ting kha ning chiu
tai clia két cAu 1én 1,5+ 21an va tiét kiém dwoc
vat liéu.

Tang vé 2 phia hodc 1 phia tuy theo yéu cau.
Chiéu cao tang phu thudc két qua tinh toan.
Pudng kinh cdt doc tir ¢14 +¢$25 . (Hinh 2)

Tang tiét dién bang cach 6p bdn phia. Phuong
phap nay rat thich hop vi cot.

- Cbt thép va chiéu day cia bé tong 6p xac
dinh theo tinh toan (Hinh 2)

- Uu diém: Phan bé tong méi va bé tong cii
gan chdt vao nhau do tinh co ngoét cta bé tong
moi tao nén su lam viéc dong thoi.

Hinh 2. Gia cuong bang cdch tang kich thude tiét dién cét

3.1.2 Phan thiét ké

a. Gia cuong cét chiu nén ding tdm bang
mot vo do.

Dbi voi cac cot chiu nén ding tam:

Dién tich A4,, cua 16p vo 4o khi tai trong gia
tang duoc xac dinh:

N,=¢(R,(4,+A4,)+ R (4,+4,)) (1)

Ny - luc doc quy ddi do cac tai trong tinh
toan, dai han va ngén han.

R; - cuong do chiu nén tinh toan cta bé tong

Ry - cudong do chiu nén tinh toan cua cot thép

Ay - dién tich bé tong cua cot ban dau

A, - dién tich cbt thép doc cua cot ban dau

Ay - dién tich c¢6t thép doc cua 16p vo 4o

Trong cong thirc (1), quan diém tai trong gia
tang dugc bé tong ctia vo 4o chiu nén cdt thép
doc trong vé 4o chi dat theo cAu tao va chi léy
bang 1% dién tich bé tong vo:

A4,=0,014, (2)

Dién tich vé a0 dugc xac dinh:

N
- RbAb - RSL'AS

4, =2 3)
" R,+0,01R

b. Gia cuong cot chiu nén léch tam bc%ng
ting tiét dién vé mét phia.

Dbi véi cac cot chiu nén léch tam 1on: Bicu
dd ung suat va so do tinh toan duoc thé hién
dudi (Hinh 3).
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Hinh 3. So' do tinh todn gia cuwong cot chiu nén léch tam 1om bang tang tiét dién

Thuong cho trude chiéu day d cia phin mo

! ; ) Thay thé cac hé sé vao biéu thic (4) ta duoc:
rong vung kéo roi tinh cot thép can tang cuong A4y, .

\ : "R, N
Diéu kién can bang luc cho: A, = A, RSC +A4, - A Y )
N = bbe + Rsc A; - R.s' As‘ - R.s' Ast (4) b ’
: M,=Ne—R A -a R A
Khi a,<0,5(h' ~a) thi: j=Ne=R.A,(h—a +a)+RAa, (©)
Chiéu cao viing nén x: Khi a, > O’S(h - a) thi:
= N-R A +RA+R A, (5) Chiéu cao ving nén x xac dinh tir phuong
bR _ trinh (4):
Mo men uon can bang do1 véi trong tam cot N-R A +0,8R A +R A, ’
thép A, : x= bR (57
b
Ne—R A (ho —-a +a0) —bR,x(Iy+a,—0,5x) +R Aa, (6) R N
trong do: 4, =4 RSC +4,-0,84 —— (8"
e = eO+ O,Sh'_a ’ ' \ ’
, M, =Ne-R A (h—a +a,)+0,8R Aa, (9")
h=h+d )
M, = bbe(hO +a,— O,Sx) (7) D61 voi cac ¢t chiu nén I1€ch tAm nhd bé:
Biéu thirc (7) chinh 13 mé men udn dbi voi tiét Khi do 1éch tam nho thi gia cuong cot bang
dién b(hy + ay) trong d6 bo tri dién tich cot thép Az cach tang tiét dién ddi v6i vang nén.
Ast
< o — AstRse
- T =
B I 722 2 — As Rsc N
_ B e e A
- Nb
< As ,SIO 'ﬁ O
TRV ARy
b
Hinh 4. So' do tinh todn gia cwong cot chiu nén léch tam bé bang ting tiét dién
Cho trudc chiéu day d ciia phin mo rong, di M6 men tinh hoc toan bd tiét dién chiu luc
tim luwong ¢t thép doc gia ting A, cho ving m¢  ctia bé tong sau khi gia cuong la:
rong nay. Sy=b(h+d) (10)
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Phuong trinh can bang ¢ dang:
0= Ne+0,4R,b (h,+d)’ = R A (hy—a)~ R4, (h+d -a)(11)

Dién tich cbt thép doc gia cudng:
_ Ne+0,4R,b(hy+d) =R 4. (h,—a) (12)
o Rxc(h0+d—al')

trong d6: e = e, + 0,54 —a
3.2. Gia cuong cot BTCT bang thép hinh

Hinh 5. Gia cuong cét BICT bang cdch

3.2.1. Phén ciu tao 7 ép thép hinh.

La phuong’ phép Sfl” delg thép hin}} d? tao  a) Cot duoc gia cuong. b) Thanh op. c) Ban gidng
nén mot h¢ thong két cau to hop gilra két cau bé 3.2.2. Phin thiét ké
tong cot thép va két cau thép cling dong thoi a. Tinh kha nang chiju luc ctia cdt sau gia cuong
tham gia chiu tai D061 voi cac cft chiu nén diung tam

- Uu diém: Ta c6 cong thirc:

+ Thi cong don gian, nhanh chong, gilt nguyén N, < go(RbAb + RoA + m 2R, As) (13)

duge kich thude tiét di¢n cot. trong d6: N, = Nw (14)
+ Khong anh hudng dén khong gian st dung, m

nhanh chong dua cong trinh vao st dung tang

kha nang chiu lyc cua cot 1én duoc 2 - 2,5 lan

Ng- luc doc quy doi;
N - luc doc tinh toan cho phan tai trong dai han
my - hé s6 anh hudng cua tai trong dai han

(c6 the Ién t6i 71 00 - 200 tan). dén kha niang chiu luc cia két cAu manh
- Nhuoc diém: my - hé so6 di€u kién lam viéc cua thanh
+ Tiéu hao luong thép twong ddi 16n so v6i  chong, lay m, =0,9 theo thuc nghiém.
cac phuong phap khac. Dbi vé6i cac cot chiu nén léch tam 16n:
a) b) ¢
h h h
D, € F . X X
( 0 ) F ( F
AL TAs A TAs - TAs
. A‘S \: e} . AS \: e} A‘S \ e}
|

m(l SFO | As Rs AS RS Il’li SFO | A'S RS AS RS m07 SFO | A'S Rs AS RS
& | & | & 1]
A o N N
Nel e IN N
el SRS L]
eo h/2 ’ eo h/2 ’ eo h/2
€ € | e €

Hinh 6. So' do tinh todn gia cwong cot chiu nén léch tam 1ém bang thép hinh
a) Khi cot nén léch tam lon, lyc nén N nam ngoai cot. b.) Khi cot nén léch tam lon,
lyc nén N nam trong cot. ¢) Khi cot nén léch tam nho.
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Viéc gia cuong cot bang cac thanh chdng &
mdt phia chiu nén cua cot phu thudc vao vi tri
cua lyc nén tinh toan & phia ngoai tiét dién cot
hay & trong tiét dién do.

Cot chiu nén I¢ch tam 1on 1a khi ving nén
x<0,55h,

Piéu kién can bang luc cho:

N =bRx+R (A +m,F,-A,) (15)

Trong do:

Fo - Luc tac dung 1én mdi cip thép goc chong
tang cuong, dugc xac dinh bdi cac h¢ thuac (19),
(20) va (21) tuy vao truong hop cdt nén dung
tam hay léch tam;

Chiéu cao ving nén x xac dinh bang phuong
trinh can be‘ing momen d6i véi truc luc doc N:

-Theo so d6 tinh toan (a), nghia 1a khi
e, >hy,—a'

e= ¢+ 0,5h—-a

e€=e¢-0,5h +a

e’ =¢— 0,50 + a”

‘= (h—e) + \/(ho—e)2+2R‘(A“e_AS “mbie’) (16)
Rb

- Theo so dd tinh toan (b), nghia 1a khi

e, <hy—a:

2Rs (Ase — As - mOF(‘)e”) ( 1 7)
Rb

x= (ho —e) +\/(h0—e)2+

Sau khi tinh dugc x, thi &p dung cong thic
(15) dé tinh kha nang chiu lyc cua cot dugce gia
cuong.

Dbi voi cac cot chiu nén 1éch tim nho:

Cot chiu nén léch tam nho khi x> 0,55 4,
dugc gia cuong bang cip thanh chéng & mot
phia cua cot.

Can bang ngoai mé men va ndi md men, lay
d6i voi cbt thép chiu luc nho nhat A, :
_0.4 Rbh’+R A (hy—a)+mRF,(h,—a”) (18)

e
Ghi cha: Di véi cot thép trong cot, ngudi ta
thuong liy R, = R..

N

b. Tinh tiét dién thanh chong gia cuong cot
Dbi voi cac cot chiu nén ding tam:
Noi lue Ny cua thanh chéng bang hiéu giita

tong tai trong N ma cdt phai chiu sau gia cudong
va khd ndng chiu luc gié1 han Ngj, cua cot trude
gia cuong
Ny=N - N,
Ny,— Tai trong t6i da ma cot chiu dugce khi

chua gia cuong;

Ny, :go(RbAb +RSAS) (19a)
— NO
’ 2(pm0Rs (19)

DPbi v6i cac cot chiu nén léch tdm 16n va
duoc gia cuong mot phia:

Lap phuong trinh can bang mé men dbi voi truc
thanh chong, roi tir phuong trinh niy tinh ra x:

Khi ¢, > h, —a’ thi:
0=Ne’+ AR, (e’ —e”)—ASRs (e—€”)++R,bx(e—hy—€’+0,5x)

Khi ¢, <h,—a’ thi:
0= Ne’+ AR (e —e)— AR (e +e)++Rbx(e —hy+e+0,5x)

Sau khi tinh dugc x thi tinh tiét dién thanh
chdng gia cuong Fy bang cach chiéu tat ca cac
Iwc 1€n truc doc :

N-mRF,— AR —Rbx+ AR =0
N, R -R Rbx

myR, m,

Fy= (20)

myR,
DPéi vai cac ¢dt chiu nén 1éch tAm tdm nho va
duoc gia cuong mot phia:
Tiét dién thanh chdng gia cuong cot duoc
xac dinh bang cong thirc:
Ne—0,4R,bh; — R A, (h,—d')

F, = - (21)
’ myR, (ho -a )
3.3 Gia cuong cot BTCT bing vat liéu cot
soi tong hop

3.3.1 Phdn céu tao

Vat lieu FRP - Fiber Reinforced Polymer la
mdt dang vat licu Composite duoc ché tao tir
cac vat li¢u soi, trong d6 c6 ba loai vat li¢u soi
thuong duoc st dung 1a sgi carbon CFRP, soi
thuy tinh GFRP va sgi aramid AFRP.

bac tinh cta cac loai soi nay la c6 cuong do
chiu kéo rat cao, mo dun dan hoi rat 16n, trong
lwong nho, kha ning chong mai mon cao, cach
dién, chiu nhiét tot va bén theo thoi gian...
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Hinh 7. Gia cuong cot BTCT bcing vt liéu cot soi téng hop

3.3.2 Phan thiét ké

a. Kha nang chiu lyc cot bé tong cbt thép gia
cuong bang FRP

Pé tinh toan kha nang chiu luc cua cot bé
tong cot thép gia cudng bang FRP chiu nén
ding tam theo ACI 318-95 (1999) dua theo
cong thuc tinh todn kha nang chiu nén cua bé
tong bi bé bang FRP cua (Saadatmanesh, 1994)
hoac cong thic cua (Saaman, 1998). Cong thirc
tinh toan cho hai loai tiét dién tron va chit nhat
theo hai tac gia trén lan lugt nhu sau:

Tinh toan kha nang chiu nén cta bé tong bi
b6 bang FRP theo (Saaman, 1998)

Cong thuc tinh toan kha nang chiu nén cua
bé tong bi bo biang FRP cua (Saaman, 1998)
dang tong quat nhu sau:

fa=fe+ 338" (ki) (22)

f. — cuong d6 chiu nén tinh toan ctia bé tong
ctia khdi ling tru theo tiéu chuan ACI 318.

21 4ty

D

f. —ing suat né ngang ciia cot.

Doi véi tiet dién tron: £, =

S —img suét tiép tuyén cua tAm.

D - Puong kinh tiét dién cot.

Déi vai tiét dién chit nhat:

f =max\f,,f, |; vi cic gid tri frx, fy theo
cong thuc:

Ae . th
Jw= A, Pt s P :2Z
Ae . th
Iy :A_cpjj/ffu’pjj; 22?

t,, tuong Ung la chiéu day cua tim FRP va
ty, ty 1a kich thudce cua cot theo phuong x, .

Jfrw, fry tuong Ung la g suat nd ngang theo
phuong X, y cua cot.

Pp»>Py tuong tmg la ham luong cot thép
ngang theo phuwong x va y b tri trong cot.

voi A, 1a dién tich tiét dién chiu tac dung bd
ciia FRP cua tiét dién chit nhat, theo Sheikh va
Uzumeri (1980) ta c6 thé tinh A. theo cong
thirc sau:

w? +w’
Ae = tity - Ty “Ae—(A-m) 1t (23)

trong do: A, - dién tich tiét dién cot chir nhat.

r v A - 12 ban kinh ¢t thép doc cot va tong
dién tich c6t thép bd tri trong cot.

Wy, Wy 1a khoang ho cua cac thanh cdt thép
doc chiu luc theo phuong x, y tuong tng.

Vi ta ciing c6:f Sf;Ef .y = 1,1 d6i véi vat

f

liéu CFRP va y; = 1,8 ddi vé6i vat litu GFRP.
Gia tri &g c6 thé 1iy bang 0,3% ~ 0,55% tic 1a
0,003 ~ 0,005 theo Restrepol va De Vino (1996).

b. Kha nang chiu lyc cdt bé tong cbt thép gia
cuong bang FRP chiu nén dung tim

Theo ACI 318-95 (1999) ta c6 cong thuc tinh
toan kha nang chiu lyc ctia bé tong khong bi bod
chiu nén dung tam theo cong thirc sau day:

P, = 0,85 (Ac — Ag) + Afy (24)

trong do: A, va fy twong ung la dién tich cot
thép trong cot va gidi han chay cua cdt thép.
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Cong thirc tinh toan kha nang chiu luc cua
cot bé tong cdt thép gia cuong bang FRP chiu
nén dang tdm nhu sau:

Pr=085f¢ (Ac- Ac- As) + Aty + 0,85 A + Ay (25)
trong do: f°¢. 1a cuong do lon nhat cua bé
tong khi n¢ ngang.

4. KET LUAN

Bai bao da néu ra mdt vai phuong phap gia
cudng cot bé tong cdt thép. Mdi phuong phap déu
¢6 nhitng wu diém va nhuoc diém riéng cua nd.

Tuy nhién giai phap gia cudng bang vat lidu
FRP c6 nhitng uu diém rd rang so voi nhiing giai
phap truyén thong, cong nghé nay can dugc tiép

tuc nghién ctru, hoan thién vé hé thong tiéu chuan
thi nghiém, s tay thiét ké, quy trinh thi cong cta
vat licu FRP va dinh rd pham vi &p dung.

Viéc ap dung cac phuong phép gia cuong can
so sanh hiéu qua vé ky thuat, kinh té va diéu
kién thi cong ctia cac phuong phap gia cudng dé
dat hi€u qua cao nhét.

Trong céc tiéu chuan Viét Nam vé tinh toan
gia cuong cot bé tong cdt thép chua duoc trinh
bay cu thé, do d6 khi tinh toan gia cuong cac két
cAu cot cu thé can két hop vo1 cdc md hinh thi
nghiém dé dam bao ao toan cho két cau dugc
gia cuong.
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Abstract:
SOME METHODS FOR REINFORCEMENT OF REINFORCED CONCRETE COLUMN

Structural reinforced concrete columns (RC) of the works had been used long —term by the effects of
many different causes such as: load, climatic, corrosive chemicals or incidents. Buildings had been
damaged by survey, design or construction. Or demand of changes such as improved use of
technology, equipment changes, structural changes, load changes and works to expand as demand
expanded surface, raising additional height, additional stories... must be reinforced, repaired by
different methods. In this paper, three methods are introduced including: (1) column cross section
increasion method, (2) steel cladding method, (3) FRP fiber method.

Keywords: Reinforced, reinforced concrete column, increase cross secsion, steel, meterial fiber.
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