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Tém tit

Bai bao nay trinh bay nguyén tic tinh todn cbt dai (khi khong dit cbt xién) cho dim bé tong cbt thép (BTCT)
chiu tdc dung dong thi ciia luc phan bd déu va luc tap trung bang hai cach tiép can: (i) Theo phuong phap giai
tich va (ii) Theo phudng phap thuc hanh - sit dung bang tinh Excel. Cdc nguyén tic chung trong phan tich tinh
toan va mot thi du thuc hanh dugc gi6i thiéu cho thiy: (i) Viéc khai trién theo phuong phdp gidi tich kha phiic
tap nhung thuc chét 13 bién luin hai ham hyperbol theo su rang budc ctia tham s6 ¢ (1a chiéu dai hinh chiéu 1én
truc dam tinh tir gbi tua t6i diém cudi ctia khe niit nghiéng); va (ii) Phuong phép thuc hanh thuc chét 12 bai todn
ki€m tra, c6 uu diém don gidn va cho két qua nhanh do tin dung t6i da su trg gidp clia cong cu ban tinh Excel
dé dua ra hinh anh tryc quan vé Iuc cit bét Igi tac dung 1én dam va kha ning chiu lvc cit giéi han ctia bat ky
khe niit nghiéng nguy hiém nao xuit hién trén dam.

Tir khod: dAm; bé tong cbt thép; luc cat; ct dai; Iuc phan bé; luc tap trung.

CALCULATION OF STIRRUPS IN REINFORCED CONCRETE BEAMS SIMULTANEOUSLY SUBJECTED
TO UDL AND POINT LOADS

Abstract

This paper presents the calculation of stirrups (without inclined reinforcing bars) of reinforced concrete (RC)
beams subjected to simultaneous actions of uniformly distributed loads (UDL) and point loads using two ap-
proaches: (i) Analytical derivation and (ii) Practical analysis using Excel spread sheets. General analysis prin-
ciples are introduced followed by a worked example. It is shown that: (i) The first approach seems to be com-
plicated but is actually to argue two hyperbolic functions following the term ¢ (which is the projection length
on the longitudinal axis of the beam from the support to the end of the inclined crack); and (ii) The second ap-
proach is actually an analysis with the advantage of simplification owing to the Excel spread sheets tool which
is capable of showing the ultimate acting shear force together with the nominal shear capacity on an arbitrary
critical inclined crack of the beam.
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1. Gidi thiéu
Ddi v6i dam bé tong cbt thép (BTCT), trong khi cbt thép doc dugc thiét ké dé chdng lai su pha

hoai trén tiét dién thang goc tai nhitng doan dim c6 mémen udn 16n thi cdt thép dai va cdt thép xién
dugc b tri di qua nhitng khe niit nghiéng trén nhitng doan dam c6 luc cat 16n. Nhitng cbt thép nay -
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goi tat 1a cdt dai va cbt xién, goi chung 1a cbt ngang - can dudc tinh todn sao cho dim khong bi pha
hoai trén tiét dién nghiéng [1-4].

Tiéu chuin thiét ké két ciu BTCT ctia cdc nudc tién tién trén thé gidi dua ra nhiing céch tiép can
khéac nhau trong viéc tinh todn, thiét ké c6t dai cho dam BTCT. Tiéu chuin Hoa Ky [5] cho phép ké
t6i c4 bé tong (va tuong tac gitfa cdc cbt lidu tai hai bén mép vét niit nghiéng), cdt thép dai va hiéu ting
chét ciia cbt thép doc khi kiém tra cudng do trén tiét dién nghiéng ctia dam. Tiéu chuin chau Au [6]
quy dinh diéu kién han ché vé ing suAt nén chinh trong bé tong & bung dim can phii dudc thda min
trude khi tién hanh cic buéc tinh toan tiép theo. Piéu kién cudng do trén tiét dién nghiéng dudc kiém
tra dua vao phuong phap tinh toan thanh chéng - giing va chi xét t6i kha ning chiu luc clia cic cot
thép dai di qua cic tiét dién nghiéng c6 géc nghiéng gia dinh tir 22° dén 45° v6i truc dAm ma khong
ké t6i kha ning chiu Iuc ctia bé tdng. Bén canh do, diéu kién neo thép doc ciing can phai dudc ki€ém
tra cling vé6i bai todn tinh toan cot dai.

Trong tiéu chuan thiét ké két cAu BTCT hién hanh ctia Viét Nam TCVN 5574:2012 [7] va tai liéu
huéng din c6 lién quan [1], bai toan thiét ké ct dai va cdt xién dudc trinh bay dua trén tiéu chuin
thiét ké ctia Nga [8], trong d6 ca bé tong viing nén va cbt thép ngang déu dudc huy dong vao cudng do
trén tiét dién nghiéng ctia dim, véi diéu kién han ché ting suit nén chinh ctia bung dam. Tiéu chuin
TCVN 5574:2012 [7] thuc chét dugc ddi tén tif phién ban trudc d6 1a TCXDVN 356:2005, von dudc
chuyén dich hoan toan ti tiéu chuin ctia Lién X6 (cii) 1a SNiP 2.03-01-84* [8]. Sau nhitng nim 1990,
Lién bang Nga d thay thé phién ban tiéu chudn cii nay l1an ludt bang céc tiéu chuidn SNiP 52-01-2003
[9], SP 52-101-2003 [10]) va SP 63.13330.2012 [11]. Trong mot vai nim gan day, Viét Nam tién hanh
bién dich tiéu chudn SP 63.13330.2012, chuan bi thay thé cho phién bidn TCVN 5574:2012. Trong
cc phién ban méi ciia tiéu chudn Nga, di c6 mot sb thay ddi trong cic hé sb khi tinh todn cbt dai
trong dam BTCT [10-12].

Tuy nhién, nhiing tiéu chudn va tai liéu néi trén ciing déu chii yéu dé cap tdi thiét ké ct ngang cho
dam chi chiu luc phan bd hoic chi chiu luc tip trung. Trong khi d6, con c6 it thong tin vé ly thuyét
va thi du thuc hanh dé cip t6i viéc tinh toan cbt dai (khi khong dit cbt xién) cho ddm BTCT chiu tic
dung dong thdi ctia luc phan bd déu va luc tip trung.

Bai bdo nay giai quyét van dé néu trén thong qua viéc gidi thiéu nguyén tic chung vé phan tich
tinh toan cdt dai dugc téng hop tli cac phién ban tiéu chudn thiét ké két ciu BTCT cda Viét Nam [7] va
Lién bang Nga [8—10], tif d6 dé xuat hai cach tiép cin gdm: (i) Phuong phap giai tich; va (ii) Phuong
phép thuc hanh - sit dung cong cu bang tinh Excel. M6t thi du thuc hanh dudc tién hanh dé€ minh hoa,
tir d6 mot sd nhan xét vé thiét ké cdt dai cho dam BTCT chiu Iuc phiic tap theo hai phuong phap néu
trén dudc it ra & phan cubi clia bai béo.

2. Nguyén tic tinh toan

Xét modt ddm don gian c6 nhip L, tiét dién chit nhat b X h, v6i chiéu cao 1am viéc hg. Vat lidu bé
tong co6 cuong do chiu nén va chiu kéo tinh todn tuong tng 1a R, va Ry, Cudng do chiu kéo tinh toan
ctia thép doc va cbt dai 1an lugt 1a R, va Ry,,. Dam dudc thi nghiém chiu tai trong phan bd déu g; cling
v6i hai lIuc tap trung Q; dit dbi xing nhau va déu cach hai gbéi mot khoang a;. Trong nghién ciu thuc
nghiém, d€ dam bi pha hoai do cit (ma khong phai do ubn), a; thudng nhd hon 3k (Hinh 1(a)). Hinh
1(b) biéu dién biéu dd luc cit ctia dAm véi gia tri luc cit 16n nhit Omax xult hién tai hai gbi.

Gia st kha ning chiu ting suat nén chinh ctia bung dam dudc dam bao theo diéu kién trong biéu
thae (1) [1, 7-11]:

Qmax < 0,3Rbbh0 (1)
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Hinh 1. DAm don gian chiu dong thai luc phan bb déu va luc tip trung

Bén canh d6, gia st dim c6 di kha ning chiu luc trén tiét dién thang gdc tai giita nhip nhung lai
bi ph4 hoai trén tiét dién nghiéng theo mot khe niit nghiéng nguy hiém xuét phat tit mit dudi ctia dAm
tai gan gbi tua va phat trién 1én phia mit trén dim theo mdt géc nghiéng @ so véi truc dam (Hinh 2).

g 0,5hy~2hy 2ho ~3ho

| [ I [ [
! A tga=1:0,5~1:2 tga=1:2

Daii nén nghiéng bung dam ?

0,5L co=cC ‘ C

(a) Khe nitt nghiéng trén dam do luc cat (b) Phan dam dugc tach ra

Hinh 2. Su pha hoai do Iuc cat qua céc tiét dién nghiéng

Cic quan sat thuc nghiém [1-3] cho thiy ring: (i) Khi di€ém dau ctia khe nit xuét phat tit mép gbi
tua, géc nghiéng « thay ddi véi gid tri tir 1:2 dén 1:0,5, nghia 1 hinh chiéu ctia diém cudi clia khe
ntit nghiéng 1én truc dam sé cach gbi tua mot khoang tir 0,5y dén 2h; va (ii) Khi diém dau ctia khe
ntit khong xuit phat tit mép gbi tua, géc nghiéng « gilt nguyén gid tri 1:2 va diém cudi ctia khe nit
nghiéng ludn cach gdi tua theo phuong truc dim mot khoang khong 16n hon 3hy.

Goi co va ¢ 1an lugt 1a chiéu dai hinh chiéu 1én truc dam tinh tit diém dau t6i diém cubi ctia khe
ntit nghiéng va tit mép gbi tua tSi diém cudi clia khe niit nghiéng. Nhu vy c6 thé coi mot cach gan
dung rang:

0,5hp < ¢ < 3hy (2a)
co=c khi 0,5h¢ < ¢ < 2hg (2b)
co=2hy khi 2hg<c<3h (2¢)

Tach phan bén trdi khe niit nghiéng ra khéi phan con lai ctia toan bd dam (Hinh 3), cc cot thép
doc (véi dién tich tiét dién ngang 12 A,) va cbt dai (véi dién tich tiét dién ngang 14 Ay, va khoang cich
gilta hai dai 12 5) di qua khe nut nghiéng dugc thé hién & Hinh 2(c). Tai trang thdi gi6i han (TTGH),
ting suit kéo trong cdt doc va cbt dai déu dat téi cudng do tinh todn tuong dng clia ching [1].

Diéu kién cudng do theo luc cit ctia phan dim dang xét dudc biéu dién nhu sau:

0 < O 3
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Hinh 3. So d6 tinh toan cudng do trén tiét dién nghiéng

trong d6 Q 1a Iuc cit bt 1gi do tai trong tinh todn gay ra trén phan dim dang xét:

QO = Omax — q1C khi ¢ <ay (4a)
O =0max—qic— Q1 khi c2>a (4b)

c6 thé thy ring gia tri tai trong ¢, va Q cang 16n thi Q gidm cang nhanh khi ra xa gbi tua. Do viy,
d€ an toan trong thiét ké, cdc dai lugng nay thudng dudc xac dinh bang 100% tinh tii cong véi 50%
hoat tai (tuong dng thanh phan dai han).

Qg 12 khé ning chiu cit tai TTGH cta phan ddm dang xét [7-10]:

Qgh =0p+ Osw (5)

véi Qp 12 kha ning chiu cit ctia bé tong viing nén tai di€ém cubi ciia khe niit nghiéng va dudc xac dinh
bing cong thic thuc nghiém:
1,5Ry,bh

Op=—"— (6)
c

va Qy, 12 kha ning chiu cdt ciia cic thanh cbt dai (c6 s6 nhanh la n, dudng kinh ¢ va dién tich tiét
dién ngang mdi nhéanh 12 ay, = 7¢*/4) di qua khe nit nghiéng:

st = 0,7551ch0 (73)
qxvv - RSWASW - RSWnaSW (7b)
S s
trong d6 g, thda man diéu kién pha hoai déo:
dsw 2= qsw,min = 0,25Rpb (8)

Do vay, biéu thiic (5) c6 thé dugc trién khai theo céc bi€u thiic (6) va (7a):

1,5Ry,bh}
Qgh = f +0,75¢wco )

Néu da biét Ry, b, ho va gy, dai lugng Qg trong biéu thic (9) 12 mot ham ctia hai bién ¢ va c.
Tuy nhién, do hai bién nay lién hé v6i nhau & biéu thidc (2), biéu thiic (9) c6 thé dudc khai trién dé trg
thanh mdt ham chi ctia riéng bién ¢ nhu sau:

1,5Rybh} .
Qgn = ——— +0,75g5,c  khi 0,5hy < ¢ < 2hy (10a)
C
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1,5Ry,bh; '
Qgh = f + 1,5gswho  khi 2hg < c < 3hg (10b)

Tém lai, ban chét clia viéc tinh toan cbt dai trong dam BTCT khi khong dit cbt xién 1a xdc dinh
céc thong sb ¢, n va s sao cho gid tri gy, tinh theo biéu thiic (7b) ddm bao diéu kién ctia cac biéu thiic
(3), (4) va (10) trén moi khe nit nghiéng nguy hiém c6 thé xuét hién trén dam. Trong cic muc tiép
theo, hai cach tiép can d€ gidi quyét bai todn niy dudc dé xuit bao gdm: (i) Phuong phap giai tich; va
(ii) Phuong phap thuc hanh - st dung bang tinh Excel.

3. Phuong phap giai tich

Xét trudng hop ¢ < ay, két hop céc biéu thic (3), (4a) véi biéu thic (10) ta cé:

1,5Ry,bh} .
Omax — q1c £ — +0,75g5,¢c  khi 0,589 < ¢ < 2hy (11a)
1,5Ry,bh} .
Omax — q1¢ £ —— + 1,5¢swho  khi  2hg < ¢ < 3hy (11b)
Thuc hién chuyén vé:
1,5Rybh? ,
Omax < [Q)1 = ——— +(0,75¢5w + q1)c khi  0,5hp < ¢ < 2hg (12a)
c
1,5Rybh} ,
Omax < [0l = —— + qic+ 1,5gswhy  khi  2hg < ¢ < 3hg (12b)

Khi chura xét téi cc diéu kién rang budc ctia ¢, c6 thé thiy riang [Q]; va [Q], 1a cac ham hyperbol
theo bién ¢ va dat gid tri cuc tiéu tai cac hoanh do tuong tng 12 ¢; va ¢, dugc xéc dinh theo diéu kién:

diol, _ [ 1R
de 0=a= (0,75¢5w + q1) (15

2
Aol __, . _  [LORub
dc q1

(13b)

Do c; 1a mot ham cda bién chua biét gy, nén c6 thé thay gid tri ggy.min = 0,25Rpb vao biéu thiic
(13a) dé xac dinh gid tri ban dau ctia ¢;. Pay chinh 14 gia tri cin trén cda ¢; do g, ludn phai thda
man diéu kién pha hoai déo trong biéu thic (8).

Néu ¢ va ¢, théa man cic diéu kién rang budc thi c6 thé thay cac biéu thic (13) tuong ting vao
(12) d€ x4c dinh gia tri nhé nhit cta vé phai (Hinh 4(a)):

Omax < [Ql1 min = \/6Rbtbh3(07756hw +q1) khi 0,5h <c; <2h (14a)
Omax < [Qlomin = /ORubhiq1 + 1,5q0,ho  khi  2hg < ¢3 < 3hg (14b)
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Hinh 4. D) thi cta cic ham [Q], va [Q]»

T d6 xac dinh dugc:

Onw P khi  0,5h0 < ¢1 < 2hg (15a)
4,5Rybh} 3

Omax — \/6Rbtbh%QI

qsw2 2 1.5hg khi  2hg < ¢ < 3hg (15b)

qswl >

Nhung néu c¢; va c; khong thda min cdc diéu kién rang budc, cidc ham vé phai sé dat gid tri nhod
nhit tai cdc cén trén ctia bién ¢ (Hinh 4(b)), nghia 1a 1an ludt thay ¢ bang 2k va 3ho vao vé phai clia
céc biéu thic (12a) va (12b):

Omax < [Q15 21 = (0.75Rub + 1,5q0, + 2q1)ho khi 1 > 2hg (162)
Omax < [Q1521 = (0,50Rpb + 1,5q0, + 3q1)ho  khi ¢z > 3hg (16b)

Tir d6 xac dinh dudgc:

3 1 4 .

gowie = 3 Q};‘:" ~ SRub= a1 Khi i > 2hy (172)
3 1

done > 22m L g Kni e > 3ho (17b)
2 ho 3

Nhu viy, nguyén tic chung xéc dinh cot dai tinh toan la:

Néu 0,5ho < ¢1 < 2hg va 2hgy < ¢z < 3ho thi ggy = Max (gswl> Gsw2s Gsw.min) (18a)
Néu 0, 5h¢ < c1 < 2ho va ¢z > 3hg thi gy, > max (Ggw1» Gsw2er Gswmin) (18b)
Néu ¢ > 2hg va 2hg < ¢3 < 3ho thi g, > max (¢aeis Gsw2s @sw.min) (18¢)
Néu ¢ > 2hg va ¢ > 3hg thi ggy = max (Gswis> Gsw2s> Gsw.min) (18d)

Trong trudng hop ¢ > ay, tit bi€u thiic (4) c6 thé tinh gy, theo bi€u thiic (16)—(18) vdi gid tri Omax
trong céc bi€u thic (15) va (17) dugc thay bﬁng hiéu s6 ctia (Qmax — O1).
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4. Phuong phap thuc hanh - sit dung bang tinh Excel

Trong phuong phap nay, cic thong sd vé hinh hoc, vat liéu va tai trong dudc khai bo vao cic 6
(cell) cuia bang tinh Excel, do viy gia tri ctia cdc biéu thuc (3), (4) va (10) ¢6 thé dudc xac dinh mot
cach truc tiép. V6i mdi thong sb ¢ dudc bién ddi tit 0,5k dén 3hg v6i budc nhay 1a 0,025k, s& c6 mot
gia tri tuong ting ctia luc cat bit I6i Q xic dinh theo biéu thiic (4) va kha ning chiu luc cat téi han Ogh
xéc dinh theo bi€u thic (10). Céc dai lugng nay dudc cong cu bang tinh vé thanh d6 thi truc quan. Gid
tri gy, (dudc xdc dinh thong qua cic thong sb ¢, n va s clia cdt dai) sé dudc ngudi ding dua vio va
thay d6i cho dén khi do thi clia Qg nam phia trén va sat nhét v6i do thi ctia Q, tai d6 chinh phuong
4n cdt dai tinh toan.

5. Thi du tinh toan

Muc nay trinh bay mot thi du thuc hanh tinh todn c6t dai mot dam BTCT don gidn L = 6 m, tiét
dién chit nhit b x & = 250 mm x 600 mm, chiéu cao lam viéc iy = 560 mm. Dam chiu tic dung ddng
thoi clia tai trong phan bd tinh todn g; = 50 kN/m cuing hai luc tip trung ddi xiing c6 gia tri Q1 = 40
kN va cach hai ddu dam mot khoang a; = 1,0 m (Hinh 1). Vat liéu bé tong c¢6 cudng dd chiu nén va
chiu kéo tinh toan tuong ung la R, = 8,5 MPa va Ry, = 0,75 MPa. Cudng d6 chiu kéo tinh toan cia
thép doc va cbt dai tuong tng 12 R, = 280 MPa va Ry, = 175 MPa.

Gia tri luc cat 16n nhét xuét hién tai gbi: Omax = 0,5¢1L + Q1 = 190 kN. Kiém tra diéu kién
dam bao kha ning chiu ting suit nén chinh ctia bung dam, xdc dinh dudc vé phai ctia biéu thic (1) 1a
357 kN 16n hon Qmax = 190 kN. Gid tri can duéi clia gy, tinh theo bi€u thic (8) 12 ¢yy.min = 46,875
N/mm. Sau déy 12 két qua tinh toan c6t dai theo hai phuong phap da néu & muc 3 va 4.

5.1. Theo phuong phdp gidi tich

Xac dinh gia tri cin trén cla ¢ bﬁng cach thay ggymin = 46,875 N/mm vao bi€u thic (13a) thu
dudc ¢; = 1018 mm thoa man diéu kién ¢; < 2o = 1120 mm.

T biéu thic (13b), x4c dinh dugc gid tri clia c; = 1328 mm théa mén diéu kién ¢, < 3ho = 1680
mm.

Gia tri can duéi tinh todn cua g, dugc xdc dinh tir biéu thic (15) 1a g5, > 69,766 N/mm va tir
bi€u thiic (18a) 1a g4, > 68,077 N/mm.

Tir d6 c6 g5y, > max (69,766; 68,077;46,875) = 69,766 N/mm.

Chon cbt dai hai nhanh ¢ = 6 mm (ay, = 7¢>/4 = 28,3 mm?) va s = 140 mm (ky hiéu la ¢65140)
dam bao s < Spax = Rb,bhé/Q =309 mm va s < s, = min(0,549, 300 mm) = 280 mm. Nhu vy g,
tinh todn dugc xac dinh theo biéu thic (7) 12 g, = 70,750 N/mm.

Gia tri thuc té ctia ¢; dudc xdc dinh theo biéu thic (13a) 1a ¢; = 925 mm thdéa man diéu kién
c1 < 2hy = 1120 mm.

Kiém tra diéu kién trong biéu thiic (14a): [Q]imin = 190,7 KN > Quax = 190 kN va trong biéu
thic (14b): [Qlo.min = 192,2 kN > Qnax = 190 kN.

C6 thé thay trén Hinh 5 rang vé6i luong cot dai thiét ké ¢6s140 da chon & trén, cac ham [Q]; va
[Q], déu dat gi4 tri cuc tiéu tai cac hoanh dd tuong tng 12 ¢; va ¢, théa min diéu kién rang budc va
dugc ddm bao ludén nam phia trén ctia dudng Qpax = 190 kN.

Quy trinh tinh todn trén diy dugc thuc hién trong trudng hop ¢ < a;. Khi ¢ > ay, gy, van dugc
tinh theo céc bi€u thic (14) va (18) nhung véi gia tri Qmax dudc thay bé“lng hiéu 6 ctia (Omax — O1),
do vy van dam bao diéu kién cudng dd véi ¢y, = 70,750 N/mm.
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5.2. Theo phuong phdp thiuc hanh - sit dung bdng tinh Excel

Khi st dung cong cu bang tinh Excel, ngudi diing c6 thé thi nhiéu phuong 4n thiét ké cho cbt dai
bing cach nhap truc tiép cac thong sd ¢, n, s d€ Iua chon phuong an phit hgp nhit dua trén tuong quan
gitta Iuc cat Q bt 16i do tai trong tinh toan giy ra va kha ning chiu cit t6i han Q,n nhu trong biéu
thuc (3).

Nhu dudc minh hoa trén Hinh 6, ba phuong 4n Iua chon cdt dai 12 ¢65100, ¢65140 va $65200
dugc thé hién bing ba bi€u dd Qg tuong ting.

Déi v6i phuong dn ¢65200, tif ¢ = 650 mm dudng bi€u dd O, di xubng phia dudi dudng biéu
dd Iuc cat Q va do vay diéu kién cudng do khong dugc thoéa man. Trong khi d6, d6i véi phuong an
$65100, dudng biéu dd Qg & phia trén khd xa dudng bi€u dd lyc cit Q va khong kinh té. Phuong
dn ¢65140 ddm bio diéu kién cudng do tai moi tiét dién nghiéng ¢ va biu dd Qg sat Q nhét tai
¢ = 925 mm, tuong tu nhu két qué ctia phuong phap gii tich trong muc 5.1.

5.3. Thdo ludn

Tir viéc thuc hién tinh todn va thiét k& cbt dai theo hai phuong phap dudc trinh bay & cic muc trén,
c6 thé rit ra cdc nhan xét sau:

- Phuong phép gidi tich thuc chit 1a gidi quyét bai toan thiét ké. Phuong phap nay ning vé toan
hoc, khéi lugng tinh todn kha 16n do phai bién luan nhiéu trudng hop clia ¢ va ¢, d€ tim gid tri cuc
ti€u cho cac ham vé phii [Q]; va [Q],. Ban than cdc ham niy khong c6 nhiéu y nghia vat Iy ma chi
don thuan 12 cdc ham toan hoc. Do vy, khi sit dung phuong phap nay ngudi thiét ké khé cam nhan
dudgc su lam viéc chiu cat ctia dAm mdt cach thuc chit va ro rang. Hon nifa, trong trudng hop gid tri
ban dau ctia c; (tinh V6i qg,.min) VUOt qua 2k, ngudi sit dung c6 thé phai thuc hién thém mot sé phép
tinh 13p d€ x4c dinh gid tri gy, cudi cling théa man diéu kién rang budc ciia c;.

- Phuong phdp thuc hanh st dung cic phép tht dan va chon lai (trial and error), nén thuc chit
12 bai toan kiém tra. Phuong phap nay tin dung t6i da hiéu qua cta viéc 4p dung cong cu bang tinh
Excel, do vdy vita tranh sa da vao cdc cong thiic va bién luin todn hoc phic tap, vira cho két qua rat
nhanh va truc quan. Bing hinh 4nh tuong tic giita luc cat bat 16i Q tic dung 1én dam vé6i kha ning
chiu luc cit t6i han Qgn - tuong tu nhu khai niém bi€u do6 bao vat liéu khi thiét ké cho cbt thép doc -
phuong phap nay phan anh day di y nghia ctia viéc tinh toan theo TTGH do diéu kién cudng do trén
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tiét dién nghiéng theo luc cit dudc ddm bao thda man trén tit c cdc mit cat nghiéng nguy hiém ctia
dam (Hinh 7).

- Phuong phap thuc hanh gitp 1am rd dugc su déng gbp clia bé tong (Qp) va clia cdt dai (Qy,) vao
khé ndng chiu cit t6i han ctia dAm (Q,;) nhu trén Hinh 7. Bi€u dd cho théy tai cdc tiét dién nghiéng
cang ra xa gbi tua, kha ning khang cét ctia bé tong giam dan va ctia ct thép dai ting dan cho tdi khi
dat gia tri cuc dai tai khoang cach 2hy.

- Trong trudng hop dim chiu lyc phan bd v6i quy luat bat ky ¢;(x) dong thsi véi nhiéu luc

tap trung Q1, Qa,..., Qi ..., Q, dit tai cic diém cich gbi tua bén trai nhiing khoing tuong tng 14
ai,as,....di,...,a, < 3ho, cac biéu thic (4a) va (4b) trd thanh:
c
0= O [ it Khi c<a (192)
x=0
¢ i—1
0 = Omax — fql(x)dx— Z Q; khi a>czaivéii=2+n (19b)
x=0 J=1

D& thiét k& cbt dai trong trudng hop ndy, néu st dung phuong phap giai tich sé khé xic dinh ngay
dugc gid tri cuc tiéu ctia cac ham vé phai [Q]; va [Q]» do su ¢6 mit ctia ham tich phan sau khi chuyén
vé. Tuy nhién, vin dé kho khin nay c6 thé dugc khic phuc mot cach don gian trong phuong phép thuc
hanh do biéu dd ctia ham Q trong cac biéu thiic (19a) va (19b) cé thé dudc thiét 1ap dé dang bing cong
cu bang tinh Excel trén bat ky tiét dién nghiéng nguy hiém nao ctia dim trong khoang (0,5k¢, 3h)
tinh tir gbi tua.

Thi du trinh bay trong muc nay dudc thuc hién trén mot dam tinh dinh. V6i dam siéu tinh BTCT
thuong gip trén thuc té (nhu dam lién tuc, dim trong khung v.v. . .), cdc phuong phap néu ciing c6 thé
dudc ap dung bang cich tich cic doan diu dam trong khoang 1/4 nhip ra khao sat va st dung gid tri
luc cat 16n nhit Qpqx tai hai dau dim thu dugc tir két qua phan tich noi luc.

6. Két luan

Trong bai bdo nay, cic nguyén tic chung ciia tiéu chuidn Nga va tiéu chuin Viét Nam trong phan
tich tinh toan cbt dai (khi khong dit cbt xién) cho dam bé tong cbt thép (BTCT) chiu tic dung dong
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thdi ctia luc phan bd va luc tap trung da dudc hé théng héa va phat trién thanh phuong phép giai tich
va phuong phap thuc hanh. Két qua trinh bay trong thi du tinh toan cho thiy trong khi phuong phap
giai tich niing vé khai trién va bién luin todn hoc thi phuong phap thuc hanh ciing cho két qué tuong
tu nhung nhanh va truc quan hon. Cong cu bang tinh Excel c¢6 kha ning cung cip hinh anh cta biéu
dd bao vat liéu khi chiu cit ctia doan dim nguy hiém nim trong khoang (0,5h ~ 3hg) - tuong dng
véi khoang 1/4 nhip dam tinh tit gbi tua (do chiéu cao tiét dién dAm thudng dugc chon bing 1/8 dén
1/12 nhip dam). Do vay, phuong phéap thuc hanh gitip ngudi st dung hiéu rd sy 1am viéc ctia két cAu
BTCT, vita giam dudc khdi lugng tinh todn, viia tranh dudc cic sai s6t khong ddng c6 trong cong tic
thiét k&. Hon nita, phuong phdp thuc hanh ciing c6 thé dudc dp dung hiéu qua d€ tinh toan cbt dai khi
dam chiu tac dong dong thdi ctia luc phan bd khong déu va nhiéu luc tap trung - 1a trudng hop thudng
gip trong thuc té, con c6 it tai liéu dé cap t6i va khé dudc gidi quyét bang phuong phap giai tich. Cac
phuong phép néu trén c6 thé dudc phat trién ap dung cho céc bai toan phan tich, thiét ké cot dai cling
véi cbt xién ciing nhu ¢t dai cho dim ting luc trudc va cho cot BTCT (khi c6 thém thanh phan luc
nén) v.v...
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