Slmgpon hoc Fﬁw %%j ]??@c 'Hf] @%]eéfgadu X’?&%’on http /AW, Sm?ﬁbgen ic Pﬁgdlgin\Xillgﬁi(rfli

Chuong 1: GIOI THIEU CHUNG VA CAC PHUONG PHAP THIET KE

1.1
1.1.1

1.1.2

1.1.3

NOI DUNG MON HQC
Muc tiéu

Muc dich ciia mon hoc nay la phat trién mot kién thiic chuyén sau vé cong trinh BTCT
chu yéu dwa trén cac phwong phap phat trién méi va ap dung gan day o cac nudc tién tién
Au My (tiéu chuan My ACI 318, tiéu chuan chau Au Eurocode 8). Muc tiéu chinh s& 13

cac hiéu biét vé& ché do lam viéc, phéan tich va thiét ké cac thanh phan, két cau, va hé
thong thuong dung trong cong trinh xay dung. 4 goai ra, phan tich dong dat va phuong
phép thiét ké chong dong dét ciing duoc gidi thi¢u ¢ muc do khai quat trong mén hoc nay.

Cac chi dé thuyét trinh

Co s0 giao trinh nay la céc bai giang cho hoc vién cao hoc - CIE 525 Reinforced Concrete
Structures - cua Prof. Andrew Whittaker (Buffalo University, a Y, USA, 2001). a 01 dung
chuong 12 gidi thicu chuong trinh CAST tinh gian ao - Computer Aided Strut and Tie -
cua Prof. Daniel A. Kuchma (University of Illinois at Urbana Champaign, IL, USA). a 61
dung chuong 13-15 tham khao bai giang - CE 2434 Behavior and Design of RC Elements-
cua Prof. John Wallace (California University, CA, USA).

Céc chu d¢ trinh bay bao gom:

Céc phuong phap thiét ké

Vit liéu bé tong cot thép

Phan tich mémen-do cong

Phan tich duong chay déo (vieldline analysis) ciia tim san

Phuong phap dai (strip-method) trong phén tich tim san

M0 hinh “gian 40” (strut and tie) trong thiét ké BTCT

Ché d¢ 1am viéc cua BTCT chiu tai gay udn, tai doc truc, va tai gay cat

Y V.V V V VYV V VY

Phén tich va thiét ké cong trinh chong dong dat

Tai liéu tham khao

Hoc vién cao hoc can tim tiéu chuan My ACI 318 Building Code, 2005 hay 2008

Mot s6 tai lidu tham khao hitu ich khac bao gf“)m:

[1] MacGregor, J. G., 1997, Reinforced Concrete Mechanics and Design, 3" Ed.,
Prentice Hall.

[2] Schaetfer, T. C., 1999, Design of Two-Way Slabs, SP 183, American Concrete
Institute, Michigan.

[3] Tjhin, T. 4 . and Kuchma, D. A., 2004, Computer Aided Strut-and-Tie, version 0.9.11,
University of Illinois at Urbana Champaign, Illinois.

[4] Priestley, M. J. 4 . and Paulay, T., 1992, Seismic Design of Reinforced Concrete and
Masonry Buildings, John Wiley.
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[5] Booth, E. and Key, D., 2006, Earthquake Design Practice for Buildings, 2" Ed.,
Thomas Telford Ltd.

[6] ICBO, 2000, International Building Code, International Conference of Building
Officials, Whittier, CA.

[7] FEMA, 2000, Prestandard and Commentary for the Seismic Rehabilitation of
Buildings, FEMA 356, Washington, DC.

[8] Bo Xay Dung, 2006, Thiét Ké Cong Trinh Chju Péng Pdt, TCXDVa 375-2006,
a XB Xay Dung, Ha a 1.

1.1.4 Thoi gian giang day (45 tiét)

Bai gidng (sé riéf) | Titu dé

Chuong 1 Gioi thidu chung va cac phuong phép thiét ké

(3 tiet - tuan 1)

Chuong 2. Vit liéu bé tong cot thép

(I tiet - tuan 2)

Chuong 3 B¢ tong cot thép bi ép ngang (confined)

(2 tiet - tuan 2)

Chuong 4 Phan tich mémen-d¢ cong

(3 tiet - tuan 3)

Chuong 5 Phén tich va thiét ké hé théng tdm san

(3 tiet - tuan 4)

Chuong 6 Phén tich duong chay déo ciia tim san

(3 tiet - tuan 5)

Chuong 7 Phuong phép dai trong phan tich tim san

(4 tiet- tuan 6-7)

Chuong 8 Mo hinh “gian 40”: khai ni¢m va mo hinh

(4 tiet- tuan 7-8)

Chuong 9 Mo hinh “gian 40”: nut - thanh chdng - thanh giang

(4 tiet - tuan §8-9)

Chuqng IQ Ché d¢ 1am viéc cua két cdu BTCT chiu luc udn va luc doc truc
(3 tiet - tuan 10)

Chuqng 1} Ché do 1am viéc cua két cdu BTCT chiu luc gay cat
(I tiet - tuan 11)

Chuong 12 Tinh toan gian ao bang chuong trinh CAST (Computer Aided
(3 tiét - tuan 12) Strut-and-Tie)

Chuong 13 Khai quét vé phan tich va thiét ké cong trinh chong dong dat
(4 tiet - tuan 13)

Chuong 14 Phén tich va thiét ké khung BTCT chong dong dat

(4 tiet - tuan 14)

Chuong 15 Phén tich va thiét ké vach ciing BTCT chdng dong dat
(4 tiet - tuan 15)
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1.2 THIET KE CAC HE THONG KHUNG KET CAU CHIU LUC

1.2.1 Cac van de can nghién ctru va han che trong thiet ke

Qua trinh thiét ke két cau bao gom cac van dé can nghién ctru sau:

1) Cobng nang va hinh dang cong trinh

> Truy tim thong qua cac phuong an thiét ké kién triic va thiét ké két cau
o nhu cau bao ham ca khong gian téng thé va noi dung bén trong
o cung cap do an toan cao cho nguoi thy huong
o Sy lam viéc thuan tién trong khong gian kém theo cua phuong an

> Sy mong mudn cia chu dau tu
o cong trinh ¢6 thé phat trién mé rong hon nira, ...

> 4 hu cau uyén chuyén trong thiét ké qui hoach va dé stra sang cai tao khi cho thué muon
o 6 thé gay ap luc trong viéc lya chon phuong an hé lgét cau chiu lyc: khung chiu

mo men (moment frame), vach cung, hay khung h¢ giang (braced frame)
2) Hiéu qua kinh té, va gia thanh x4y dung

» Cac ky vong cua chu dau tu: vi du don gia suat dau tu so voi cac du an khac, kha nang
hoan vén...

> Dung bé tong nhe nham lam giam t6i da tai trong 1én mong trong cong trinh nha cao ting
3) Do bén ving
» Su lam vi¢ce dai han, bao quan cong trinh...
o Dung bé tong nang cho cong trinh bao v¢
o Dung bé tong thuong (khong diung bé tong nhe) cho cac két cau chiu lyc bén ngoai

> Ap dung cac 16p phu ¢ kha nang thich nghi voi vét nit do bé tong bi co ng6t hay ding
cac 16p phu thém d¢ tang thém do bén vitng cua cong trinh

» Lam vi¢c trong moi trudng an mon
o Son phu epoxy lén céac thanh thép
o Dung cic h¢ thong chéng dn mon kiéu ca tot (cathodic protection systems)

4) Tong thé két cu

» Bao dam d¢ an toan cong cOng

> Thoa man cac qui pham. tiéu chuan xay dung qudc gia t6i thiéu, gom ASCE-7, ACI 318,
International Building Code

> Thiét ké bao dam chiu tai binh thuong (expected loads) va img xu déo (ductile response)
trong cac truong hop vuot tai (do tai trong luc, dong dét, no, ...)

> Thiét ké chiu moi (fatigue) trong mot s6 truong hop (nhu trong thiét ké cau)

> Do cling téng th€:: du 16n dé kiém soat do vong ngan han va dai han trong gioi han cho
phép va d¢ cuc tiu dao dong cong trinh
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4 hitng gi6i han dién hinh gi gay ap luc 1én k¥ su thiét ké két céu ?

1) 4 gin quy xay dung han ché tir chu déu tu

> Chi phi xay dung h¢ khung két ciu thuong thap hon 25 % tong chi phi cia du 4n
2) Phi dich vu k¥ thuat két cau

> €0 thé thap bang 1 % tong chi phi cia du 4n

> It duoc khuyén khich dé cach tan néu loi nhuan cua nguoi thiét ké bi map mo

3) Chu dau tu va/hodc kién trac su thiéu kién thirc

> s¢ gy tr¢ ngai trong cac thao luén vé cac van dé ma qui pham da qui dinh vé ing Xir cia

két cau va phuong phap thiét ké dé cai thién ché do lam viéc cua két cau

4) KV su thiét ké két ciu thiéu kién thirc

> 4 hibu k¥ su thue hanh dugc dao tao trude khi ra doi cac phwong phap thict k& dua trén

1.2.2

chuyén vi (displacement-based design) va thiét ké dua trén hi¢u suat (performance-based
design) va phan lon tin cdy vao cac phuong phap tuyen tinh cua phén tich két cau duge
trinh bay trong cac ti¢u chuan thuc hanh (vi du, 2000 IBC va UBC)

I’t’ k¥ suw két cau 1a chuyén gia ding cic phuwong phap méi dé phén tich va danh gia két
cau, vi du trinh bay trong FEMA 273 (Huong dan-Guidelines) va FEMA 274 (Binh luén-
Commentary) va FEMA 356 (Ti¢u chuan so b0-Pre-Standard)

Qui trinh thiét ké (5 buéc)

Thiét ké két chu (bao gdm phan tich, thiét ké, thiét ké chi tiét, va danh gia két cau) 1a mot
qua trinh nhiéu budc twong tac 1an nhau, ma thiét ké phai tuan theo tat ca cac qui tac bat
budc (bao gdm tu van vé kién tric, tu van vé quan 1y xay dung, tu van vé co-dién-nudc
M/E/P). Cac bude chii yéu cuia qui trinh thiét ké thong thuong cho cong trinh nha nhu sau:

1) Xac dinh cac gioi han cua dy 4n, bao gdm von, hinh dang nha va kiéu kién tric, cac
gidi han chirc nang (gdm bude cot, vat li¢u xay dyng, gioi han vé dich vu [d9 vong],
gioi han dao dong, d6 an toan, nhu cau van chuyen dtng, cac nhu cau M/E/P)

2) Xac dinh cac muc ti€u vé su lam viée cua két cAu, ma quan trong nhét thuong 1a thoa
cac yéu cau qui dinh trong cic qui pham xay dung twong tng. Cac muc tiéu lam viéc
phuc tap co thé duge dinh 1o trude.

3) Tinh toan tai trong dling va ngang so bo. D& xuét cac kich thudc va cot thép tinh thir
(trial sizes) cho céc thanh phan két cau chiu tai trong dting va ngang so bo. Lap thiét
ké so bo (Schematic Design) va khéi toan cong trinh (cost estimate).

4) Phan tich, danh gia, va thiét ké lai mot cach chi tiét hon céac kich thude va ¢t thép da
ding thir trude trong Bude 3. Chinh xac hoa cac tai trong ding va ngang. Tiép tuc
phan tich két cau chiu tai trong ding va ngang, danh gia kha nang chiu lyc cic thanh
phan két c4u va tinh toan lai tiét dién BTCT (re-proportioning). Lap thiét ké khai trién
(Design-Development, DD) va lap lai du toan cong trinh.

5) Thiét ké cudi cling bao gdm phén tich két cau chi tiét (theo kiéu ky lwdng hon giai
doan DD), tinh toan tiét dién BTCT lan cudi va thiét ké chi tiét cac thanh phan két
cAu. Lap tai liéu thi cong (Construction Documents, CD).
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Qui trinh thiét ké 5-budc cua anstruction Administration (CA, USA) bao giém rang nha
thau tuan theo qéc ban v¢ két cau va cung cap mdét ching ctr kiém soat chat lugng cong
trinh cua nha thau xay dung.

Ba giai doan trong thiét ké két cAu cong trinh nha dugc goi tén la:

> Thiét Ké So Bo (SD): gom budc 1 dén budc 3 ; chiém 15% noi dung thiét ké tong

> Thiét Ké Khai Trién (DD): gdm budc 4 ; chiém 25 - 35% noi dung thiét ké tong

> Tai Liéu Thi Cong (CD): gdbm budc 5; chiém phan con lai ndi dung thiét ké tong
Trong mot thiét ké thong thuong, phan tich két qéu la mot M6 Hinh Pan Hoi Tuyén Tinh
(Linearly Elasjic Model) cua khung nha. Vi¢c kiém tra thanh phan két cau la theo Phuong
Phap Ung Suat Cho Phép (Allowable Stress Method), va Phuong Phap D0 Bén (Strength

Method) ma ciing duoc biét v6i tén goi khac 1a Phuong Phap LRFD (Load and Resistance
Factor Design). Hai phuong phap nay va cac phuwong phap khac dugc mo ta dudi day.

1.2.3 Cac thii tuc danh gia thanh phan két cau

1.2.3.1 Gioi thiéu . )
Duoi day la mot gioi thi¢u khai quat vé cac thu tuc (procedure) duge dung d¢ tinh toan
cac tiét dicn BTCT cho tai trong dimg va ngang. Can cac thong tin thém, tham khao
Chuong 2 cua MacGregor [1].

1.2.3.2 Thiét Ké Ung Sudt Cho Phép (Allowable Stress Design - ASD)

Thiét K& ASD, ma cling duogc biét 1a
Working Stress Design, da dugc dung

trong phan tich k¥ thuat két cau cach Allowable Stress Design

day hon 150 nam. Cac phuong phéap w - nolkoad Bl

tinh toan vé tai trong max déu ap dung e g b =
LTPBHTT (linearly elastic model) hay : ' ,rf—F
SBVL d¢ tinh g suat cua cac két |V H ‘ /

ciu thép hay tng suit trong bé tong - ."ll 5

va ¢t thép cua két cdu BTCT. Ung |
suat trong ciu kién yéu cau phai nho
hon Ung suat cho phép: f <f,; ma
duogc thiét lap san cho tung loai vat o i
lidu tuy thudc vao kiéu tac dung luc Lemaomen. | f = 7 =fm
khac nhau (doc truc, udn, cit, xoén).
Vi du, fuy = 0.6f; cho cac két cau thép.
Xem hinh v& so hoa phuong phap Thiét K& ASD ¢ bén phai (cung cap boi J. P. Moehle)

Linear Anabyms of Cross Section

fu- US cho phép

Phuong phip ASD c¢6 mot sé khiém khuyét dang ké. Trudc hét, d6 tin cdy cia thiét ké
(hay hé s an toan) 1a khong biét. Thir hai, khong xét dén su hay thay dbi, khong c6 dinh
cua tai trong, ma cu thé 13, 1am thé nao tinh chinh xéc tinh tai va hoat tai. Thit ba, ung suat
trong cac thanh phan két cau cung cap thong tin rat it vé kha nang chiu tai cta céu kién
hay toan bo két chu. Trong thiét ké BTCT hién nay, US cho phép hiém khi duoc dung:
ngoai trir tinh d6 vong dudi tac dung ciia tai tidu chudn (service loads). Chung ta s& khong
dung phuong phap ASD d¢ tinh toan tiét dién BTCT trong gi4o trinh nay (CIE 525).
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1.2.3.3 Thiét Ké Sirc Bén (Strength Design - SD hay Load and Resistance Factor Design - LRFD)

Phuong phap Thiét Ké Suc Bén
(SD hay LRFD) thuong ding trong

thiét ké két cdu BTCT va ciing Strength Design
dugc dung trong thi¢t ké két cau Eretoeed loads
thép (mac dau ASD ton tai trong "-IIIIIIIII'IIIfIILIIJI:: Ay

nhi¢u phan thiét ké thép 6 My). O
Vi, twong dwong voi tinh toan
BTCT theo TTGH 1. Tai ticu
chuan dwgc nhan véi hé sb tai
trong dé chuyén thanh tai tinh todn

M, - momen tinh toan

(ultimate load), & day cac hé so tai ' sl Analbs M, - momen danh nghta
trong xac dinh dua trén phuong ) _ v, | ¢-HS giam sic bén
phap thong ké cua cac dicu kién do Manfieation V< ad

- ¥ —

luong va nhu vay phan anh céac
thay doi tang/giam hop 1y cua tai
trong tac dung (vi du, cac gia tri max) tir gia tri tai trong trung binh tinh toan. Sau do, ap
dung LTBHTT cho tai tinh toan dé tinh ndi luc cac thanh phﬁn két cau, vi du tinh V, M,.
Strc chiu tai cua cac thanh phﬁn (vi du, chiu nén, udn, cat), vi du V,, M,,, dugc tinh toan
v6i gia thuyét rang tiét dién két ciu

lam vigo khong dan hoi (inelastic 9.2 — Required strength
behavior).

. . ) 82,1 — Required strengih I shall be at least squal to
Xem hinh v¢ so hga phuong phap SD he effecls of fackred leads in Eq, (9-11 through (-7}
& bén trén (cung Cép boi J.P Moehle) The affect of ana or mom ads mal acing semulta-

. A h ., 9 nacusly shall ba inssstigalad,

Cht y viéc st dung khoi ung suat
khong dan hoi, (non-linear stress U:@DfF] (1)
block), Er'orrlg h~1nh vE mac'flau 1}1111;1 U-@D; FuT) L . H) o)
dang khoi US s& dugc don gian hoa dé
thuan tién tinh st@c chiu tai cua tict Lrﬂr 5or R
di¢n BTCT.

=120+ 6L, or 5 oF @)+ [1.00 or 0.8W) (9-3)
Phuong phap SD 1a hgp 1y hon phuong
phap ASD. B¢ tin cay cua tai trong
dugce xét dén trong phuong phap SD Uw1.2004 1.0F + 100 + 028 i6-5)
bang viée su dung cac h¢ so tai trong
va cac to hop tai, xem trich din tir tiéu
chuan ACI 318-02 & hinh bén phai. U=08D+1.0E + 1.6H i8-7)
Céc hé qua pha hoai ciing dugc xét dén

tryc tiép hon thong qua sir dung cac hé

s6 giam strc bén (capacity reduction factor, ¢ < 1), qui cho cac kiéu pha hoai khong mong
mudn (vi du, ¢ = 0,9 cho udn, ¢ = 0,75 cho cat). Tuy nhién chu y rang khi phén tich hé
két cAu gia thiét ng xur dan hoi tuyén tinh nhung kha ning chiu luc cau kién lai tinh theo
cuong do (cross section analysis), ma ham y mét lwong (g xir khong dan hoi trong tiét
dién céu kién. <Su phan phéi lai mOémen trong dam 1a mét vi du.>

e 1200 1.6W e 1,00 + 5L of Sor Al (84)

U =090+ 160+ 1.6H i9-6)
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1.2.3.4 Thiét Ké Kha Nang (Capacity Design)

D
2)

3)

4)

Thiét Ké Kha 4 ang dugc dung d¢é ngan can cac co cau pha huy khong mong mudn, vi du
dam bi pha huy do cat (kicu pha huy don) xay ra trude khi pha hiy do udn (kiéu pha huy
deo), hay cot khung bi pha huy do uon xay ra trude khi dam khung pha huy do uon. Thiét
Ké Kha 4 ang dugc phat trién boi nhiéu chuyén gia ky thuat 4 ew Zealand tir thap nién
1970 nhung phuong phap nay dugc dé xuat dau tién boi Blume, 4 ewmark, Corning, va
Sozen vao cudi thap nién 1950 (tham khdo Design of Multistory Reinforced Concrete
Buildings for Earthquake Motions, xuat ban niam 1961).

Capacity Design

1. Flexural yield mode 5. Determine resulting forces
1. Desipn for flexurey 1 .
1" 4 ",

7 A\

4 'I‘;,r, / j

' AL

v MO

Y , r A
M o, B

"‘-‘-‘_‘_\ d. Design to avoid failures other
than selected mechanism

3. Detadl for ductile response —,

B AA o M < Strc bén max
0 11— g < st

-
CAFaTRFg

4. Estimate overstrength. ~—"

Hinh v& so hoa ¢ bén trén (cung cap boi J.P. Mochle) mo ta thong tin tom lwge vé phuong
phéap nay. Vi du la thiét ké cong xon BTCT khong bi pha huy do cat. Cac budce thiét ke
theo phuong phap CD nhu sau:

Chon co ciu pha huy mong mudn, ma thuong 1a pha huy do udn trong cong trinh BTCT.
<Tai sao?>

Can d6i kich thudc dam theo co ciu pha hity dé nghi theo phuong phap SD hay LRFD va
bo tri thép dam cho tng xur déo.

Xac dinh sttc bén max cua tjét dién dam boi phan tich xet dén kich thudc thue va chi tiét
cot thép da chon, ma c6 thé¢ 16n hon do bén can thiét d¢ chiu duoc tai trong tinh toan-

factored loads. (Piéu nay sé dwoc cu thé hod ¢ Chuong 3). O hinh trén, sttc bén max 13

M, can ban 16n hon stc bén thiét ké theo phwong phap SD 1a M, = ¢M,,

Xac dinh tai trong ap dung V, - applzed load gdy ra strc bén max M, va thiét ké cac phan
con lai cua két cau (i.c., thlet ké chong cat cong xon BTCT) dé sirc bén chong cat danh
nghia V, vuot qua cac ndi lyc tuong thich véi tai trong ap dung tinh lai nay.
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1.2.3.5 Thiét ké déo (Plastic Design)
Thiét K& Déo don thuan 1a Thiét Ké Strc Bén sir dung phan tich chay déo chit khong ding

phan tich BPHTT.

Trong Chuong 6 cua gido trinh

nay, Thiét Ké Déo s& dugc xem xét Plastic Design

chi tict voi phuong phap duong -

chay dco (yield-line analysis) cua . pExctored loads

hé san BTCT. 4 guyén tac cua phan EMMUILUM-E —_— /\

huy sé dugc d¢ xuat va cac khop |V
déo duoc thiét ké chi tiét cho dap —— —
g khong dan hoi. Xem hinh vé&
so hoa bén phai (cung cap boi J.P.
Mochle), strc bén két ciu oM,
dugc tinh bang phwong phap SD,
sau d6 ding phuong phap CD dé
ngan nglra cac kiéu pha hoai khong
mong mudn.

I )
tich chay déo 1a mot co ciu pha _ T l

1.2.3.6 Cdc phat trién gan ddy trong kiém
dinh ket cau xay dung

Thap nién 1990 xuat hién sy doi
moi ddng ké trong ky thuét thuc
hanh chong dong déat. Cac phuong Forcea
phap thiét ké luc -Force based
procedure- ma hau nhu chiém vi
tri doc ton gan 70 nam nay bat dau
nhuong chd cho cac phuong phap
thiét ké chuyén vi -Displacement
based procedure- cua cOng trinh
dén khi chay déo xup dé >
(collapseyielding) duge phat trién Displacement
dua trén nguyén ly d¢ xuat boi

Sozen, Mochle, va cac tac gia khac

trong hai thap nién 1970-1980. Cac ticu chuan thiét ké chong dong dat da thira nhén tur lau
rang cong trinh nha va cau sé trai qua bién dang khong dan hoi dang ké. a ho kién thic
hiéu biét nay rang sy hu hong cong trinh lién quan tryc tiép dén bién dang chir khong phai
luc (xem hinh v& so hoa bén trén cua J. P. Mochle), cac k¥ su chuyén nganh két cau ngay
nay c¢0 khuynh huong phén tich, thiét k&, va danh gia sy lam viéc ciia BTCT duya trén cac
tinh toan chuyen vi. Thyc ra thiét ké dua trén uhuyen vi (Displacement-based design -
DBD) khong thé st dung nhu 1a mot cong cu thiét ké doc 1ap. Pung hon 13 phai cung cap
trude mot do bén tdi thidu ing véi cac didu kién tai trong binh thuong (service load). Tuy
nhién, DBD d dugc chip nhan rong rai tor 5 nam trudc day va phuo‘ng phap nay bay gio
la co s0 cua cac tai liéu huong dan k¥ thuat FEMA 273 va 274 nham cai tao cac két cu
cong trinh chong dong dét - seismic rehabilitation.

— vielding - chdy déo

spalling — c¢6 mdnh
vun

collapse
- sup do
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Chuong 2: VAT LIEU BE TONG COT THEP

2.1  COT THEP THEO TIEU CHUAN MY
2.1.1 Kich thwée va mac thép

> Thép tron theo tiéu chuan My ¢6 kich thude qui wdc theo don vi inch va mm nhu sau:

ASTM STANDARD REINFORCING BARS

Moninal MNoounal area, | Monunel weight,
Bar size, no. diamster, 1n in? 1/ fi
3 0375 011 0376
4 500 0.20 0.668
5 0.625 0.31 1.043
& 0750 0.44 1.502
7 0875 0.60 2044
£ 1000 0.79 2670
e 1128 1.00 3.400
L 1270 1.27 4303
11 1410 1.56 5313
14 1.693 225 7.650
18 2257 4.00 13600

ASTM STANDARD REINFORCING BARS

Momumal Momingl aren. | Mominol mues,
Bur sige, no.* diarneter, mm mme kg/m
i &5 11 564
13 P27 | 29 Doy
6 5.9 | e |.552
4 .1 284 .5
23 =r2 L) 3043
25 254 Sl 3973
24 .7 i 5.060
LY 323 El9 i 40
36 SR 1006 7507
43 43.0 1451 1138
5 5713 2531 24
¥*Bar destpnation numbers approxineie the oonber or onllimeters of the
ol dlgnumcti.uﬂ-l e b

> Thanh #18 (¢57) thuong dung trong cong trinh cu, it sir dung trong cong trinh dan dung.

Chuong 2: VAT LIEU BE TONG COT THEP
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>

>

>

2.1.2

>
>
>

2.1.3

>
>
>
>

Thép tron c6 tiét dién tron c6 gai gitip tang cuong lién két neo thép trong bé tong. Gom co
4 loai mac thép (grade):

o Grade 40 (f, = 40 ksi = 2800 kG/cm®): s #3 dén s6 #6
o Grade 50-60 (f, = 3500-4200 kG/cm®): s #3 dén s6 #18
o Grade 75 (fy = 5250 kG/cmz): sO #6 dén s6 #18

Loai thép mac Grade 60 (xdp xi thép CIII cia VN) 1a loai thép phd bién nhat. Mac thép
tuong ung voi giol han chdy danh nghia (nominal yield strength - £ ).

Kich thudc va mac thép duoc dong dau trén thanh thép dé tién nhan dang, nhu xem hinh
v¢ dudi day (sach tham khao cua MacGregor [1]):

Firsl man |1 ital
of prosfusitg mill

Daared Ml 1 BT jiee

Third e |5 byios oF Wil
5 add

A mail as7e

o axia, sE1P

W Lew wioy APDE

i Jrede 0o

Thép duogc san xuat twong ung voi cac tiéu chuan ki thuat ASTM (M¥). Thép san xuat
theo ASTM A616 va A617 dung cho cong trinh duong ray va truc tau hoa, thugc loai thep
chuyén dung. Hai loai st dung rOng réi nhat tuén theo ASTM A615 va ASTM A706 s¢
duogc mo ta chi tict dudi day.

Tic¢u chuan ASTM A615: (Standard Specification for Deformed and Plain Billet Steel
Bars for Concrete Reinforcement)

Str dung pho bién nhat & dang thanh thép c6 méac Grade 40-60

C6 thé tng dung trong cac cong trinh chiu tai dac biét dong dat

Gi6i han bén xép xi bang 1,5 1an giéi han chay: f,~ 1,5 f,

Tiéu chuan ASTM A706: (Sandard Specification for Low-Alloy-Steel Deformed Bars
for Concrete Reinforcement)

Chi c6 mot loai mac thép Grade 60

Loai nay ung dung trong cac cong trinh han, uén thép va yéu cau tinh déo dai cua thép
Chiéu dai khi kéo dut 16n hon thép theo ASTM A615

Gi61 han chay f, < 78 ksi = 5450 kG/em” va gi61 han bén f, > 1,25 fy

Chuong 2: VAT LIEU BE TO4 G COT THEP
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TABLE 3-2 Summary of Mechanical Properties of Reinforc-
ing Bars fram ASTM A B1E and ASTM A 706

A 615
Grade 40  Grade S0  Grads 75
Mimimum tensile swength, psi 000 90,000 100,000
Micimum yield strengtk, pei 0000 £, COCK 74,000
Maxirmum yield pirength, psi — — _
Mindmum elongation in & in,
gauge length, %
Mo, 3 1 9
Mo, 4 and 5 iz g —
Mo, & 12 o 7
Mo, T and & — K 7
Mo, %, 10, and 11 —_ [i &
Mo, |4 and 18 - i) &
o
iV k ﬂ]}
g T R : e T -
] | b
- : 3
B : L1 B SN -

a) Hotrolled steel

b) Cold worked steel
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2.1.4 Quan h¢ (g suat-bi¢n dang

Puong biéu dién quan hé tng suat-bién dang cho cic loai mac thép khac nhau dugc
MacGregor trinh bay theo hinh vé dudi day, trong do:

» Mac thép Grade 60 it déo hon mac thép Grade 40

» Mac thép Grade 40 co thérq chay déo dai hon mac Grade 60; d6i v6i thép cuong do cao,
vi du mac thép Grade 75, thém chay déo la ngan hoac khong ton tai

> Mo dun dan hoi 1y bang E = 29E3 ksi = 2 x 10° kG/cm” cho moi loai thép

120 =
B0 -
g
=
B L.
-4
L
il =
[} = o i i '} i [}
o 0.8 [Tar) (i) O 0.5

Siraln {nting

Hién tuong moi tan sb cao (high-cycle fatigue) la mot bai toan thiét ké cua vat li¢u thép trong
mot sO cong trinh nhu ban mat cau giao thong:

» Hai bién d0 ing SUAL, fay < fy va i, < f, , 4p dat trong thi nghi¢ém moi cua thép phai co it
nhat mot gia tri 1a ing suat kéo: f,, >0

» Tham khao thém tur Corley, J. Struct., ASCE, June 1978 va MacGregor [1]

Chuong 2: VAT LIEU BE TO4 G COT THEP
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2.2  BE TONG THEO TIEU CHUAN MY

B¢ tong la hon hop ctuia ximang, nudc, cOt liéu d4, cat va cac phu gia. C6 3 loai bé tong:

> Be tong thuong (Normalweight concrete - 4 WC)

o Trong lugng riéng xap xi 150 Ib/ft® = 2400 kg/m’
o C6t liéu 16n c6 cuong do cao (vi du da thach anh)

o B& tong bi pha hoai do niit mach vira xi ming ma hau nhu khong xay ra hién
tuong pha huy qua cot licu 16n

o Day laloai bé tong sir dung pho bién
» B¢ tong nhe (Lightweight concrete - LWC)
o Trong lugng riéng xap xi 90-120 Ib/ft’ = 1400-1900 kg/m’

o Cét liéu 16n ¢6 trong lugng nhe nhu d4 bot (pumice) hay da nhan tao san xuat tir
da phién sét (shale) hay da phién (slate) bang cach gia cong nhiét

o Thuong dung trong hé thong san dé giam tai trong truyén xudng day mong,...
o Pic tinh co hoc khic voi 4 WC; tham khao chi tiét & ACI 318 hay MacGregor [1]
oMb dun dan hoi thap hon a WC
» B¢ tong nang (Heavyweight concrete - HWC)
o Trong lwong riéng xap xi 200-300 Ib/ft’ = 3200-4800 kg/m’
o Thuong dung cho cong trinh chan phong xa hoac chita chat phong xa

o C6t liéu 16n thong dung dugc thay thé hodc tron bo sung cac vién sat, thép

CONG THUC QUI POI CUONG PO BE TONG

(méc bé tong Viét nam R = R ;s ldy theo mau nén tiéu chuan 150 x 150 x 150 mm)

Chiing loai | Kich thuécmau | Hg so tinh dbi o
o Ghi chu
mau nen (mm) o= I{ISO / I{me:lu
100 x 100 x 100 0.91
Lap phirong 150 x 150 x 150 1.00 TCVN 3118-93
- 200 x 200 x 200 1.05
300 x 300 x 300 1.10
D =100, H=200 1.16
Hinhtru | D =150, H =300 1.20 ACI 318-05 = . =R;s5/1.2
D =200, H =400 1.24
P
1 1
T P i [ 4P
g I 2 w? 8 J D*
> —
w =150 D =150
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Puong cong tng suat-bién dang dién hinh cho mau bé tong hinh tru chiu nén duoc trinh bay
duoi day. Chu y xu huong gia tang do cimng, gia tang cuong do nén, va xu hudng suy giam
kha nang bi¢n dang cua b¢ tong.

1Epen

G presalvs whess (i i
E B G
L ]

G
o 1 1 I
Ry G BT [l a ]
v gl $l e i i
Siranm
VBT IR s ay ¢ ey M e
g
e .
bl SRETE [POBGRRI <

Colilem !l'-“'ll--\.‘__ -

Sintie cinch prosegaln - -

O a5 il ' MUY -

G Dreh STRCE o T HRE=0R S|

B¢ tong thuong duge mo ta bang cuong d6 nén danh nghia (nominal compressive strength, £°.)

» Cuong d0 nén mot phuong thié} lap tir thi nghiém nén mau hinh tru_ticu chuan sau 28
ngay dudng h¢: thuong dung d¢ kiém tra cuong do be tong trong ki€m soat chéat lugng
san pham hay giam dinh

> Cuong do bé tong bi anh huong boi ty 1¢ 4 /X, loai xi mang, thanh phan cdt lidu, phu gia,
diéu kién dudng ho, toc do giatai (v 7'= £ 7), tudi thi nghiém

> 4 ha cung cap hay nha san xuat ¢4 ging phat trién cac thiét ké cap phoi bé tong dé cuong
dd nén trung binh muc ti¢u (target mean compressive strength) cao hon, va doi khi cao
hon dang ké so vai gia tri 1y thuyét dé tranh céc gia tri cuong do thap va kha ning bé tong
bi loai bo (sau khi do beé tong tai cOng trinh).
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> Co ché pha huy cua bé tong 4 WC tu do (unconfined) noi chung gay ra do hién twong nit

tai mat ti¢p giap gitta vita Xxi mang va cot li¢u lon, va sau cung do hi¢n tugng niit trong

mach vira gitta cac cot licu

o dudi tac dong cua tai theo chu ky, qua trinh pha huy phét trién 1am cho cuong d6 bé
tong ngay cang suy giam tuong ing voi su gia tdng so chu ky lap tai

o dudi tac dong cua tai duy tri (sustained loading), hién tugng tir bién gay ra sy phan
phoi lai tmg suat ndi va su pha hoai xay ra tu tu; dudi tdc dong cua tai nén duy tri,
cuong do beé tong chi xap xi 0,75 — 0,85 ¢ ; xem hinh v¢ bén dudi cua MacGregor:

12}
10k
¢, 08
=8 0B
04
0.2

10 o8 10 05 1000

m A of conchets, days

M6 dun dan hoi cua bé tong phu thugc vao loai 6t lidu 16n duogc dung. Vi dy, mo6 dun dan hoi
ctia bé tong thuong (A WC) bang 1,5 — 5 1an mo dun dan hoi cua vira. Vi bé tong thuong co
trong lugng riéng 145 1b/ft® = 2300 kg/m’, cong thire ACI cho biét:

E.=57000 (f.)"*  (donvi psi) (2-1a)
E. = 4700 (f)"* (don vi MPa) (2-1b)
Th
Fue

04 famf--17

oA |
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Bay gio hdy xem xét cac mat khac trong img xur co hoc cua bé tong: dap ung khi gia tai 2
phuong, dap ting khi gia tai 3 phuong, bao gdom nén thuy tinh.

Xét g X1t ciia mau bé tong 1ap phuong trong thi nghi¢m gia tai 2 phuong dwgce trinh bay duoi
day. Cac mii tén chi thi kiéu gia tai nén. Cuong d6 nén trong hinh v€ dugc qui chuan
(normalized) theo cuong d0 nén mot phuong, f,

| I’ 4
i
r 1 1 4 1 -1
v 12,/ 10 oE 06 04 02 02
| T T

: I.Llr ! 4 g4
L ibsl ™ |frsLag] |-tm—

1,

> Vi truong hop kéo 2 phwong, cuong d6 gan bang cuong do kéo mét phuong.

> Vi truong hop nén 2 phwong, cic tng suat f; va f, ¢o thé vuot qua 120 % cuong do
nén mot phuong

> Vi truong hop nén-kéo 2 phuong, bé tong bi pha hily tai cdc ing suat thap hon gia tri
cuong do khi chi nén hay kéo mot phuong.

Cuong d6 va tinh déo (ductility) cua bé tong dudi tai trong nén 3 phuong vugt qua cuong

dd nén mot phuong f°c = 3,66 ksi, nhu trong hinh vé duo¢i day. Hinh nay trinh bay céac

duong cong Gng suat-bién dang ciia mau bé tong hinh try chiu cac ap luc nén ngang o

khong d6i (confining) trong lic d6 tmg suat doc truc o, tang dan dén khi bi pha hoai.

20

p—— e
] ' pERI0 psi (120)
] = | .2 Mimm? )
!
| — 100

] |
W00 ps  £13.9 Ndmm? ]
--,r ' = (301

| [
VO s -4-".' Canlinmg wid prevsare - (GO]
=7 53 Mimm? | E-

—
]

e —

m
i

et "EWh, lll_l'i.'l-! | VL nllr\.J |

oo ES0 ps T—— - 40)
1379 pimmd |

e

Lincanfined cancrata sirangh lf_‘_' = JGEL pe — i.20]
T i (25.2 Memm?® |
o ] | l 1 1
o .o 00z 0ok 004 GG 006 007

Surain, il mimnnm
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Céc s6 liéu thi nghiém vao nam 1928 cua Pai hoc Illinois tai Urbana, dugc stir dung dé thiét lap
quan h¢ sau day giira (rng suat pha hoai doc truc (o), cuong d¢ nén mdt phuong (f°.), va ing
suat nén ngang (c3):

o =f.+t4,10; (2-2)

Kha ning bién dang 1 van d& rat quan trong trong k¥ thuat chéng dong dat va chéng ning
lwong nd. Trong cong trinh nha BTCT duoc thiét ké chong do cac tac dong nay, cac thanh phan
két cau nhu cot, dam, va niit dam-cot duoc thiét ké chi tiét vai cac cot dai thép giang kin (fies,
spirals). Khi mot thanh phan két cau bé tong chiu tai trong nén 16, toan bd hay mot phan bé
rong cua két ciu bé tong bi gia tang do énh huong Poisson va lam xuét hién cac vét nat i ti
(microcracking), trong cac Ot dai thép giang hinh thanh cac tng suat keo, va do d6 tao nén
mdt Ung sudt nén bu trong viing bé tong bi ép ngang. Trang thai ing suat nén ba phuong hinh
thanh trong ving b¢ tong bi ¢p ngang gay ra do Ot dai thép giang lam tang cuong do va tinh
déo ciia két cau BTCT. Cac md hinh cho bé tong bi ép ngang nhu trén s& dwoc trinh bay chi tiét
trong Chwong 3 tiép theo ciia gi4o trinh nay.

Hau qua khi chiu bién dang 1on khong dan hoi cua cac thanh phan két cau BTCT khong ép
ngang (unconfined) xay ra nhu thé nao? Xem cac hinh chup dudi day thudc toa nha Imperial
County Services ¢ 4 am California bi pha hoai nghiém trong do dong dat nam 1979.
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PHU LUC 1 (dung trong SAP, ETABS, SAFE)

a)- Puong cong (c—¢) cua bé tong thong thuong:

k

FOfgSEy; om

— Compressive Stress, o

21!

[:" L e | [
2]
EITER LT

#  For swaiis preassr than £y each segmient of the spess-

sirhin diagram is Hoear For strains less: than ep the
vanation of the sitess=sivain diagram is parabolie.

#  The valug of e is ziven by Equation 12-]

£
£, =2 Egn 12.1
E, -
»  For strams lsss than ¢p the concrste smess 1= given by -
Equatea 12.2.

b)- Pudng cong (c—¢) cla cdt thép thong thuong:

Bl gl 3

Hote.

For steel shapes [ is Lakan
irern tha mdenal proparised
For rendancing sheel 1 is
ealculaied as 1, = 1. 251,

Stress, o

0105 008 8 10

Strain, &

| & n Lo :
g= ] = -!-— | Equ 13:1
Ey Ep)t |
Teserinlly i the progrm the enive where © 2 vp s e

alired a5 a4 sepes of srmshe line sepments by osing
Equation 12-2 w calenlste o for the followieg disersts
salign ol =), 0 atig U JI., il fiy, 0 Ky, 1) |"|..: afic] Iy

Concsshe supturs gocuss 51 2 sivan Sgual 1o 1k,

When there 15 (cnsaly Sirams e siross 15 Zenl

=  The diagram npplies 1o both sieel shapes and stzel rein-
forcing.

= Thae dingram applies for both tension and compressicn.

®  The stress § 15 determmed from the associated maresial
property for steel shapes. For remforcing steel 4y is cal.
cwlnted ns ty= 1.29 £

=  The yeeld smain. 0. 3 caleulated piven by Equation 12-

Eaqn. 1.2-3

®  Sree] fracrare oocums &t a stvam equal o 0,10,
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Chuong 3: BE TONG BI EP NGANG (confined)

3.1

THi NGHIEM NEN 3 TRUC BE TONG

Cuong do va do bén ciia bé tong trong thi nghiém nén 3 truc da duoc trinh by ¢ phan cudi

ciia Chuong 2. Hinh v& dudi ddy dua trén sé lidu TI thuc hién nam 1928 tai Pai hoc
Ilinois (University of Illinois at Urbana-Champaign, UTUC). Hinh nay biéu dién cac duong
quan hé o—¢ cua mau BT hinh tru chiu 4p lwc ngang khong dbi (bi ¢p ngang) trong luc ing
suat doc truc van tang dén khi mau bi pha hay.

0

e

-_-__.*-*"‘.

16

A

—.
]
T

—_——

el pai
R, 2 Mimm

—

‘[' :

010 psi (V3.9 BMimm?y |

1
|
|

S, kipsfin® (Mimm? |
@

) T
1060 psi -f—'l" Ef}rl'il"iﬂg Thasd ;r"'ﬂu;f —

= B50 i +'|'
13 ra ﬂ-‘mm"ll

17.52 Mfmm?) |

...i..._:

Unconfined concrete strength

= 366D o
—— | 26,2 Brrm® )

0,0

Srrnin,

0,03

0.04

G GGG i Gl

0.0%

008

| I

—

11208

{10

]|

T0.07

Céc nha nghién ctru UTUC sir dung s liéu TI nay dé thiét 1ap mdi quan hé giira img suat
doc truc khi pha huy (o), va cuong do nén cua bé tong (), va ap suat nén ngang (o3):

oy = f, + 4,lo;

(G-

O chwong nay, chiing ta mo rong khao sat trén dé nghién ctru ché do 1am viéc cia bé tong
bi ép ngang va cac quan hé o—¢ ma dugce 1ap danh riéng cho bé tong bi ép ngang.

3.2 BE TONG BI EP NGANG

I hu da ban luan trong 16p trudc day, bién dang nén cuc han (ultimate compress{on strain)
cua bé tong tw do no ngang (unconfined) 1a khong di dé cho phép mot thanh phan KC dat
den d6 déo (ductility) can thiét ma 16p bé tong bao vé khong bi nut vo (spalling).

> bién dang nén cuc han cua bé tong tyr do né ngang 1a bao nhiéu ? 0.001 ; 0.003 ; 0.005 ;

0.010; 0.05 2 |ARSHON00S

> Tai sao bién dang nén cyc han 1a quan trong ?
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Ap suét nén ngang dwoc thyc hién ra sao trong cac mat cat BTCT dién hinh? Xem Paulay

and Priestley mo ta ¢ hinh du6i :

Asp

iz)
Canlfinermernd
from sparod
o ool or

hoog

iy

~=lyhAsn
t ' | Unconfined
Cancrede
== dsp — =2
() fel S

Farces oching on Confinemen! from
one -hall sairal o o square hood
circular hoop

Thép dai xoan hay tron dugc dat bao quanh ving chiu kéo xuét hién khi bé tong gian né
dudi tai trong nén, do hinh dang ciia né ma tao thanh mot duong tai trong lién tuc bao
quanh chu vi ctia bé tong chiu nén (hinh a.). Ap suat nén ngang hiéu qua 16n nhat cua bé
tong (maximum effective lateral pressure), fi , xuat hién khi thép dai xoan dat cuong do
chay déo (yield strength), fy, . Tlr hinh b. ¢ trén, can bang lyc doi hoi:

f] =

2f 0 Ay

dgsp

(3-2)

V61 dg 1a duong kinh thep dai, Ay, 1a dién tich thép dai, s;, 1a bude thép dai xoan hay tron.

Hinh c. ¢ trén cho thay thép dai hinh vuéng khong hiéu qua bang thép dai hinh tron; thép
dai hinh vudng chi hiéu qua ¢ vung lan can goc dai.

Diéu nay giai thich tai sao?

> Ap suat no ngang cua bé tong ap vao thép dai c6 xu hudng day cac canh thép dai ra

phia ngoai

o thép dai hinh vuong khong du cing bang thép dai hinh tron : bién dang udn
trong thép dai hinh vudng so vo1 bién dang doc truc trong thép dai hinh tron.

» Su ép ngang (confi nement) do thép dai hinh vudng c6 thé duoc cai thién mot cach
can ban khi st dung dai giang (cross-tie) hay dai chéo (diagonal tie) dugc cau tao
bang ngang trong tiét dién toi han (critical cross section).
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fol Ercwlor hoops i) Rectonguior hoops fol Gverloppmng
or spural wilh cross Nes Fﬂfﬂﬁguwm

Uncontined

Trong hinh v€ bén trén day, Paulay and Priestley trinh bay v6i cac mirc do €p ngang khac
nhau do thép doc va thép ngang trong cac mat cat cot BTCT. Bé tong ty do nd ngang
(unconfined) dwgc danh dau dang gach chéo. Cha y rang trong cot tron ¢ hinh a, tai vi tri
thép ngang (thép dai) toan bd bé tong phia trong la bi €p ngang. O hinh b va hinh ¢, muc
do ¢ép ngang cua cot vuong co dai giang la it hon so vo1 cot tron. a hu cac hinh v&, cac vom
bé tong giira cac diém neo cot (giao dlem cua thép doc va thep dai): vom cang thap, bé tong
bi ép ngang cang nhiéu. Chil ¥ rang néu dai giang bi loai bo khoi cot, mitc do ép ngang s&
bi giam nhu dugc minh hga ¢ 1/4 ¢t trong hinh b (mau cam). Sy €p ngang bé tong dugc
cai thién 16 rang néu budc dai s, dat gan nhau hon (xem hinh d) va néu thép doc duge giang
budc tai moi 16p thép ngang (xem hinh e).

MO HINH QUAN HE (c-¢) CUA BE TONG BI EP NGANG

a hiéu nghién ctru da thyc hi¢n nham thiét lap quan h¢ (c—<¢) cia bé tong bi ép ngang. Mot
s6 md hinh tién tién cho cac loai bé tong dugc liét ké dudi day:
»  Bé tong thong thuong
o Scottetal,]J. ACI, January 1982
o Sheikh et al., J. Structural Division, ASCE, December 1982
o Mander et al., J. Structural Division, ASCE, August 1988
»  Bétong nhe
o Manrique et al., UCB/EERC Report 79/05, May 1979
o Shah et al., J. Structural Division, ASCE, July 1983
»  Bétong cuong do cao
o Yung et al., J. Structural Division, ASCE, February 1988
o Martinez et al., J. ACL, September 1984
o Bing et al., Proceedings, Pacific Conference on Earthquake Engineering, 4 ovember 1991

Chuong 3: BE TOa G COT THEP BaEP a GAa G
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Trong gi4o trinh nay, chiing ta tap trung vao mo hinh Mander vé quan hé (c—¢) ctia bé tong
thong thuong bi ép ngang.

MO HINH MANDER VE QUAN HE (c-¢) CUA BE TONG BI EP NGANG

Trude hét xem xét mo hinh (6—¢) khai quat dudi day cuia bé tong tw do né ngang va bé tong
bi ép ngang trong thi nghiém nén (theo Mander et al.; Paulay and Priestley, Priestley,
Seible, and Calvi).

Compressive Stress [

Compressive Strom Ep

Dién tich gach chéo cua quan h¢ (c—¢) dic trung cho nang lugng cong thém ma co thé
dugc tiéu tan trong mot tiét dién bi ép ngang. a hu dwoc trinh bay & phan sau day, ty s6
giita bién dang max bé tong bi ép ngang va bién dang max bé tong khong ép ngang khoang
Ea/€sp = 4-15, ma chi thi uvu thé quan trong ciia bé tong bi ép ngang trong ving két cau
BTCT doi hoi can tiéu tan nang lugng trong twong lai.

Mo hinh Mander ¢6 thé ap dung cho tat ca cac dang tiét dién va cho tat ca mic do ép
ngang. Quan hé ung suat-bién dang (f.—¢.) cua bé tong bi ép ngang dugc xac dinh bang hé
phuong trinh (3-3) sau day :

, f'
£ - f oo XT : (3-30) £ Eooll +5(5- D] (3-3¢)
r—-1+x f! ’
€ E, € = 2 (3-3f)
X = c r— ————— EC
€. E.-E. (ACI 318: thong thudng & ~ 0,002)
(3-3b) (3-3¢)

E, = 60000/f. (psi) = 5000y/£. (MPa)

£, = £ 2254 14724 205y (3-3g)
|\ f o
Te (3-3h)

(3-3d) Eee

Chuong 3: BE TOa G COT THEP BaEP a GAa G
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Trong h¢ phuong trinh trén, cuong do bé tong bi ep ngang (peak concrete stress), fc., 1a
ham s6 cua ap suat nén ngang hiéu qua (effective lateral confining pressure), £

Véi £,= 0, phwong trinh (3-3b) dan dén .= . ma phu hop v6i truong hop bé tong tu do
no ngang (khong thép dai).

Ap suat nén ngang hiéu qua |, tinh theo ap suit nén ngang trung binh f ciia tiét dién tron:

, 2f 4 A
fi = Kfy = Ke(g—wj (3-4)
sSh

v6i K, 1a hé sé hiéu qua nén ngang (confinement effectiveness coefficient), ma lién quan
truc tiép dén dién tich 15i nén ngang hiéu qua so véi dién tich 16i danh nghia dwoc bao vay
boi tam chu vi cac thép dai. Gia tri dién hinh cta hé s6 nay la:

o K.=0.95 cho m/c¢ ¢t tron

o K.=0.75 cho m/c ¢Ot chir nhat

o K¢=0.6 cho m/c twong chir nhat

Pbi v6i m/c chit nhat do ty s6 thép ngang theo hai phuwong chinh x va y nhin chung khéac
nhau (p # py), c4c ling suat nén ngang cling duge tinh toan khac nhau:

fix = Kepxfyn| (3-5a); |fiy =Kepyfyn| (3-5b)

Trong trwong hop £ # 1y, hé s6 cuong d0 nén ngang K (confined strength ratio) cia bé
tong bi €p ngang (K = °./f’.) c6 thé ndi suy tir hinh vé dudi day do Mander cung cap,
trong do luu y ', > ')y
Confined Strength Raho f./T;

1.0 1.5 2.0

0

o 1l 1
: :
kS . A i
G FRRR
g & -
._‘*-1!'_:: E ____________ -T T FE:Fr
Y& 02
y 9 _
g . Siaxial

a.3

o ar o2 0.3
smoaliest Effective Confining
Stress Ratio. 1§,/
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Bién dang nén cuc han (ultimate compressive strain), €., cO thé tinh theo dé nghi cua

Mander nhu sau:

£y = 0,004 +

L4p L

yh&sm

CC

(3-6)

VG ps = px + py (19 56 thé tich cua thép ngang) va &, 14 bién dang thép tai vi tri c6 tmg suat
kéo maximum (gi¢i han bén — TS). Thép thanh Grade 40 ¢6 &g, ~ 0.15 ; thép thanh Grade
60 ¢c0 g = 0.10 . MGt dang khac cia phuong trinh trén la:

£cy = 0,004 +

0>14psfyh

f

C

<0,020| (3-7)

v6i bién dang gi6i han thép 1a &, = 0.10 and f'.. qui dinh lay bang f'. . Gia tri gi¢i han 0.02

qui dinh la xac dang.

Chuong 3: BE TOa G COT THEP BaEP 2 GA4 G
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3.5 TINH TOAN CAC TY SO THEP NGANG

Dé tinh 4p luc nén ngang higu qua f;, phai xac dinh trude cac ty s6 p, va py cho tiét dién
chir nhat, va ty s0 p; cho tiét dién tron.

> Trudc hét xét tiét dién tron bén dudi. Dy 1a duong kinh cta vong thép xoan hay dai
tron; A, 1a dién tich m/c ngang thép dai . Gia sit rang budc thép dai la s,

Ty s6 thé tich thép dai 1a :

mDpAg,  4A
ps = = —L (3.8)
ShT[Dh/4 shDh

» Bay gio xét tiét dién chir nhat bén duoi, thép dai gom mot dai vong theo chu vi va mot
dai giang ¢ giita tiét dién nhu hinh v&. Gia sir rang dién tich mdi thép dai 1a A, va budc
thép dai la s;.

= h. =

l”*‘T"’I‘Tl’T’?“TTl

4, ; 4

Tdng dién tich thép dai bang qua tiét dién cit ngang 1a Ay, = nA,, voi n 1a sb thép dai (=3
theo phuong khao sat). Ty s6 thé tich thép dai py theo phuong y 1a :

Ash 3A

py = =

hcst hcst

(3-9a)

Tuong tu, ty s thé tich thép dai p, theo phwong x 1a :

Ash 2At
= -9b
Px= b.s; bcst (3-95)

Chuong 3: BE TOa G COT THEP BaEP 4 GA4 G
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3.6 THONG SO KHOI UNG SUAT NEN CUA BE TONG BI EP NGANG

Céc thong s6 khdi ng suét chir nhat twong dwong duoc ding trong thiét ké bé tong trr do
no ngang c6 thé mo rong dung cho bé tong bi ¢p ngang. Paulay va Priestley trinh bay trong
hinh v& dudi day cac thong sé khdi ing suat chit nhét (stress block parameters) cho tiét
dién bé tong bi ép ngang badi thép dai kin.

Eem S Eee EomEpe
al [F=13

Ung suat trung binh lay bang af'. cho bé tong tu do né ngang dwgc thay thé bang af'.. hay
aKf'e , voi K = fo/f'e . Vo1 mot gia tri chon trudc cua bién dang nén tai dinh (peak
compression strain) €., , dugce thé hién ¢ dang ty s6 sew/cec , mot gia tri B dwoc xac dinh tir
hinh (a); va mot gia tri o cling duwoc suy ra tir hinh (b) ¢ trén.

Dbi v6i cac tiét dién phirc tap, cac phan mém tinh toan nhu BIAX hay UCFyber, chia tiét
dién thanh nhiéu 16p dé tinh toan. Tuong Gng v&i cac gia tri cho trude cia truc trung hoa
(4 A) va d@o cong (¢), cac bién dang (g;) duoc tinh tai tim m5i 16p, va cac tng suét tuong
ing (o) s& dugc tinh tryc tiép tir quan hé (c—¢) da lap trinh san. Céc ndi luc (F) trong moi
16p twong ng Vi cac ung sudt o; s& duge xac dinh bang tich phan trén toan bo chiéu cao
tiét dién va tir d6 tinh dugc momen tinh toan trén tiét dién d6 (xem phan 4.4, trong chuwong
4 s€ trinh bay sau).

Chuong 3: BE TOa G COT THEP BaFEP a4 GA4 G
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3.7 ViDU THIET KE

Xét tiét dién cot bén dudi bi nén ngang boi thép dai sd #5 gdm dai 2 vong va mot dai gidng
(A;=0,31 in’, s, =4 in). Gia str thép Grade 60 co f, = 60 ksi va cuong do bé tong f'. = 4 ksi.

Tinh: a) cwong d¢ 101 bé tong bi ep ngang, b) bién dang nén cuc han, ¢) cac thong so thiét
ké cua khoi rng suat twong duong.

L .

hiz 340

-
x

Theo phuong Y c6 4 thanh thép #5 bi cét ngang boi duong thing mau cam. Ty sd thép
ngang p, bang :
C4A¢  4(031)
Py T 4(440/25,4)
Vay theo phuong X ¢6 bao nhiéu thanh thép bi cat ngang boi dwong thing mau do?
duong cat mau do c6 vi tri ¢ dau? Chiing ta c6 3 kha néng:

=0,0179

> Puong cham dai: cat qua 3 thanh

> Puong cham ngin: cit qua 5 thanh

> Léy trung binh trong s6: 1/3 & giita ¢6 5 thanh va 2/3 ¢ ngoai ¢6 3 thanh
Viy giai phap chon tot nhat 14 gi?

> Dé an toan chon 3 thanh dai

C3A¢ . 3(0,31)
Px sth"y 4(340/25,4)

=0,0174

Bay gio, gia thiét hé s6 hiéu qua K. =0.75 cho tiét dién chit nhat, ta c6:
fiy = KepxLyn = 0,75 0,0174 x 60 = 0,783 ksi

fl'y =Kepylyn =0,75%0,0179 x 60 = 0,806 ksi
Str dung hinh vé ¢ trang 6, vdi cac thong sO sau:
' f'
D (0783 196 0300 o
fe 4 f, 4

Chuong 3: BE TOa G COT THEP BaFEP a4 GA4 G
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Suy ra dugc hé s0 cuong do hiéu qua Kla:
K = fi =1,98
C
Do d6 cuong d0 161 bé tong bi ép ngang la:

foo = Kf, = 1,98 x 4 = 7,92ksi

Bién dang nén cuc han ctia bé tong bi ép ngang 1a ham s6 cta ty s6 thé tich thép ngang (v6i
ps=px T py=0,0174 +0,0179 = 0,0353), dugc xac dinh bang:

Ldp.f e
oy = 0,004 D3 ¥hlsm
fCC
= 0,004 + 1,4 x 0,0375;; 60x0,1 0,041

Dé thiét 1ap cac thong s6 thiét ké (o.,p) cho khdi ing suat twong duwong, bién dang .. phai
duoc tinh toan:

Fec
Ece = 0,002 1+ 5(=5¢ —

C

1)] 0 002[ 792 } =0,012

VA Egy/Eee =0,041/0,012 =342
Str dung hinh v& & phan 3.6, ta c6:
B=0,98| va |ap=09| = [a=0,92

a hu vy cuong do trung binh ding cho khdi ing suat chir nhat twong duwong dudi day 1a:

aKf, = 0,92 x1,98 x 4 = 7,29ksi

_r 1 ! i 11 |
i Eu-,-,l K1t Em@ |
B e C

Aclual
Prnfrrr Srrr:urs 5-'?“!".!5 Encn
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PHU LUC1

Capacity Design

e

Design for ﬂml:ell‘ 4

3. Detail for ductile response —

o M < Stre bén thuc

FAFHIRTE

4 Esnmate overstrength —

1. Flexural vield mode 3. Detenmine resulting forces

P
1
-
o
#]
i
A
i 6. Design o avoid faluges othes
than selected mechandzm

#d, < Stcbén TK

Anh huong ¢ép ngang do thep dai cai thién kha nang chiu ubn, dic biét ting do déo dai

(ductility) cua tiét dién so vdi tinh toan LRFD binh thuong (chay de
[My] = ¢Mp > [My] = $My

|<—> Ec

As
ee0 o Es
Y —

&t
Tiét dién Phan b6 BD Phan bd US

fs

Kha nang chiu lyc cua tiét dién BTCT chiu uén khong ép ngang:

M = Ts d—i
2

c0):

|4—>|(11f’c
TS
d : <
- Y e Cc
= PiC
US twong duong
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4.1
4.1.1

Chuong 4: QUAN HE MOMEN -PQ CONG

SU PHAN PHOI LAI MO MEN TRONG HE BTCT
Hg¢ chiu tai trong dirng

Phan 8.4 cta tiéu chuan ACI 318 cho phép phan phdi lai mémen (ting hay giam mémen
4m) trong cac cau kién BTCT chiu udn lién tuc. Phan phéi lai mémen phu thugce vao do deo
(a’uctzlzty) trong cac vung khop deo (plastic hinge). a hiing vung khop déo phat trién tai cac
Vi tri My va lam thay doi bicu 36 moémen udn dan hdi. Va két qua phan tich déo thuong
thay 14 momen am giam va momen duong tang trong vung khop déo so voi két qua phan
tich dan hoi. Vi céc t6 hop tai trong nguy hiém d¢ xac dinh cdc moémen 4m va cac moémen
duong 1a khac nhau, nén moi tiét dién BTCT c6 mot kha nang du trtr ma khong st dung hét
cho bat ky mot truong hop tai nao. Cac khép déo cho phép sir dung toan b kha nang chiu
luc cia nhiéu vi tri tiét dién hon cua két cau chiu udn, so voi két qua phan tich dan hoi.

> Két qua phan tich dan hoi tuyén tinh ctia mét cAu kién phi tuyén :

—
L]

7
~
S

=  Prismaiic cross section

Elastic momeut diagram

| +wl%/24
-M, \ -----------------------------
Plastic moment diagram :.:. A
L LY
+M, ---------T
2M, = wi*/8 Plastac hunges?

Vi tiét dién hinh lang tru c6 momen khang udn M,, tai trong tac dung 16n nhat w duge xac
dinh bang:

S we 1
> Phan tich dan hi: My =T —w 2%
max 1
p 12
w1
1
» Phan tich chay déo: M, = _lav, =133w°
max 12 max

Chuong 4: QUAN HE MOMEN - DO CONG
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a hu vay, viéc sir dung két qua phan tich chay déo cho gia tri tai trong cho phép cao hon khi
so voi két qua phan tich dan hoi.

Kha nang chay déo ¢6 thé duge hinh thanh nhu thé nao?
> 06 déo (ductility) i 16n trong mién tao khép déo.

o 6 déo la dai lwong do kha nang bién dang khong dan hoi vurot qua bién dang déo

o st dung phuong phap phan tich mémen-dd cong (moment-curvature analysis) dé
xac dinh cac giéi han bién dang.

o muc do bé tong bi ép ngang s& anh huong 1én gidi han bién dang.
=  bién dang max cua bé tong &

cmax

4.1.2 Hg chiu tai trong ngang

Su phén phoi lai lue ngang lam ting cuong kha nang dap tmg cua hé khung chiu tai trong
dong dat va tai trong n6 do cac thanh phan cau ki¢n dat dén cuong dé 16n nhat tai cac mirc
do bién dang khac nhau. X¢ét co cau beam-sway bén dudi (hinh a: ¢t cirng-dam yéu) ma la
co cau uu tién trong thiét ké dong dat.

> tai sao beam-sway theo hinh a 13 co c4u vu tién? (nhiéu khép déo nhat > Ph. an t6i uu).
> anh huong cia moémen do tai trong dung trén dap img ctia ciu kién?

& &

1 1

=

gravity

+

Chuong 4: QUA4A HE MOME4 - PO COa G
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e Co cau right-hand sway: voi 2 khép déo ¢ hai dau dam (-) va mot khop déo (+) tai vi tri
c6 momen M.

Ving bi¢n dang lé6n

p _AL
N N\
= \ \_I-_/ =
~
\\ P
-~y
~~_’/

Co céu left-hand sway: voi 2 khop déo 6 hai ddu dam (-) va mot khép déo (+) tai vi tri
¢6 momen M.

Ving bi¢n dang Ié6n
A
‘4 \

/\
. ()

~ I ,’
\N——’

Viy, kha niang bién dang day du phai dwge cap cho moi khop déo duoc tao thanh nhu trong
hinh vé trén.

”’
-~

> bién dang khong dan hoi 16n trong bé tong

> d0 déo 16n dat duoc bang cach ding cac chi tiét cau tao thich hop, bao gdm ca bién
phép thép dai ép ngang.

Chuong 4: QUA4A HE MOME4 - PO COa G
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4.2
4.2.1

4.2.2

PHAN TiCH MOMEN-PQ CONG CUA TIET DIEN TU DO NO NGANG
Cic gia thuyét co ban

Phén tich nay trinh dién dang don gian nhat cta phan tich mémen-do cong (M-¢). Mot s6
gia thuyét don gian trong ly thuyét uén dwgc thiét 1ap dé tinh toan quan hé (M-¢) nhu sau:

Cac tiet dién vuong goc vai truc uon van phang truoc khi uon va sau khi uon.

A
F4
[\

7] M
T Agle of 2oi0 slvaln

[

i

. . €
4 hu vy quan h¢ gitra d0 cong ¢ va bicn dang e: [¢ = —

v6i y 1a khoang cach tir mép ngoai dén truc trung hoa.

Tai cung mot cao do cua tiéet dién cau kién, bien dang thép bang bien dang beé tong (e,= ).

Cdc g sudt trong thép (o) va bé téng (.) ¢ thé xdc dinh tir cdc quan hé (c—¢) dac
trung cua vat liéu.

Céc phwong phap tinh toan trinh bay sau day ap dung cho hai kiéu tiét dién tu do no ngang:
(1) ban BTCT chi ¢ thep chiu kéo, (2) dam BTCT chi ¢6 thép chiu keo (phan 1) va co
thém thép chiu nén (phan 2).

Phan tich momen-do cong ciia ban BTCT

Trong tinh toan bang tay, momen tai 3 mirc do cong (curvature) dugc xac dinh:

> d6 cong khi bé tong xuat hién niit ¢, (tai mémen gay nirt M.,

> d0 cong khi bé tong bién dang chay déo ¢, (tai momen chay déo M,)

> d06 cong khi bé tong bién dang cuc han ¢, (tai mémen cwe han M,)

Mit cat ngang ban BTCT duoc trinh bay du6i day. Muc tiéu 1a thiét lap duong quan hé (M-
) cho tiét dién ban. Xét mot khoang chiél} rong ban b = 12 in d¢ tinh toan, Thép loai Grade
60 va cuong do be tong f'. = 4 ksi. Gia thict 16p bé tong bao vé 1a | in.

Ba budc tinh toan phai thyc hi¢n tai cac giai doan: a) bat dau nut, b) chay déo, c) té1 han.

Chuong 4: QUA4A HE MOME4 - PO COa G
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L=

D=6

4+ #4 @ 6"
O
1

a) Bit dau nirt (cracking)
Bo qua su tham gia cdt thép (bo qua chuyén doi tiét dién twong duong),
_bD?  12x6°

. - ~216in°
12 12

M6 dun dan hoi clia bé tong: E, = 57000 /4000 ksi = 3604 ksi
felg _ 7,5+/4000 216
£ 1000 3

Mg _ 342
E.l, 3604 x216

I

Tinh moment gay nirt, M . = = 34,2 kip-in

Tinh d6 cong khi bat dau ntt, ¢, = = 4,4E-5in"

a hu vay toa d¢ bat dau nirt (¢.,, M.,) trén dudng quan hé (¢-M) 1a (4,4E-5 ; 34,2)

b) Chay déo (yvield)
Pé tinh toan, str dung momen quan tinh chuyén doi do nut (cracked transformed moment of
inertia). Bién dang t61 han trong thép chiu kéo 1a bién dang chay déo «,.

p— BEd ‘Frn' )

|::'-‘1‘:':: | 'T' l .-___.-""'# F;__":
d g ____.-"'x._ ¥

| - e R f,

— !
.--.
e |
& L nd
" ] B fr
Transformied | RIS CH T
Arags

Su phan b6 ung suat trong bé tong duoc gia thiét nhu & hinh trén. Chiéu cao vung bé tong
chiu nén dén truc trung hoa la kd. Bién dang trong thép chiu kéo 1a ¢, . P01 voi tiét dién
BTCT c6t don ta c6 cong thure,

k =4/2pn + (pn)2 - pn

voinlaty sd mo dun (n=EJE.) va p = Aybd. Bdi voi tiét dién trén ta co,
d=D-1-0,5x(4/8) =6-1-0,25 =4,75 in

.2
_ 2200 0679 ; 5= 22000 _g s
12x 4,75 3604

= k=0,28 (giatrinay hop Iy khong?)  Ans: k < 0,3 khong bi pha hoai don
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Tinh mémen M, quanh trong tam khoi bé tong chiu nén, ma vi tri cia né cach mép trén cua
ti¢t dién mot khoang bang kd/3, ta co:

M, = T AL (jd) = Adf,(d—kd/3)

M, =(0.4in®)x60x (4,75-0,28x4,75/3)=103,4 kip-in

b0 cong tuong ing:
&y 0,0021

by = =6,1E-4in’'
d- kd 4,75-0,28x4,75

4 hu vay toa do diém chay déo (by, M) trén duong quan h¢ (¢-M) 1a (6,1E-4 ; 103,4)

¢) Téi han (ultimate)

Hinh dudi cung cp thong tin can thiét dé tim momen téi han (M,) va do cong t6i han (¢,).
085S

— {I ]
wf T
& o
— -'t,l
S Slraniag

Gia thiét khdi ng suat bé tong chiu nén dang chit nhat kiéu Whitney-type (B; = 0,85),
Asty 0,4 %60

chiéu cao dén truc trung hoa la: ¢ = , =
0,85f.bp;  0.85x4x12x0,85

=0,69 in

Momen t6i han M, tinh béng:
My = Aty (d—-0,5B1¢) = 0,4%x60x(4,75-0,5%0,85%0,69) = 106,9 kip-in
Ecmax _ 0,003

0,69
a hur vay toa do diém toi han (¢, M,) 12 (4,3E-3 ; 106,9).

D¢ cong téi han ¢, 1a: ¢, = =4,3E-3 in”

Cht y chi c6 khéc biét nho gitta mémen M, (104 kip-in) va mémen M, (107 kip-in).
150

109 o, O

./
P

0
LI ERE o] 0,003 0,003 0,004 0,005
Curvature Lo

Blornent (Kig-in)
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4.2.3 Phian tich mdmen-dd cong ciia dim BTCT

Phén tich mau dam BTCT dudi day c6 phuong phap twong tw nhu vi du ban BTCT trinh
bay ¢ trén. Hai truong hop s€ dugce nghién ciru : (a) chi c¢o thép chiu kéo, (b) co thép chiu
kéo va chiu nén. Cac dir li¢u chinh trinh bay trong bang duodi day.

.'r-l 4 HH SR
A

_I'.. &0 ksa —i & 7 179 (part b oualy)
5 0.474 kn
'{5 13,210 in? =

——0—8 34 (pars a and b)
E, 3604 ksi * y s

— 5 =F
P 0.009%
P 0.0068

1. Phan 1: Khong co thép chiu nén (khong ¢ 2#9)
a) Bit dau nirt

I
M, =21, = 13319 (0,474) = 573 kip-in
Yt 11
b= e =B _ | jop5ip!
Ecl, 3604 x13310
b) Chay déo

n=8,04; p=0,0099

k =+/2pn + (pn)2 - pn=0,327

M, = Asfy(d-k—;): 3,0% 60 (20—@ ) = 3207 kip-in
)
by =—2—= 0,0021 =1,56E-4in”
Y d-kd 20-0,327x%20
¢) Téi han
Af
c=——SY  _ 3,0x60 =4,15in

0,856.bp; 0:85x4x15x0,85

0,85x 4,15

M, =Asfy(d-%)=3,0x60(20- )

= 3282 kip-in
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Oy = Cemax _ 0,003 =17,2E-4 in! = Ho = Gu/Py = 4.6

c 4,15

2. Phan2: Co thép chiu nén (c6 2#9)

a) Bit dau nirt (nhu trén)

I

M =51, = 13310 474) = 573 kip-in
yt 11

O = M 973 =1,19E-5 in”!
El, 3604 x13310

b) Chiy déo

n=8,04; p=0,0099; p>=0,0066; d=20>; d’=2"

= \/2(p+%p')n+(p+p')2n2 —-(p+p"Yn=0,301
Phuong trinh tdng quéat cia mémen M, Ia:
kd rooo kd
My =Agf,(d -T) +Asfg(d -T)

v6i tng suét thép chiu nén 13 ham sé ciia khoang cach k. 4 éu g suat thép chiu kéo 1a fy,
thi bién dang thép chiu nén c¢6 thé xac dinh bang qui tac tam giac nhu sau:

fo= o 173 ksi
d—kd
My=3,0x60(20-M)+2,0X17,3(2_M)
= 3238 kip-in
€
¢y __ Yy 0,0021 1 .50E-4 in"
d—kd  20-0,301x20
¢) Toi han

Tinh toan (¢, , M,) doi hoi mdt s bude tinh lap dé tim vi tri truc trung hoa. Trong tinh tay,
ban dau gia thiét bién dang thép chiu nén &'s vurot qua bicn dang chay ¢, , gia thiét nay ciing
s€ duoc hau kiém.

ALy AT 3,060 -2,0x 60

. = =1,381in
0.856,bp,  0:85x4x15x085

M, =(0,85f;ﬁ1cb)(d-ﬁl )+ Al ' (d—d") =3321 kip-in

_ 0,003 _ 2.20E-3 in’!

— 8CII’L’:[X
bu c 1,38
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Kiém tra lai gia thiét ban dau cho bién dang trong thép chiu nén,

! (e
€s = €cmax (

) 0,0015=0,71e, <&, (g,=0,0021)

ahu vay gia thiét ban dau 1 khong ding va doi hoi bude tinh lap khac. Sau mot s6 lan tinh
lap ta co:

¢c=2.90"

6 = scmax(c = 0003(M) 0,00093

)

f, = E e = 29000 x 0,00093 =27 ksi

Mu:(0,85f;51cb)(d-51°)+A' f's (d—d') =3331 kip-in

5, = Semax _ 0,003
u

= 1,0E-3in" = py= /=67
C 2,9

Bay gio khao sat bang dudi day cho BTCT ty do nd ngang (khong ¢ ¢6t thép dai).

Thép chiu nén
Khong Co
M, 3207 3238 <« it thay d6i
by 1,56E-4 1,50E-4 | « khong doi
M, 3282 3331 « it thay dbi
du 0,72E-3 1,0E-3 <« tang 40%
o 4,6 6,7 <« tang 40%
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43 PHAN TiCH MOMEN-PQ CONG CUA TIET DIEN BI EP NGANG
4.3.1 Tinh toan cac dap ung

Trong tinh toan bang tay, momen tai 3 mirc d6 cong (curvature) ciing duwoc xac dinh twong
tu nhu cac tiét dién tu do nd ngang:

> d6 cong khi bé tong xuat hién niit ¢, (tai mémen gay niit M.,)

> 6 cong khi bé tong bién dang chay déo ¢, (tai momen chay déo M,)

> d0 cong khi bé tong bién dang cuc han ¢, (tai mémen cwre han M,)

Cac phuong phap tinh toan trinh bay sau day ap dung cho tiét dién dam BTCT bi ép ngang
(c6 b tri thép dai) véi cau tao nhu hinh v& dudi day. Thép dai vong #5 , budc dai s, = 4”7

Budc tinh thir nhét 13 xac dinh cic dac trung cua bé tong bi ép ngang. Trong vi du nay,
momen uon quanh tryc x-x gay ra trng suat nén ¢ phan dinh cua mat cat dam BTCT (phia
thép 2#9). Truc x va y nhu hinh vé.

£ 4 ks o
t'l'r iﬁ'ﬂ.l"
A -
f 6 Jos - ! —
Ay _'_.""E y
i (1.474 ks A i 25 fas 7 4 1m0 om cenber
Te 13,210 m* | [
N — o
[
E 3604 ks b 3
— 157 —>
P 0. 0099
P 0 0066

Vi tiét dién nhu trén, sir dung cac cong thie trong Chuong 3 ta co:

R, =132 0n

BT =202

.L"-Cl:la-
=— —=00114
Py 4%13.2 }pr:2Ah ;pX:2Ah
o =3 =g o074 Shix Snhy

) A 3'.-.1 :\.
Do tiét dién chi nhat, gia sit hé s6 hiéu qua K. = 0,75, ta ¢o:

4
fx g p, M~ 0,75x 00074x%=0083
f

C C
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fly fyh 60

—=K.py, = =0,75x0,0114 x — = 0,128
f, 7, 4
Confinea Strength Ratio ./
Lt L5 £
{ =T : T T
g 'rl |I
£ \ 1 |
il
etk T }
) e gt
F -y L L L LT LT T I’I"ﬁyt
v d o2
5 __
E‘;‘ L Bigaigi
- L
o3 WAL \
o ar o2 o3

smalest EWechve Donfung
Stress Ratio. G,/

St dung biéu do trén, chii y rang cuong d6 ép ngang hié¢u qua 16n nhat cua vi du nay 1a f,,
suyratacod K=1./f.=1,6 va cuong do 161 bé tong bi ¢p ngang do d6 bang :

foo =Kf, =1,6x4 = 6,4 ksi

St dung mo hinh Mander voi cac ky hi¢u nhu trong hinh dudi day:

Compressive Stress f

Compresswve Sfram Ep

Ta ¢ cac thong s6 can thiét khac dé thiét 1ap duong quan hé (f.-¢.) cuia tiét dién bé tong bi

¢p ngang la:
fyh = fy= 60 ksi; &m = 0,1 (thép Grade 60)
1,4 + f e
e 20,004 4 2P FPIEw _ 0

cc
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6o = 0,002[1+ 5(2 _ 1)7= 0,008
C

By, = 1 = 800 ksi; E,= 3604 ksi

CC
r=—Be g, X = ¢ = 125¢,
E¢ —Egec €cc
fooXr 1024¢,
fe = v 1,28
r—1+x 0,28+ (125¢.)>

Puong quan h¢ c—¢ cua cac truong hgp be tong bi ¢p ngang va bé tong tu do n¢ ngang cua
vi du nay duogc bi¢u dién nhu sau:

o

Z —
o7 N 1
L \
AN AN
i3 _f p" Confinad
£ 2 Y ® Uncanfied
S {
0
0400 0.0l 02 (R E]

Conrpressinve S (i)

Pé tinh momen t6i han M, va d6 cong tdi han ¢, cho tiét dién nay, cac thong s6 khdi tng
suat bé tong chiu nén can phai dugc xac dinh. Cac so li¢u da bict gom:

€
K=f'cc/f'c= 1,6, Ch(_)n €omay = €™ 0’028’ €= 0’008’ M=3’5
€cc
S e L P e e ! 20
! i
EE==Fh
— N '|_ ol o= |- 1
: . : T 08 B ;’E T 1T 7T1T7T w10
g | ap — ;
{4 E ad IIHI'Ir_ | = —~
i | S = ! -
g b ———"Stroin Achugd | By | oWl L - .
. | Frofie  Siesses |Tiress Slock N 1]
LTI T TT T T R |
a i ? i u ] a [] F] ) F [
EemEec Ecm#Eep
fel )
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Tur cac biép dé trénta co: f=1, ofp = 0.9, o= 0.9 . Luc nay chiing ta ¢6 du cac thong sd
can thiét d¢ thuc hi¢n sy phan tich moémen-do cong.

a) Bit dau nirt (nhu trén)

I

M =51, = w(o 474) = 573 kip-in
Yt 11

bop=er o9y j9p.5in!

Elg 3604 x13310

b) Chay déo (nhu trén)

n=8,04; p=0,0099; p’=0,0066; d=20>; d’=2"
= \/2(p+%p')n+(p+p')2n2 —(p+p')n=0,301

Lo kdo dfy—173ks1
d - kd

kd " kd o
MyzASfy(d-T)nLAsfs(d -T)=3238 kip-in

f

&y 0,002l

- =1,50E-4 in’!
d-kd 20-0,301x%20

by =

¢) T¢6i han

Trong tinh toan bén dudi, bo qua anh huong c6t thép chiu nén.
» Tac dong clia quyét dinh nay s& ban luan sau.

Do nén ngang, bé tong s& c6 bién dang max vuot xa bién dang nut vo (spalling) ma dugc
gia thiét 1a gp = 0,004. Do d6, ¢ giai doan tinh todn t61 han can gia thiét rang 16p bé tong
bao vé da bi nirt vo (xem viung chéo mau cam ¢ hinh dudi).

A

b=15-2(2-9/16-5/8)=132in

d=22-2-(2-9/16-5/8)=19,1 in

a=0.9; Bi=1,0
Aty 3,0 x 60

——= =2,361n
af,bpy  0,9x6,4x13,2x1

c=
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b)-

= (af, CBlcb)(d-B—) = 3215 kip-in
€ 0,0028

¢, =—o=2"-—=1,19E-2 in
c 2,36

M(I) = (I)_u = 79,3
by

Bay gio khao sat bang so sanh thong s6 dudi day cho BTCT tu do no ngang va BTCT bi ép
ngang (khong/co cot thép dai).

BTCT Thép dai

cot don Khéng Co
M, 3207 3207 | « khong doi
by 1,56E-4 | 1,56E-4 | < khong doi
M, 3282 3215 | « it thay déi
by 0,72E-3 | 1,19E-2 |« tang 17 lan
o 4.6 79,3 « ting 17 lan

Xét tac dong loai bo thép chiu nén anh hudng két qua tinh toan nhu thé nao?
» S& anh huéng vi tri truc trung hoa ¢ khi xét dén thép chiu nén? = .
Agfy — Agf

o Cht ycong thirc: ¢ = ,
Otfccbﬁl

» 4 éu bién dang max cua bétdng ., = const, va ¢ thay ddi (giam) do c6 xét dén thép chiu
nén, do cong toi han ¢, bi anh huong nhu thé nao? =

Xét viée loai bo sur tai bén vé bién dang (strain hardening) ciia thép s& anh huong dén két

qua tinh toan nhu thé nao?

> Anh huéng trén cuong d6 M, va d6 cong ¢, ra sao? f, T _

Tom lai, d6 cong to1 han ¢, (ultimate curvature) va d6 deo t61 han p, = ¢u/¢y (curvature
ductility) ciia tiét dién thay d6i nhu thé nao? Xét bang dudi day:

Tang ¢u, Mo ?
Tang thép chiu kéo p = Ay/bd giam
Tang thép chiu nén p' = A'y/bd ting
Tang cuong d6 thép f, giam
Tang cuong do bé tong . ting
Téang thép dai p" = p. + py tang
Tang luc nén doc 4 giam
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44 PHAN TiCH MOMEN-PQ CONG CUA TIET DIEN PHUC TAP
a hiéu phén tich moémen-d6 cong du’,qc thuc hi¢n trong céc van phong thiét ké st dung cac
phan mém lap trinh tinh toan. Mgt s0 phan mém ti¢u bicu la:
> BIAX: phat trién boi Wallace tai UC Berkeley vao dau thap nién 1990.

» UCFyber: phat trién boi Chadwell tai UC Berkeley vao cudi thap nién 1990, tham khao
tai Zevent website: http://www.zevent.com/framep.html

> SEQMC: phat trién boi SEQAD vao cudi thap nién 1990, tham khao tai SC Solutions
website: http://www.best.com/~solvers/seqme.pdf

Cac chuong trinh tinh toan déu van hanh tuan thu mot tiéu chuan thiét ké nao d6 véi nhiéu
dic tinh va cach sir dung rat khac nhau. Phan dudi day 1a trinh bay don gian cach thiét lap
cac quan hé mémen-do cong cho cac tiét dién bat ky. Mot s6 1a két qua nghién ctru cia
Priestley, Seible, va Calvi.

Trong phan nay, gia thiét quan hé (c—¢) clia bé tong da duge xic 1ap trude (cho trude).

Fdi B L B
1040 - - TOO
- F DD :-:
i 801 =z
‘; Grade 4p [ 500 "
5 5
g 8o; +Lsto &
- 380
40 I
= B0
20
' = |
1] L]

6 2 4 & & 10 12 14 18 18 20
Strain (X)

O day trong phan tich mémen-do cong gia thiét rang quan h¢ (c—¢) cuia thép 1a dan hoi déo
Iy tuong (elastic perfectly plastic). Gia thiét don gian dé tinh toan nhu vay co ban 1a bao
thu. Ma hinh minh hoa trén, Priestley, Seible, va Calvi, thé hién cac duong cong (c—¢) khac
nhau khi kéo thép:

» cuong d6 chay déo danh nghia so vdi cuong d¢ chay déo thuc do.
> ving bién dang chay déo (diém 1) va bién dang cuc han (diém 4) cho cac loai thép.

> cac gia tri e,y khac nhau cho cac loai thép (diém 3).
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Xeét quan h¢ o—¢ dudi day chiu tai don cua thép tron Grade 60 (Priestley, Seible, va Calvi).

Shress

by tah b Epu
Strain

Ddi v6i loai thép nay, cuong do chay déo mong doi-expected yield strength (fye) s& 1on hon
cuong do chay déo danh nghia-nominal yield strength (f,) khoang 1,1-1,3 lan. Bién dang
e = 0,008 va bién dang cuc han g, = 0,12.

Trong mién bién dang tai bén - strain-hardening region (eq, < €, < &4,), Ung suat thép co thé
tinh bang:

2
0,12 —¢
fy =fye|1,5-0,5 =5 4-1
) ye[ ( 0,112 j] “-D

Trong phén tich véi truong hop bién dang bé tong 16n hon 0,003-0,004, ngudi tinh toan
phai phan biét gitra ving bi ¢p ngang (confined) va vung tu do n¢ ngang (unconfined) cua
cau kién BTCT:

> bé tong nam trong thép dai xem nhu bi ép ngang

> bé tong nam ngoai thép dai xem nhu tu do no ngang

Phén con lai cua bai giang sir dung cac thuat ngit (nomenclature) cua Priestley, Seible, va
Calvi nhu trinh bay trong hinh dudi day:
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|J_

|a} Circular Column

Phén tich mémen-d6 cong la mot phuong phap tinh lap bao gom xét dén lap can bang luc
doc va can bang momen trén tiét dién tinh toan va lya chon cac gid tri clia bién dang nén ¢
meép ngoai cung, extreme fiber strain in compression (&c).

Xét tiét dién tron & trén. a ghiém cho tiét dién chit nhat thi tinh twong ty nhung don gian
hon.

Tu can béng luc doc trén tiét dién ta co:

0,5D
P= .[[ c(x)f (ex)+ (b(x) bc(x))fcu(sx) ldx+ ZASlf (exi)
0,5D-c i=1
(4-2)
Véi: ey =S (x-0,5D +c)
C
Tu can bang lyc momen trén tiét dién ta co:
0,5D
M= .[[ cfe(€x) +(bx) - befeu(ex ) Ixdx + ZASlf (exi)Xi
0,5D-c i=1
(4-3)
trong do: b= e
C

Trong céc phuong trinh trén, fu(e), fu(e), va fi(e) 1an lugt 1a {mg suét trong bé tong bi ép

ngang, ty do no ngang, va thép doc, va chiing 1a cac ham s cua bién dang; A, 1a dién tich

thép doc tai khoang cach x; tinh dén truc doi xting. Céac dai lugng khac xem chi ti€t ¢ hinh

bén trén.

Chu y néu tiét dién 13 hinh chir nhat, cic phuong trinh trén day dugc don gian hoa nhu sau:
0,5D n

P= I[bcfc (g,)+(b-b I, (g, )]dx+ ZAqlfq (e,)

0,5D-¢ i=1
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(4-4)
0,5D n
M= [[b.L.(e,)+(b-b)E, (e, )Ixdx+ Y A L (6 )x,
0,5D-c i=1
(4-5)

rErEEEr————

RN A

Frorremers

NS

¥
1

(b} Rectangolar Colomn

Céac buoc giai tom tat nhu sau :

1. Chon mot gia tri bién dang mép ngoai cung &, va lyc doc truc P.

2. Tinh chiéu cao viing bé tong nén ¢ bang phwong phap thir dan va kiém tra sai s6 twong

tmg voi luc cho trude P va bién dang cho trude . (sit dung (4-2) hay (4-4)).

3. Tinh mémen M va do cong ¢ bang cach ding cac phuong trinh ¢ trén (st dung (4-3)

hay (4-5)).

4. Chon mot gia tri modi cua bién dang . (cho dén khi béng bién dang nén td1 han cua
bétong e.may), sau do lap lai cac budce tinh 2 va 3.

5. Chon mgot gia tri modi cua luc doc truc P.
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4.5 PHAN TiCH TIET DIEN VOI PHAN MEM UCFYBER

Phén tich mémen-do cong ding phan mém tinh toan UCFyber dugc tom lugt nhy sau:

S0 e
"]
...-"""ﬂ‘
. < oy L
£ 000 fanid
E 0ok J Ralbear elean handsnirg
k= =======  Rahar hilinaar
-
L1k
L1}
LLE (LR 0004 006 QAE Q.00

Curvamcs (1)
Chi y rang anh huong ctia bién dang thép tai bén ¢6 dugc xét dén trong chwong trinh tinh
toan UCFyber, khi d6 so voi mo hinh thép dan hoi déo 1y tuong (bilnear model), nhan thay:

> ¢6 mot luong tang dang ké vé cuong do ti han M, (can phai xem xét dén trong thiét ké
kha nang pha hoai, capacity design procedure, tham khao phan 1.2.3.4 cua chuong 1)

> ¢6 mot lwong giam dang ké vé do cong téi han ¢,

Chuong 4: QUAZ HE MOME4 - PO COa G
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PHU LUC 1
——— { i
|._-.¢;§:_ | I 4 ]2 r'— r
'.], {/I'_ L

=] ] [
sum = = J
L
o nd,

Ey

Tromafomnsd E—
ATess

Chirng minh: k =+/2pn + (pn)* -

voik=c/d; n=EJ/E;. va p = Ay/bd;

tu PTCB luc:
F. =F; & 0,5bkd 6 max = A0y (P1-1)
= 0,5bkd (E c&¢ max ) = Ag(Egeg) (P1-2)

tlr so d6 bién dang:

Semax _ &5 Ee max = k (P1-3)

kd d-kd

Thé (P1-3) vao (P1-2) ta ¢6:

k E

eg) = Ag(Egeg) = 0,5bdk 2 = A=K (P1-4)

C

Vi: n=EJ/E;; p=Ay/bd nén taco :

0,5k2 = np(1 - k) > |k=+/2pn+(pn)? —pn (P1-5)
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PHU LUC 2

Chirng minh: k=\/2(p+k'p')n+(p+p')2n2 —(p+p)n

voik=c/d; K =d/d; n = EJ/E, va p = AJ/bd; p'=A’/bd

twong tw cach tinh cua Phu luc 1, tr PTCB lyc:
F.+F'y=F, < 0,5bkd o, ax = As05—A'g0' (P2-1)
= 0,5bkd (E c&¢ max ) = A(Egeg) — A’ (Ege'y) (P2-2)

tir so d6 bién dang;

S
kd  d-kd < €¢. max Egs (P2-3a)
kd8 T 8Skd S s = li_lli & (P2-35)
Thé (P2-3) vao (P2-2) ta co:
k , k- k'
0,5bkd (E¢ —¢5) = Ag(Eses) —A's (B ——¢5) (P2-4)
1-k 1-k
— 0.5bdk 2 =SS A (1-k)—ZS A" (k—k") (P2-5)
E. ° E, °
C C

Vi: n=EJ/E.; p=Aybd; p'=A’/bd néntaco:

0,5k% =np(1-k)-np'(k — k') (P2-6)

> |k=20p+k'p)In+(p+p)n® —(p+p)n (P2-7)
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Chuong 5: PHAN TiCH & THIET KE HE THONG SAN BTCT

5.1 HE THONG SAN BTCT

5.1.1 Phan loai h¢ san BTCT chiju tai trong ding
C6 mot s6 hé san BTCT 2 phuong chiu tai trong dirng mo ta dudi day:
> H¢ san phang - flat plate floor system

o chiéu dai nhip = 15-20”
o chiu tai trong nhe (vi du tai trong can hé chung cu)
o gia thanh ré vi chi phi van khuon thap
> H¢ san nam - flat slab floor system
o chiéu dai nhip =20-30”
o chiu tai trong 16n hon san phang (vi du tai trong van phong lam vigc)
o st dung cac tim pa-nen (drop panel) d&é giam tng suat cat (true tiép va do mémen
gay ra) tai dau cot
» H¢ san 0 luoi - grid (waffle) slab floor system
o chiéu dai nhip =20-35~
o chiu tai trong lon (vi du tai trong nha cong nghi¢p)
o d06 cting 16n dan dén chuyén vi nho
o gia thanh dac tién vi chi phi van khuon cao
> San 2-phuong c6 dam (khung thong thuong)
> San 2-phuong c6 dam noéng (band beam)
o Kich thudce dam nong rong va can nham han ché t6i da chiéu cao dam va cho phép
d¢ dang qua lai

So dd 4 dang dau tién ctia hé san BTCT dwoc MacGregor trinh bay duoi day:
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Dé thiét ké san va hé san BTCT, nguoi k¥ su phai:
> Xéc dinh dugc duong truyén tai trong (load path) tir san dén cot va tuong — xem hinh
dudi

» Thoa man cin bang lyc — xem hinh dudi
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5.1.2 Céan bing lyc trong h¢ san 2 phuong

Trudc hét xét hé san mong co dam (plank-and-beam floor system) nhu hinh v& duoi day
(theo MacGregor). Chi¢u dai nhip san mong gitra hai dam 1a 1, va chicu dai nhip dam tu-
goi-dén-goi la 1,

Gia su r.;?u}g tai trong dung tac dung 1én san 1a w (kips/ft®). Trén mat cat A-A cta hinh V&,
moémen uon don vi (m) bang:
2
1 . .
m = WTl kip-ft/ft width

Mdmen udn téng cong M trén toan chiéu rong ban san (bing ngang mit cat A-A) Ia

M = % kip-ft
Tai trong dirng w duoc t}'u}{én )guéng dam thong qua cac gbi dd cua ban san. Moi dam
chiu mot tai trong phan bo déu bang

—L Kips/ft
Momen (My+) tac dung tai giita nhip mdi dam (tai mat cit B-B) 1a:

H3
My =My, = —5 kip-ft

Va tong momen tac dung trong ca hai dam la

M = ng—ll% kip-ft

Nhu vay trong vi du ndy, tai trong w truyén theo huéng dong-tay boi ban san va gay ra
momen tuong duong 14 wl*/8, va truyén theo hudng bic-nam béi cac dam va ciing giy ra
momen trong dwong 1a wl*/8.

Bay gio xem xét hé san phang 2- phuong dudi day. Sy truyen tai trong tuong tu nhu trong
hé san mong c6 dam & trén. Mot 1an nita, tai trong truyén huéng dong-tay va réi hudng
bac-nam, nhung lan nay chi ¢6 ban san chiu tai mgt minh.
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2
N

Mobmen téng tinh toan doc theo mat cit A-A va B-B la:

wly)If wi)13
Maa =2 snys g p = (U2 ()
Hai phuong trinh nay phai dugc duy tri bat chap loai hé khung dd san, hay néi mot cach

don gian, chung la cac diéu kién can bang.

5.1.3 Ung xir ciia h¢ san 2-phuong bi ph4 hoai uon

Tru6e khi trinh bay cac phwong phap phan tich va thiét ké hé san 2-phuong, can phai
nghién clru tng xu cia mot hé san 2-phuwong bi ngam ca bon canh don gian nhu hinh bén
dudi (theo MacGregor).
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MacGregor nhan dinh c6 4 giai doan ing xu cua mot ban san BTCT chiu tai trong dén khi
pha hoai nhu trich dan dudi day. Gia st rang cot thép 16p trén va 16p dudi ban san phan
bo theo cac hudng déu bang nhau.

» Trudc khi nut (gial doan 1)

o Tam san lam viéc nhu ban dan hoi; d6i v6i tai ngin han, d6 vong va tng suat tinh
theo phuong phéap phan tich dan hoi

= Nt do co ngoét trong san bi ngén can nhu hinh vé ?

» Sau khi nurt va trude khi thép chay déo (gial doan 2)
o Trang thai thong thuong trong san nha khi chiu tai dich vu (service loads).
o Ban khong duy tri 0 cung khong giéi lau hon dugc nira ; tinh dang huéng khong
duy tri lau hon dwoc ntra vi cac kiéu nit khac nhau trong 2 phuong ; cac ving bi
nit c6 d6 cling nhu theé nao (cao hon/thap hon) ?

o Ly thuyét dan hoi 1a phuong phap hop 1y dé tién doan moémen trong giai doan nay.

» Thép chay deéo (giai doan 3)

o Chay déo ban dau hinh thanh trong ving ¢c6 mémen am 16n (xem hinh b. & trén,
giai doan A)

= Sy phan phdi momen trong mot nhip dam c6 hai ¢au ¢6 dinh nhw thé nao?

> Cac khép déo (plastic hinges) hinh thanh khi bién dang vuot qua bién dang chay déo
(do tang tai trong) va phan phdi lai momen, rét cudc gy ra cac momen dwong chay
déo tai viing trung tAm san va cac momen am chay déo tai cac goi tua vudng goc (xem
hinh c. ¢ trén, giai doan B)

> Co cau duong chay déo - yield line mechanism (giai doan 4)

o Khi tang tai thém nira, cac viing chay déo (nlit say duong chay déo) phét trién chia
ban san thanh mot loat cac tam dan hoi hinh thang hay tam giac nhu trinh bay &
hinh d. bén trén (giai doan C); cac tai trong twong Ung voi giai doan nay cé thé
tinh toan bang phan tich duong chay déo - yield line analysis (s& dugc trinh bay
trong chuong nay va chuong sau).

Muc dich ciia trinh bay trén gom 2 phén :

% Phén tich dan hoi cua tm san BTCT c¢6 thé 1a khong chinh xac ddi véi cac tai
trong 16n hon tai dich vu (va doi voi cac tam san bi nirt dang ké do co ngot, ...)

% Su phén bd lai ddng ké cua tai trong xay ra trong hé san sau khi c6t thép bt dau
chay déo.

o Can du d6 déo (ductility) @& cung cap su phan bd lai cua tai trong (load
redistribution).

Chuong 5: PHAN TiCH & THIET KE HE THONG SAN BTCT
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5.1.4 Su phin phoi mémen trong bin san 2-phwong

Muc dich ctia trinh bay duéi day 1a minh hoa mbi quan hé giita 6 cong va momen trong
ban san. Xuat phat tir cac phwong trinh cén bang Iuc trong ban, ma s& dwgc phan tich ¢
cac chuong sau, va cho hé s6 Poisson bang 0. Cic mdmen theo phuong x va y, va mdmen
xoan, duoc tinh boi cong thire (5-3) sau:

m __Et3 (822
* 12 \ox 2

momen ty 1& tuyén tinh véi 4o cong

3 2
m, = -2 972y (5-3b)
Y 12"y
3 2
m, =-E 972, (530
x 12 0x0y

& day truc z 1a truc thing dimg. Momen xo0dn my, s& duwgc ban luan trong cac chwong sau.

Bing cach quan sat dang vong (deflected shape) cta san, sy phan phdi moémen trong san
c6 thé udc doan madt cach dinh tinh. Xem xét 1an nita mdt tam san 2-phuong dugc ngam
ca 4 canh. Cac dang vong cua 3 dai san (slab strip) A, B, va C duogc trinh bay ¢ hinh dudi

(theo MacGregor).
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Xét cac dai A va B. PO vong 16n nhét trén hai dai xay ra trong dai B va do d6 cac do cong
trong dai B c6 gia tri 16n hon so voi cac d6 cong trong dai A.

» Momen trong dai B do d6 16n hon trong dai A
Do cong 16n nhat trong dai C ¢ dau ? Gan got twa ? Ving trung tam dai C nhu thé nao ?

» chuyén vi trén truc z xap xi hang so; c6 nghia la gi ?
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5.2

5.3
5.3.1

PHAN TiCH HE SAN BTCT
C6 2 nhém chinh trong phan tich h¢ san:
> Céac phuong phap dan hoi - Elastic methods
o Phuwong phap thiét ké truc tiép - Direct Design Method (ACI §13.6)
o Phuong phap khung twong duwong - Equivalent Frame Method (ACI §13.7)
» Phan tich gi6i han - Limit analysis
o Phuong phap can trén - Upper bound method (vi du Phan tich duong chay deéo)
o Phuong phap can dudi - Lower bound method (vi du Phuong phap dai)

Thong tin chi tiét vé Phuwong phap thiét ké truc tiép (DDM) va Phuong phap khung tuong
duwong (EFM) dugc trinh bay trong ti€éu chuan ACI va céc tai liéu thiet ke BTCT khac.

» DDM va EFM dugc st dung rong rai trén thé gioi trong thiét ké hé san chiu tai trong
dlrng.

» Khong trinh bay thém trong giao trinh nay (CIE 525).

Trong gi4o trinh nay, sy trinh bay vé phéan tich va thiét ké hé san BTCT chiu tai trong
dtrng chi tap trung vao hai phwong phap phan tich gigi han.

PHAN TiCH PUONG CHAY DEO CUA SAN PHANG
Gi6i thi¢u chung

Phén tich duong chay deo (Yield-line analysis, YLA) dung ly thuyét déo ctng (rigid-
plastic) dé xac dinh tai trong pha hoai twong trng voi strc khang mémen déo cho trudce.

e (6 thé ap dung cho ciu kién ban, dim, khung.
e Ddc lap voi chung loai vat ligu két cau: BTCT, thép, VL khac ...
e Khong cho biét cac thong tin vé d6 vong

e Chi hitu ich cho phan tich tng xir giai doan tdi han hay sau khi chay déo (post-
yielding).

» Khong cho biét thong tin vé dap ung ddi vai tai trong dich vu (service-load)
e Thuong ding dé danh gia cac cong trinh da xay dung
e La phuong phap dong hoc uwdc doan can trén (upper bound) cla tai trong pha hoai

» Antoan hay khong an toan ?

Johansen da phat trién 1y thuyét duong chay déo hién dai vao cubi thap nién 1950 va dau
thap nién 1960. & hiéu thong tin vé phuwong phap phan tich dwong chay déo c6 thé tham
khao chi tiét hon trong cac tai liéu clia (a) Park and Gamble, va (b) MacGregor.

Gia thiét veé trng xur déo cuing c6 thé mo ta nhu sau:
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C6 3 qui ludt co ban dé xac dinh kiéu duong chay déo trong ban:

1. Duong chay deo phai la cac dwong thang tao thanh cdc truc chuvén dong
xoay cua cac phan manh cing (phang).

2. Cac canh goi do san phai lam viéc nhw cac truc xoay. Neu mot canh goi do
san bi ngam, mot dwong chay deo dwoc hinh thanh doc theo canh goi do.
Truc xoay sé di qua dau cot do san.

3. Bé: cdc bién dang dwgc twong thich, mét dwong chay déo phdi di ngang giao
diem cua hai truc xoay cua cac phan manh ké nhau.
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5.3.2 Kitu duong chay déo

Céc ky hiéu qui udc cho cac didu kién bién, truc xoay, duong chay déo ma dugc st dung
trong giao trinh dwgc mo ta dudi day (chu y momen duong cho mat dudi ban):

Foe |ussapports| acge R ——
OB Gty rupacrtnd e e, Frdraeinimen| yeid e
Rttt Fooed eo — e Ngttieemcment v eld ing

o Calusn

Qui luat 3 ¢ trén da dé cap dén cac duong chay déo di ngang giao diém cua hai truc xoay
cua cac phan manh lan can nhu dwgc mo ta duoi day:

iy for seEmenil A

wnothey opton”
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Park va Gamble mé ta mot s6 kiéu duong chay déo clia tim san chiu tai trong phan bo déu
trong cac hinh vé bén dudi :

‘....'iilfbll‘l"'
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5.3.3 Cuong dd chong udn ciia san trong phan tich dwong chay déo

Dbi voi mot duong chay deo phat trién vuong goc voi cot thép san, mémen khéng uén cua
mot don vi chiéu rong san bang:

f
f(d- %) = Af,[d-059A, )| (5-4)

voi A la dién tich thép chiu kéo cua mot don vi chiéu rong san.

Trong thiét ké ACI 318, vé phai cua phwong trinh trén dwgc nhan thém hé 5O ¢ dé tinh
toan cuong do tin cdy (dependable strength). a hu dugce trinh bay trudc day, co thé loai bo
anh huong cua thép chiu nén trong tinh toan cudong do chéng uén, vi cac tiam BTCT la

“gia cuong thap” (under-reinforced), thép chiu nén it 1am thay d6i cuong do chéng uén
to1 han cua tiét dién.

Phuong trinh trén la tiéu chuan déo cho mot dwong chay déo vudng goc véi cot thép san.
a hu vay truong hop duong chay déo nghiéng goc (khong vuong goc) voi truc cot thép
san thi cuong d6 chéng uén hay moémen khéng udn sé nhu thé nao ?
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Truwong hop ban: m, = Afy(d _7) = A fy(d=0,59A f—,)
c
v6i b 1a don vi chiéu rong ban (b = 1)
From force H||.|ilil|i||rl
CmT
o, 0BS5S b = Aty
wov e mom ﬁij"
OB
From moment equilibrinm
M, m (CarThHid - %_I m Ay (d - %r
Substimbing 3 from force aguilibriom,
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Bai tip 1:
Hay thiét 1ap cac kiéu duong chay déo hop 1y cho cac tam chiu tai phan bd déu.

2 2 2
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Kicu 1 Kicu 2 Kicu 3
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b n {
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Lién két gbi tua

Bai tip 2:
Hay thiét 1ap cac kiéu dwong chay déo hop 1y cho tAm hinh thang chiu tai phan bé déu.

Kiéu 1 Kiéu 2 Kiéu 3

3 5

e E Fa ) i

- e

= o
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L oo
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£3 o £y e
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Lién két ngam
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Bai tap 3:
Hay thiét 1ap cac kiéu duong chay déo hop 1y cho tam chiu tai phan b6 déu.

Kiéu 1 Kiéu 2 Kiéu 3

Lién két gbi tya
Bai tap 4:

Hay thiét 1ap cac kiéu duong chay déo hop 1y cho tam chiu tai phan bé déu.

2

dul Kiéu 2 Kiéu 3

Lién két ngam Lién két goi tua
Bai tap 5:

Hay thiét 1ap cac kiéu duong chay déo hop 1y cho tam chiu tai phan bé déu.

Kiéu 1 Kiéu 2

2
>
=

98]

Lién két ngam
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Chuong 6: PHAN TiCH & THIET KE HE SAN:
PHAN TICH PUONG CHAY DEO

6.1 PHAN TiCH PUONG CHAY DEO
6.1.1 Cuodng d) chong udn ciia san tai cic duwong chay déo nghiéng goc so voi truc cot thép

Tai phan cudi chuong vira hoc (chuong 5), mot phwong trinh da dwoc thiét 1ap dé tinh
cuong do chong udn cia san voi duong chay déo vudng goc. Su phat trién duge mo rong
sau day 1a cho truong hop ma duong chay déo nghiéng goc so véi truc cdt thép, cu thé 1a
tinh momen t&i han trén don vi chicu rong doc theo mét duong chay déo nghiéng goc
khac 90° so voi truc x va y.

Theo Park va Gamble, hinh v& dudi day thé hién mot duong chay déo nghiéng goc o so
v6i ludi thép true giao nhau. Trong truong hop ndy, mémen xoan va udn clng s& ton tai
trén duong chay déo nhu duoc thé hién trong vong tron bén dudi. Trong vong tron do,
chi¢u dai ab bang don vi.

= Actou | yigld ng
Ecpansilinit | -"1 A""
g vk -
i \' Men /
= g

- S—
- MigrmeaTs acting on

il
"
=
4

A nAnrcsregn

PR —

Tiéu chuan chay déo Yohansen cung cap mot phwong phap dé tinh:
» Momen udn tdi han trén mot don vi chiéu rong, my,

» Momen xoan trén mot don vi chi¢u rong, my,,

Tiéu chuan trén can ctt vao mot loat gia thiét sau:

> Puong chdy déo thuc c¢é thé dwoc thay thé bang mét dwong bdc thang gom nhiéu bdc
nho theo cac phuwong x va y nhu duoc biéu dien o hinh trén.

> Cdc mémen xodn theo cdc phwong x va y bang 0 (cdc mémen trén cdc mdt nay la cdc
moémen chinh,).

> Cuong dé chéng uén cua tiét dién khong bi tdc dong boi sw xodn van thép bang qua
dwong chay deo (nut) hay boi cdac diéu kién ung suat 2-phuong trong vung bé tong
chiu néen.

> Ung sudt trong thanh chiu kéo trong cd hai hwéng cdt ngang dwong chay déo (mit) la
ung sudt chay deo f,
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> Cdc canh tay don ndi luc cia cwong dé chong uérnq toi han theo cdac phwong x va y
khong bi tac dong khi uon xay ra theo mot phwong tong quat.

Thi nghiém trén ban da cho thay rang tiéu chuan déo Johansen mic dau don gian nhung
chinh xac.

Mot 1an nila xét ban dang bac thang trong hinh trén. Thép dat vudng goc theo cac phuong
x , y va duong chay déo nghiéng mot goc o so voi truc y. Cuong dé chong uon trén moi
don vi chi¢u rong theo phuwong x la my , theo phuong y 1a my,

Bay gio xét phan vong tron ¢ hinh trén, ma duoc minh hoa lai nhu sau:
m
vy

'-' b

ux o
Munt

™ un
a

Lay momen quanh canh ab ctia phan tu trén, ta co:

m (ab) =m, (ac)cos a +m, (ab)sin a

\ 2 a2
va: |m,, =m, cos"a+m, sin"a (6-1)

Twong ty, lay momen quanh truc vudng goc ab ma chinh la mémen xoan trén mot don vi
chi¢u rong, ta co:

m . (ab) =m, (ac)sina —m, (ab)cos o

va: |m,, =(m, —m,)sinocoso| (6-2)

Bay gio x¢t hai truong hop:

> ééumm:muyjmmzmux va Inumzo

o Momen chéng uén téi han trén don vi chiéu rong gidng nhau trong tat ca cac hudéng
o Momen xoan tai duong chay déo bang 0
o Mot ban nhu vay duoc goi 1a gia cuong dang hudng (isotropically reinforced).

» acéu m_ #m

ux uy
o Momen chéng udn t6i han trén don vi chiéu rong phu thudc vao huong chay déo
o Modmen xoan tai duong chay déo khac 0
o Mot ban nhu vay dugc goi la gia cwong truc huong (orthotropically reinforced).
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6.1.2 Phan tich dwomg chay déo dung nguyén ly cong ao

Budc dau tién trong phén tich duong chay deo la dé xuét kiéu duong chay déo tuan theo
cac qui luat da néu ¢ chuong 5, cuthé la :

Puong chay déo phdi la cdc dwong thang tao thanh cdc truc chuyén dong xoay cia cdc
phan manh cung (phang).

Cac canh goi do san phai lam viéc nhu cac truc xoay. Neu mot canh goi do san bi ngam,
mot duong chay deo dwoc hinh thanh doc theo canh goi do. Truc xoay sé di qua dau cot
do san.

Dé cac bien dang duoc tuong thich, mot dwong chay deo phai di ngang giao diem cua hai
truc xoay cua cdac phan manh ké nhau.

Kiéu duong chay déo dé nghi s thuong co mot sé kich thude chua biét ma dung d¢ dinh
vi tri cac duong chay déo, va ndi chung c6 mot tap hop cac kicu duong chay déo cho mot
ban san, nhu vi du minh hoa bén duéi.

ﬁ-.‘-‘-‘
-___-‘H-‘- -
7’
N\
Fa
Fa
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Tat ca cac ki¢u duong chay déo kha di can nén dugc nhan dién. Tai sao ?

> Kiéu chinh xé4c 12 mot trong s6 d6 ma cho gia tri tai trong to1 han nho nhat

> 4 éu kiéu chinh x4c khong tim thay, tai trong toi han tinh toan dwgc s& khong an toan

Tai trong t6i han c6 thé duoc xac dinh tir cac kiéu duong chay déo bang cach sir dung:
» Céac phuong trinh can bang
> 4 guyén ly cong ao (virtual work)

o 4 6i chung dé sir dung hon va dwgc chip nhan trong gido trinh nay

4 guyén 1y cong 4o 1a gi ? X¢t mot vat thé ran & trang thai can béng dudi tac dong cua hé
luc nhu hinh vé dudi day :

-

4 éu vat thé ran nay co mot chuyén vi nho bat ky, tong cong (nang lugng) giy ra boi cac
luc s€ bang 0. Vi rang tong cac luc bang 0.

4 guyén 1y cong 4o do d6 co thé phat biéu nhur sau:

Neu cho mét vat ran, dang o trang thai can bang dwoi tac dung cua mot hé luc, mot
chuyén vi ao, thi tong cong ao gay ra boi h¢ luc sé bang 0.
a guyén ly nay la co s¢ cho cac ban luén sau.

D¢ phan tich mot hé san bang phwong phap cong ao, mét kiéu duong chay déo duoc dé
xuat cho san irng voi tai trong to1 han.

> Céac phan manh cua kiéu duong chay déo ¢ thé xem nhu 13 cac vat ran do bién dang
san va d¢ vong thay doi chi xay ra tai cac duong chay déo.

» Céc phan manh cua san ¢ trang thai can bang dudi tac dung cua ngoai luc va cac
momen uon, xoan, va luc cat doc theo cac duong chay déo.

> Mot diém trong san duoc gan cho mot chuyén vi nho 0 theo hudng cua luc tac dung.

o chuyén vi tai tat ca cac diém trong san o(x.y) va chuyén dong xoay cua cac manh
san quanh cac duong chay déo co thé xac dinh dugc theo o va theo cac kich thudce
cua cac phan manh san.

» Cong sinh ra do (a) ngoai luc, va do (b) ndi Iuc tac dung doc theo cac duong chay déo.
Trude hét xét mot san chiu tai phan bd déu w, . Cong do ngoai luc bang:

[[w.B0y)dxdy=> WA | (6-3)
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voi Wy 1a luc tong cOng trén mot manh cua kiéu duong chay déo, A; 1a chuyén vi huong
Xxuong clia trong tim phan manh, va 2 1a tong cdng cho tat ca cic phan manh.

> Phan lyc tai cac gbi d& khong tham gia sinh cong. Tai sao?

» Cong do cac ndi lyc tac dong tai cac duong chay déo chi gay ra boi cac moémen uon.
Tai sao ?

o Cong do lyc cat va momen xoan bang 0 khi tinh tong cdng trén toan b tam san.

e Céac tac dong trén moi mit cua duong chay d¢o la bang nhau nhung d6i dau nhu
mo ta ¢ hinh dudi, ma khong co sy chuyen dong tuong d01 gitta hai mat cua
duong chay déo twong tng voi cac luc cat va cac momen Xoan.

vield line

Cong do momen khang uon to1 han trén mot don vi chicu dai m,, tai mét duong chay déo
c6 chicu dai Iy noi ma goc xoay tuwong doi gitta cac manh la 0, (xem hinh v¢ trén) bang
- my,0,lp. Tai sao cong c6 dau am ?

» Cac mOmen uon s¢ tac dung theo chi¢u nguoc voi1 hudng xoay trong ban néu chuyén
vi a0 1a theo hudng cua tai trong tac dung.

Cong téng cong do cac momen khang udn t6i han do @6 bang -Zmunloby , khi tinh tong
cOng trén tat ca cac duong chay déo. Phuong trinh cong do ¢6 thé duoc viét nhur sau:

D WA ->m,01,=0hay > WA =>m, 01 (64

/ /

cong ngoaqi cong noi
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Céc thong tin trén c6 thé dwgc ding dé tim tai trong phan bd déu t6i han (w,) cua ban
vuong tya don gian trén 4 canh co chicu dai canh la L. Gia thiét cot thép ban la déng
huéng v6i m, 1a mémen duong khang udn t6i han tinh trén don vi chiéu rong trong ca 2
huong (x vay). So d0 ban, theo Park va Gamble, dugc mé ta nhu sau:

I I
e g
AVOUINNNINNNNNSNE

Mot kicu duong chay déo mac nhién duge mo ta ¢ hinh trén. Cac chuyén vi cua 4 phan
manh co thé dé dang duogc tinh theo chuyén vi 6 cua diém E. Cong (work) thuc hi¢n boi
ngoai luc w, bang :

2
w,L x §) = WuL2 o
4 3 3
a hu dugc ve trong hinh trén la mot mat cat doc theo duong DB. Tu mat cat nay, co thé
thay rang chuyén dong xoay cua moi phan manh 1a nhu nhau cho tat ca 4 phan manh, cu
thé 1a :

D WA =4

0, =2 =227

Y

Tong cong do ndi luc bang ~m,,1,0, va vi my, = m, , tong cong do noi luc cua bai toan la :

S m, 1,0, =m, (V2 %)(4%) —8m 8

Tai trong t&1 han wy giuc_rc tinh béng cach dat cong noi (internal work) béng cong ngoai
(external work), cu thé nhu sau :

24m,
w, = g

Anh hudéng cua goéc ban san c¢6 thé lam ki¢u chay déo phirc tap hon tai cac vung goc
(corner region) cua san, va c6 the lam cho tai trong téi han giam mot it so voi gia tri trén.
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6.1.3 Cac thanh phan caa cong do ndi luc

C6t thép trong vi du trén 1a dang hudng (gidng nhau theo ca 2-hudng san). 4 6i chung,
truong hop nay khong tong quat va thuong 1 khac nhau: myy # my,

Vi hau hét cac san dang chir nhat co thép dat song song vo1 cac huong x va y, va do cic
momen khang udn toi han tinh trén don vi chiéu rong trong cac phuwong nay thuong da
biét, nén d& tinh toan cac thanh phan theo cac hudng x va y ctia cong ndi gy ra boi cac
momen to1 han 2my,l00,. Cho mot duong chay déo nghiéng goc o so voi truc vy, cac phan
manh san ¢ goc xoay twong dbi 0, quanh duong chay déo, cong ndi c6 thé tinh bang:

5 5

Tm 80 =F( o C0sT M+ m s i
= um om L A m

=%m B sy, +Tm 0 snox

Ly COSUYg + L o I

=% 1
=m ".I:JJ Vg +E ﬂ“:_ i:I" X

(6-5)

voi 0y, Oy 1a cac thanh phan cua 0, quanh truc x , y.
VA Xo, Yo 14 cac thanh phan hinh chiéu cia cac duong chay déo theo phuong x | y.

D¢ minh hoa, mot 1an nita xét vi du mau san vudng canh dai 1, cot thép dang huong, da
néu o trén. Mot goc cua vi du nay duge mo ta ¢ bén duoi (theo MacGregor).

Bién AF la phan nira canh AD va bién AG 1a phan ntra A 'y
canh AB, nhu vay 1/4 ban dugc md ta ¢ hinh bén. Mot - !
xap xi bac thang cho mot trong 4 duong chay déo ciing =~ E
dugc v&. Chuyén vi diém E tai tim ban 1a 5. TAm ADE —I—I_j

chi xoay quanh truc y (0, = 0) va cong ndi cho thm nay la:

= myL,0y + myL,0y

= my(L)(20/L) + 0 = 2my0d
Twong ty, thm ABE chi xoay quanh truc x (0y = 0) va do
vay cong ndi cho tam nay la :

=m0y + myL0O«

=0+ myL)(26/L) = 2myd

Do @6, cong noi téng”céng bang tong cac cong giy boi 4
phan manh ban, cu th¢ la:

> m,0,l, =2(2m,8+2m,5) =8m,3
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6.1.4 Cac vi du phan tich dwong chay déo

Vidul
Dé minh hoa ting dung cua phan tich duong chay déo, xét ban chir nhét tya don gian trén
4 canh coO kigh Fhuc'fc nhq mo ta du;'yi day. Cot thép ban la truc huong. Yéu cau tinh tai
trong phan bo déu I6n nhat (w,). Bi¢t cac momen khang uon don vi theo phuong x 1a my
=10 kip-ft/ft ; theo phuong y la m,, =15 kip-ft/tt.

Kiéu duong chay déo (tao momen duong) duoc dé xuat cho do vong giita nhip bang don
vi (8 = 1). Hai loai phan manh ©,@ ciing duoc nhan dang trong hinh dudi.

f

15

s Ry
TR Y

1=
-l
L

) SRE— 15 Ty ——hep—y =

Cong noi tinh b.;?lng' (véio=1)

=(m ]{l‘JL %2+ {m 1!.-5"[—} ”=T+|q:u:-

N

2 pancls

¥
Cong ngoai tinh bang:  (voi & = 1)

RS T | S B | X o1,
=11-u1[15 ]':ENE] <2 +[75 ]{—:;.11;] x4 +[_‘-':~—2.1]|_’l:~'_1(5p_‘]
=W, [3¥+5x+187.5-15x)

=11'u[lﬁ'-’?~'.-.‘>'r}
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Do do:

300

(— 100)
W= X
u” 187,5 5x

Lam sao tinh dugc w, ? Bang cach gan dw,/dx = 0 va giai tim nghi¢m, hay bang cach thir
lap va kiém tra sai s0. Phuong phép thir hai dugce ap dung ¢ day véi két qua tinh nhu sau:

X (feet) wy (kst)
6’ 0,952
7 0,937
8 0,932
9 0,936

Luc nay bai toan da giai quyét xong voi w, = 0.932 ksf ? Khong han 13 vay do cic co cau
khac co thé chi phoi su pha hoai . X¢ét co cau doi chirng khac nhu sau :

/\ !

— 123 115" —=

Cong ndi tinh bang:
—2<mux)<15)< 9+ 2may )OI %)= 24+ %)8

Cong ngoai tinh bang:
12 S 8

—w, (187 5 8 33y)8

D
, Y
Dodé:  |W,=———2—
0dé " 187,5-833y
Giai bang thir 1ap va kiém tra sai so,
y (feet) wy (kst)
5 1,193
6’ 1,082
7 1,016
7,5 0,992

Vay tai trong pha hoai la bao nhi¢u ? = w, = 0,932 ksi !!!
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4 goai ra, hoat tai dich vu (service live load) tac dung trén ban t6i da bang bao nhiéu ? gia
su ban day 10” va khong co6 tinh tai.
932 - 14x (150 .0)

WLL = 17 12 = 445 psf

Vidu?2
X¢ét ban vuong ngam 4 canh bén dudi, co chiéu dai canh L, vd mOmen khang udn t61 han:
My, = Myy = m, cho udn duong (mat dudi ban)
m'y =m'y, =m'y cho ubn 4m (mat trén ban)

Tinh tai trong tip trung 16n nhét P tac dung tai tim ban. Biét chuyén vi tai tim ban 14 .

M
L
WV
Cong ndi tinh bang :
Lllr.ll +'rI 1= Ef.'.n' +.'ir ]
# of panels

Cong ngoai 1a Pd va do do tai trong tap trung 16n nhat P cho boi cong thirc sau:
P=8(m, +m',)

Vidu3

Xét ban dang da giac n-canh ¢ hinh dudi, ngam theo chu vi, ¢6 chidu dai phi bi L, cac
momen khang uon don vi bang :

My = Myy = m, cho udn duong (mat dudi ban)

m'y =m'yy =m’y cho ubn am (mat trén ban)

Tinh tai trong tap trung 16n nhét P tac dung tai tim ban. Biét chuyén vi tai tim ban 14 5.
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Bay gio xét mot phan manh cta da giac n-canh:
Cho phan manh don ¢ hinh trén, cong noi b.;?lng :
) s
=(——)(m, +m', )(Ltan—
( L S)(my +m'y )(Ltan—)
va cong ngoai bang :
_P,

n
Do do tai trong to1 han P la:

P=2n(m, +m', )tanE
n

+Véin=4:

P=(2x4)(m, +m', )tan%

P =8(my +m'\)|: (fwong tw két qua 6 vi du 2)

+ V61 n = o (ban hinh tron) :
s s
[T 2007
P=2n(m, +m' )C+-0 0.
) “n 3 15

P~2n(m, +m'))

4 hu vay két qua ciia vi du 3 co ¥ nghia lién quan gi dén két qua ciavidu2? n 7= P, 4

> 4 ¢éu ing xr clia ban bi tai tip trung chiém wu thé, ban s& luén bi pha hiy kiéu tron
(circular pattern) nhu cac hinh bén dudi.

» Ca hai nghiém cua VD2 va VD3 béng nhau do nghi¢m la doc lap voi chiéu dai L.

> Truong hop cac tai trong 1éch tam (off-center) nhu thé nao ? A ghiém fuong fir nhu
hinh dudi bén phai:
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6.1.5 Kiéu hinh quat trén
Kiéu hinh quat tron bao gdm toan bo hay mot phan non pha hoai (failure cone) va c6 kha
nang xay ra ¢ bat ky noi dau co tai trong tap trung hay phan luc goi.

Xét ban dang hudéng v6i mémen khang udn 4am va dwong toi han lan luot 14 my va m'y .
Xem quat tron trinh bay dudi day (theo Park va Gamble) nhu la mot phan cua kic¢u duong
chay déo.

Xét cong ndi gay ra boi cac mémen t6i han ciia phan manh gach chéo, néu tam quat duoc
gan mot chuyén vi huong xuong 1a 6 va phan manh co6 truc xoay la duong chay déo
momen am (duwong gach ngang).

, , A a1 1 0
Goc xoay cua phan manh 1a 0, =—

r
va cong ndi gay ra béi momen to1 han la:
)

my,0,lp = (my +m'y )(;)(rdd))
ddi voi toan bo non, néu ¢ 1a goc ¢ tam non, ta co:

)
my0,lo = | (my +m', ) (rdd) = (my +m', )30
0 T

So sanh két qua nay voi két qua vi du 3 trude day cho ban da giac voi s6 canh n = oo (ban
hinh tron). Cong ndi tir phuwong trinh trén viét lai 1a:

(my +m'y )3(2m)|: tuong tu nhu cong thire ¢ vi du 3.
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6.2

Mot truong hop ma cac hinh quat can duge xem xét dén trong phan tich duong chay déo
duoc mo ta ¢ hinh dudi: san phang chiu tai phan bo déu vdi kiéu pha hoai bao quanh mot
cOt chir nhat. Vi du nay do Park va Gamble nghién cuu.

THIET KE SAN THEO PHUONG PHAP PUONG CHAY DEO

Céc budc chinh trong thiét ké thép san ing dung phwong phap duong chay déo gom :

Gi6i han ty 1¢ thép doc trong khoang [P = 0,4 — 0,5pp,1 | dé san ¢6 d6 déo (ductility) cao.

Dung so d6 bo tri thép twong tu nhu phan bd mémen dan hoi, nghia 1a:

_ + _ 085,00 a7 000 .
o |IM™=15-2,0M (], [Pc] =MPa) >| &= r?‘ oo ’F] {B-1)

o B tri thép tai cac goc canh (corner)

o Cat cot thép 1a dugc phép nhung phai chac rang khong tao thanh mét co ciu duong
chay déo moi, vi du:

Luai thép mat duoi Ludi thép mat duoi

Kiém tra diéu kién dich vu (check serviceability) : kiém tra nit va @6 vong

o Dung tiéu chuan vé chiéu day tdi thiéu

o Kiém tranéu c6 san cac 10i giai dan hoi.

Dung nguyén 1y cong tac dung (superposition) d6i v6i t6 hop tai trong (lwe phan bd w, va
cac luc P), nghia 1a, thiét ké doc lap cho moi truong hop tai trong, sau dé phoi hgp lai.

Chuong 6: PHA4 TICH & THIET KE HE SAa : PHA4 TiCH PUG4 G CHAY DEO
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TAI SAO CAN BO TRi THEP TAI CAC GOC (CORNER) ?

m=wl 224 mi=wlL2i22 m=wL%Z1.7T

~Gorner etfects i yield lina ihenry.

Bottom rebar Top rebar
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Bai tap 1: (SV nop)

M6t ban BTCT tua don trén 4 canh ngoai trir khu vuc c6 16 vuodng tai goc, kich thudc ban
nhu hinh | duéi ddy. Téi trong q [kd /m’] phan bo déu trén ban. Thép doc mét déy theo
phuong y c6 mémen chay déo la 2mp [ka m/m]; thép doc mat day theo phuong x cd
momen chay dé¢o la m,, [ki m/m]; gia st mat trén khong c6 cdt thép.

a)- Hiy thiét 1ap 2 kiéu duong chay déo hop Iy cho ban chiu tai trong q

b)- Gia st c6 kiéu dudng chay déo ctia ban nhu hinh 2. Cho biéta=2m; m, =06 ki m/m.
Xac dinh tai trong chay déo phan bd déu q
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Hinh 1; Kich thuéc ban BTCT
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Mit cat B-B
2a N a
Miit cit A-A
Hinh 2: Ki€u duding chdy déo cho cau hdi b
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