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

1.1 NQIDUNG MON HQC
1.1.1 Muc tiéu

Muc dich ciia mon hoc nay 1a phat trién mot kién thic chuyén sau vé cong trinh BTCT
chu yéu dua trén cac phuong phap phat trién méi va 4p dung gan ddy & cac nudc tién tién
Au My (tiéu chuidn My ACI 318, tiéu chuan chdu Au Eurocode 8). Muyc tiéu chinh s& 1a
cac hiéu biét vé ché d6 1am viéc, phan tich va thiét ké cac thanh phan, két cau, va hé
thong thudng ding trong cong trinh xay dung. 4 goai ra, phan tich dong dat va phuong
phap thiét ké chéng dong dat ciing dugc gi6i thiéu & murc d6 khai quat trong mon hoc nay.

1.1.2  Cac chii dé thuyét trinh

Co so gido trinh nay 1a cac bai giang cho hoc vién cao hoc - CIE 525 Reinforced Concrete
Structures - cuia Prof. Andrew Whittaker (Buffalo University, 4 Y, USA, 2001). 4 i dung
chuong 12 gi6i thiéu chuong trinh CAST tinh gian ao - Computer Aided Strut and Tie -
ctua Prof. Daniel A. Kuchma (University of Illinois at Urbana Champaign, IL, USA). a 61
dung chuong 13-15 tham khéo bai giang - CE 2434 Behavior and Design of RC Elements-
cua Prof. John Wallace (California University, CA, USA).

Céc chii dé trinh bay bao gom:

Céc phuong phap thiét ké

Vit lidu bé tong cbt thép

Phan tich momen-dd cong

Phén tich duong chay déo (vieldline analysis) ctia tAm san

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

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

Ché d6 1am viéc caa BTCT chiu tai giy udn, tai doc truc, va tai gay cat

Y VV VYV V V V VY

Phan tich va thiét ké cong trinh chéng dong dat

1.1.3 Tai liéu tham khao
Hoc vién cao hoc can tim tiéu chuan My ACI 318 Building Code, 2005 hay 2008
Mot s6 tai liéu tham khao hitu ich khac bao gom:
[1] MacGregor, J. G., 1997, Reinforced Concrete Mechanics and Design, 3" Ed.,
Prentice Hall.

[2] Schaeffer, 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 Chiu Dgng Pat, TCXDVa 375-2006,
a XB Xay Dyng, Ha a 6.

1.1.4 Thoi gian giang day (45 tiét)

Bai giang (56 riét) | Tiéu dé

Chuong 1 Gidi thiéu chung va cac phuong phap thiét ké

(3 tiét - tuan 1)

Chuong 2. Vat ligu bé tong cot thép

(I tiét - tuan 2)

Chuong 3 Bé tong cot thép bi ép ngang (confined)

(2 tiét - tuan 2)

Chuong 4. Phan tich mémen-do6 cong

(3 tiet - tuan 3)

Chuong 5 Phan tich va thiét ké hé thong tdm san

(3 tiet - tuan 4)

Chuong 6 Phén tich duong chay déo cua tdm san

(3 tiét - tuan 5)

Chuong 7 Phuong phép dai trong phan tich tdm san

(4 tiet- tuan 6-7)

Chuong 8 M0 hinh “gian 40”: khai niém va mo hinh

(4 tiét- tuan 7-8)

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

(4 tiet - tuan 8-9)

Chuqng 19 Ché do lam viéc cua két cAu BTCT chiu luc udn va luc doc truc
(3 tiet - tuan 10)

Chuong 11 Ché d 1am vige cua két cau BTCT chiu lyc gy cat

(I tiét - tuan 11)

Chuong 12 Tinh toan gian 4o bang chuong trinh CAST (Computer Aided
(3 tiét - tuan 12) Strut-and-Tie)

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

Chuong 14 Phan tich va thiét ké khung BTCT chéng dong dat

(4 tiet - tuan 14)

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

1.2.1 Cac van deé can nghién ctru va han che trong thiet ke
Qua trinh thiét ke két cau bao gdm cac van dé can nghién ctru sau:

1) Coéng nang va hinh déng cong trinh

> Truy tim thong qua cac phuong an thiét ké kién tric va thiét ké két cau
o nhu cau bao ham ca khong gian tong thé va ndi dung bén trong
o cung cip do an toan cao cho ngudi thy hudng
o Su lam vi¢c thudn tién trong khong gian kém theo cuia phuong an

> Su mong mudn cua chi dau tu
o cong trinh c6 thé phat trién mo rong hon nira, ...

> 4 hu cau uyén chuyén trong thiét ké qui hoach va dé sira sang cai tao khi cho thué muén
o ¢ thé gay ap luc trong viéc lya chon phuong an hé k‘é't cau chiju luc: khung chiu

md men (moment frame), véach cung, hay khung hé giang (braced frame)
2) Hiéu qua kinh té, va gia thanh xdy dung

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

> Dung bé tong nhe nham lam giam t6i da tai trong 1én mong trong cong trinh nha cao tang
3) Do bén viing
» Su lam viéc dai han, bdo quan cong trinh...
o Dung bé tong ndng cho cong trinh bao vé
o Dung bé tong thudng (khong ding bé tong nhe) cho cac két cau chiu luc bén ngoai

> Ap dung cac 16p phu c6 kha nang thich nghi voi vét nit do bé tong bi co ngét hay ding
cac 16p phu thém dé tang thém dd bén viing cua cong trinh

» Lam viéc trong moi trudng dn mon
o Son phu epoxy 1én céac thanh thép
o Dung cac hé thong chéng dn mon kiéu ca tdt (cathodic protection systems)

4) Tong thé két cau

» Bdo dam dd an toan cong cong

> Thoa man cac qui pham. tiéu chuan xdy dung qudc gia tdi thiéu, gdom ASCE-7, ACI 318,
International Building Code

> Thiét ké bao dam chiju tai binh thudng (expected loads) va ung xu déo (ductile response)
trong céc truong hop vuot tai (do tai trong luc, dong dat, no, ...)

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

> DO cing tong thé di 16n dé kiém soat do vong ngin han va dai han trong gidi han cho
phép va dé cuc tiéu dao dong cong trinh
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a hitng gi6i han dién hinh gi gay ap luc 1én k su thiét ké két cau ?

1) 4 gan quy xdy dung han ché tir chu dau tu

> Chi phi xay dung hé khung két cau thuong thip hon 25 % tong chi phi cta du 4n

2) Phi dich vu k¥ thuat két cau
> €6 thé thap bang 1 % tong chi phi ciia dy an

> [t duge khuyén khich dé cach tan néu lgi nhuén cua nguoi thiét ké bi map mo

3) Chu dau tu vi/hoic kién tric su thiéu kién thirc

» s€ gay tro ngai trong cdc thao luén vé cac van dé ma qui pham da qui dinh vé tng XU clia

két cau va phuong phap thiét ké dé cai thién ché do 1am viéc cua két cau

4) Ky su thiét ké két ciu thiéu kién thirc

> 4 hiéu k¥ su thuc hanh dugc dao tao trude khi ra doi cac phuong phap thiét ké dua trén

1.2.2

chuyén vi (displacement-based design) va thiét ké dua trén hiéu suat (performance-based
design) va phén 16n tin cdy vao cac phuong phap tuyén tinh cua phan tich két cau dugc
trinh bay trong céc ti€u chuan thuc hanh (vi du, 2000 IBC va UBC)

I't’ k¥ su két cau 1 chuyén gia ding cac phuong phap mdi dé phan tich va danh gia két
cau, vi du trinh bay trong FEMA 273 (Huong dan-Guidelines) va FEMA 274 (Binh luan-
Commentary) va FEMA 356 (Tiéu chuan so bg-Pre-Standard)

Qui trinh thiét ké (5 buéc)

Thiét ké két cdu (bao gdm phan tich, thiét ké, thiét ké chi tiét, va danh gia két cau) 1a mot
qué trinh nhleu budc tuong tac 14n nhau, ma thiét ké phai tuén theo tat ca cac qui tac bat
budc (bao gdbm tu vén veé kién trac, tu van vé quan ly xay dung, tu van vé co-dién-nudc

M/E/P). Cac budc chit yéu cta qui trinh thiét ké thong thudng cho cong trinh nha nhu sau:

1) Xac dinh céac giéi han cta dy 4n, bao gom von, hinh dang nha va kiéu kién triic, cac
giéi han chic nang (gém budc cot, vat liéu xay dung, gioi han vé dich vu [do vong],
gidi han dao dong, do an toan, nhu cau van chuyen dung, cac nhu cau M/E/P)

2) Xac dinh cac muc tiéu vé su 1am viéc cua két cAu, ma quan trong nhat thuong 1a thoa
cac yéu cau qui dinh trong cac qui pham xay dung twong tng. Cac muc tiéu lam viéc
phtc tap co thé duoc dinh 13 trude.

3) Tinh toan tai trong dimg va ngang so bd. D& xuét cac kich thudc va cbt thép tinh thir
(trial sizes) cho cac thanh phan két cdu chiu tai trong ding va ngang so bo. Lap thiét
ké so bo (Schematic Design) va khai toan cong trinh (cost estimate).

4) Phan tich, danh gia, va thiét ké lai mot cach chi tiét hon cac kich thudc va cbt thép da
ding thir trude trong Bude 3. Chinh x4c hoa cac tai trong dung va ngang. Tiép tuc
phan tich két cdu chiu tai trong dimg va ngang, danh gia kha ning chiu luc cic thanh
phan két cdu 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 cing bao gom phan tich két cau chi tiét (theo kiéu k¥ ludng 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 ciia Construction Administration (CA, USA) bao dam rang nha
thau tuan theo cac ban vé két cau va cung cap mot chung cur ki€ém soat chat lugng cong
trinh ctia nha thau xay dung.

Ba giai doan trong thiét ké két cau cong trinh nha duoc goi tén la:

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

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

> Tai Liéu Thi Cong (CD): gdm budc 5; chiém phan con lai ndi dung thiét ké tong
Trong mot thiét ké thong thudng, phan tich két cau 1a mot M6 Hinh Pan Hoi Tuyén Tinh
(Linearly Elastic Model) cia khung nha. Viéc kiém tra thanh phan két cau la theo Phuong
Phap Ung Suat Cho Phép (4llowable Stress Method), va Phuong Phap Do Bén (Strength

Method) ma ciing dugc biét v6i tén goi khac 13 Phuong Phap LRFD (Load and Resistance
Factor Design). Hai phuong phap nay va cac phuong phap khac dugc mo ta duoi day.

1.2.3 Cac thii tuc danh gia thanh phan két ciu

1.2.3.1 Gidi thiéu ‘ i
Duoi day la mot gidi thiu khai quat vé cac thu tuc (procedure) duge dung dé tinh toan
cac tiét dién BTCT cho tai trong dimg va ngang. Can céac 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&é ASD, ma cling dugc biét 1a
Working Stress Design, da dugc dung _
trong phan tich k§ thuat két ciu cach Allowable Stress Design

day hon 1?0 nam. Cac phgrong phéap " na laad facsars
tinh to4n vé tai trong max déu ap dung J-U-l-l-l-U-UJ-[U-LLUE T ?;., —

LTDHTT (linearly elastic model) hay
céu thép hay Ung suat trong bé tong F=ni- —— e —

L

SBVL dé tinh tng suat cia cac két |V [

va COt thep cua ket Cau BTCT Ung e ;lf-:.“.l-_-?:“ Linzar Anglveis of Cross Secdzn
suét trong ciu kién yéu cau phai nho _ ) - ] '

hon tng suit cho phép: f <f, ma Liney S, S0 fan- US cho phep
duoc thiét lap san cho tung loai vat o e

lidu tiry thudc vao kiéu tac dung luc Verifcadou: | # =T£"f;"':

khac nhau (doc truc, udn, ,cét,, xoén).
Vi dy, i = 0.6fy cho cac ket cau thép., )
Xem hinh v€ so hoa phuong phap Thiét Ké ASD & bén phai (cung cap boi J. P. Moehle)

Phuong phap ASD c6 mét s6 khiém khuyét dang ké. Trude hét, do tin cdy cua thiét ké
(hay hé s6 an toan) la khong biét. Thir hai, khong xét dén su hay thay d6i, khong cb dinh
clia tai trong, ma cu thé 1a, lam thé nao tinh chinh x4c tinh tai va hoat tai. Thir ba, img sut
trong cac thanh phan két cau cung cap thong tin rét it vé kha nang chiu tai cua cu kién
hay toan bo két ciu. Trong thiét ké BTCT hién nay, US cho phép hiém khi dugc dung:
ngoai trir tinh d9 vong dudi tac dung ciia tai tiéu chuan (service loads). Chung ta s& khong
dung phuong phap ASD dé tinh toan tiét dién BTCT trong gido 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 dung trong

thiét ké két cau BTCT va ciing Strength Design

dugc dung trong thiét ké két cau w - facrored oads

thép (mdc dau ASD ton tai trong R lIJJllIJ'JHfHHHE = e TN\

nhiéu phan thiét ké thép & My). O ! ( j)

Vi, tuong duong voi tinh tdan y

BTCT theo TTGH 1. Tai tiéu r=ad T : vig

chuén dlIQ'C nhan voi hé sO tai M TH Hezlmaar Avzvus ef Crews Sectien

trong dé chuyén thanh tai tinh toan e o

(u'm'iate loa}c]D & day cac hé sb tai Luszar Smenna, Aol M. - momen degh ngh
] ¥ n - MOmMen danh ngnia

trong xac dinh dua trén phuong 77 <aF, | ¢-HS giam stc bén

phap thong ké ctia cic diéu kién do tedation | ¢1'l p

luong va nhu vay phan anh céac
thay doi tang/giam hop 1y cia tai
trong tac dung (vi du, cac gia tri max) tur gia tri tai trong trung binh tinh toan. Sau do, ap
dung LTDHTT cho tai tinh toan dé tinh ndi luc cac thanh phan két ciu, vi du tinh V,,, M, .
Stre chiu tai cua cac thanh phﬁn (vi du, chiu nén, udn, cit), vi du V,, M, , dugc tinh toan
v6i gia thuyét rang tiét dién két ciu
lam viéc khong dan hdi (inelastic

9.2 — Required strength

behavior).

. . , 9.2.1 — Required strength U shall be at least equal to
Xem hinh v€ so hoa phuong phap SD the effects of factored loads in Eq. (9-1) through (9-7).
& bén trén (cung cap boi J.P. Mochle). The effect of one or more loads not acting simulta-
Cht y vie sir dung khéi l'l’ng suét necusly shall he investigated.
khong dan héi, (non-linear stress UD +F) {9-1)
block), Er'orrlg h~1nh ve macwdau l}mlxl U@D+F+ T)L+H) ©2)
dang khoi US s& dugc don gian hoa dé
thuin tién tinh stc chiu tai cua tiét @ L.orSorR)
dién BTCT.

U=1.2D+1.6(L,or Sor R) +(1.0L or 0.8W) {9-3}
Phuong phap SD la hop 1y hon phuong
phap ASD. D¢ tin cay cua tai trong
dugc xét dén trong phuwong phap SD U=1.2D+1.0E + 1.0L +0.25 (9-5)
bé“mg viéc sur dung cac hé sO tai trong
va cac to hop tai, xem trich dan tir tiéu
chuan ACI 318-02 & hinh bén phai. U=09D+1.0E+1.6H 9-7)
Céc hé qua pha hoai ciing dugc xét dén

tryc tiép hon thong qua sir dung céc hé

sO giam strc bén (capacity reduction factor, ¢ < 1), qui cho cac kiéu pha hoai khong mong
mubn (vi du, ¢ =0,9 cho udn, ¢ = 0,75 cho cat). Tuy nhién cha y rang khi phan tich hé
két cu gia thiét ung xur dan hoi tuyén tinh nhung kha nang chiu luc cAu kién lai tinh theo
cuong do (cross section analysis), ma ham ¥ mét lugng (mg xir khong dan hoi trong tiét
dién cau kién. <Sy phan phdi lai mémen trong dam 13 mét vi du.>

U=120+16W+1.0L+05(L,or SorR) (94}

U=09D+18W+ 1.6H {9-8)
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1.2.3.4 Thiét Ké Kha Nang (Capacity Design)

)]
2)

3)

4)

Thiét Ké Kha 4 ang dugc dung dé ngan can cac co ciu pha huy khong mong mudn, vi du
dam bi pha hay do cat (kiéu pha huy don) xdy ra trude khi pha huy do u6n (kiéu pha huy
deo), hay cot khung bi pha huy do udn xay ra trudc khi dam khung pha huy do u6n. Thiét
Ké Kha 4 ang duoc phat trién boi nhidu chuyén gia ky thudt & ew Zealand tur 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 khao Design of Multistory Reinforced Concrete
Buildings for Earthquake Motions, xuat ban nam 1961).

Capacity Design
1. Flexural vield mede 5. Determine resulting forces
Desien for ﬂer-mrf." v
L

/

.Il\.'lr [==— ":'.11'1:7 .!I'll'u':r
T & Dezign re avoid failures other
than selecred mechanism

1

Bt

3. Derail for ductile respanze —

o

v sesess 14 < Suce bén max
[ === 4 < Stcbinmer

i

CLP e

4. Estimate overstrengthy. —

Hinh v& so hoa ¢ bén trén (cung cap boi J.P. Moehle) mé ta thong tin tom lugce vé phuong
phap nay. Vi du la thiét ké cong xo6n BTCT khong bi pha huy do cat. Cac bude thiét ké
theo phuong phap CD nhu sau:

Chon co cu pha hity mong mu6n, ma thuong 1a pha hiy do udn trong cong trinh BTCT.
<Tai sao?>

Can doi kich thudc dam theo co ciu pha huy d& nghi theo phuwong phép SD hay LRFD va
bo tri thép dam cho ing xu déo.

Xéc dinh strc bén max cua tiét dién dam boi phan tich xét dén kich thudc thuc va chi tiét
cot thép da chon, ma c6 thé 16n hon do bén can thiét dé chiu dugc tai trong tinh todn-
factored loads. (Diéu ndy sé dwoc cu thé hod ¢ Chuong 3). O hinh trén, sic bén max la
M,, can ban 16n hon surc bén thiét ké theo phuwong phap SD 1a M, = ¢M,,

Xac dinh tai trong ap dung V), - applied load gay ra suc bén max M, va thiét ké cac phan

con lai cua két cau (i.e., thlet ké chdng cat cong x6n BTCT) dé stic bén chdng cit danh
nghia V,, vugt qua cac ndi luc twong thich véi tai trong ap dung tinh lai nay.
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Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

1.2.3.5 Thiét ké déo (Plastic Design)

Thiét K& Déo don thuan 13 Thiét Ké Stc Bén str dung phan tich chay déo chir khong dung
phan tich BPHTT.

Trong Chuong 6 cua gido trinh
ndy, Thiét K& Déo s& dugc xem xét Plastic Desion
chi tiét vo1 phuong phdp duong -
chay déo (yield-line analysis) cua

Zactorad loads
h¢ san BTCT. 4 guyén tic clia phan QJ-LUJ-'-J—UJ-L[LLLLLLE — +€j_\)

tich chay déo 1a mot co cau pha oo ;
huy s& duoc dé xuit va cac khép |V P 1) /
déo duoc thiét ké chi tiét cho déap e ’
tmg khong dan hoi. Xem hinh vé&  |*1 7 :
so hoa bén phai (cung cép boi J.P.
Moehle), suc bén két ciu oM,
dugc tinh bang phuong phip SD,
sau d6 dung phuong phap CD dé
ngin ngira cac kiéu pha hoai khong
mong mudn.

N el adon

1.2.3.6 Cdc phat ,lrién gan day trong kiém
dinh ket cau xdy dung

Thap nién 1990 xuét hién sy doi
moi dang ké trong ky thuat thuc T
hanh chong dong dat. Cac phuong Forcea | spalling — c6 mdnh
phap thiét ké luc -Force based || ¥ un
procedure- ma hau nhu chiém vi :

tri doc t6n gan 70 nam nay bat dau
nhudng chd cho cac phuong phap

vielding - chady déo

thiét ké chuyén vi -Displacement CGHH%EE 'I

based procedure- cua cong trinh - Sup ao

dén khi chay deo xup do >
(collapseyielding) dugc phat trién Di sp f aceient

dua trén nguyén ly dé xuat bdi
Sozen, Moehle, va cac tac gia khac
trong hai thap nién 1970-1980. Cac ti€u chuén thiét ké chéng dong dat da thira nhan tr 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 vé& so hoa bén trén ctia J. P. Moehle), cac k¥ su chuyén nganh két ciu ngay
nay c6 khuynh huéng phan tich, thiét ké, va danh gia sy lam viéc cia BTCT duya trén cac
tinh toan chuyén vi. Thuc ra thiét ké dya trén chuyén vi (Displacement-based design -
DBD) khong thé sir dung nhu 1a mot cong cu thiét ké doc 1ap. Ding hon 1a phai cung cap
trudc mot do bén tdi thiéu Gmg véi cac diéu kién tai trong binh thudng (service load). Tuy
nhién, DBD d4 dugc chép nhan rong réi tir 5 ndm trudc day va phuong phap nay bay gio
1a co s cua cac tai liéu hudng dan k¥ thuat FEMA 273 va 274 nham cai tao cac két ciu
cong trinh chng dong dét - seismic rehabilitation.
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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 chudn My c¢6 kich thudc qui wéc theo don vi inch va mm nhu sau:

ASTM STANDARD REINFORCING BARS

Nominal Nomunal area, | Nommal weight.
Bar size. no. diameter. in. n- b1t
3 0375 011 0376
4 0.500 0.20 0668
] 0.625 031 1.043
6 0750 044 1.302
7 0.875 0.60 2.044
8 1.060 079 2670
9 1.128 1.00 3400
10 1.270 1.27 4303
11 1.410 1.26 5313
14 1.693 223 7650
15 2.257 4.00 13600

ASTM STANDARD REINFORCING BARS

Mominal Momina wea. | Mominal mass,
B size, no* disunster. mum e kz/m
In a5 71 0360
13 27 |2 005
It L5% 19w | 552
1 191 254 2235
22 222 87 ERIE N
25 254 Sl 2073
20 28T b5 5060
32 324 Elw 404
el I5E 1006 7007
43 430 1452 1128
57 i 2551 2024

EBar designation numbers approxinate the number or millimeters of the
reominal diameter of the bar.

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

>

>

2.1.2

YV VYV

2.1.3

YV V V V

Thép tron co tiét dién tron co gai gitp ting cuong lién két neo thép trong bé tong. Gom ¢
4 loai mac thép (grade):

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

Loai thép mac Grade 60 (xdp xi thép CIII ciia VN) 1a loai thép phd bién nhat. Mac thép
tuong tng vé1 gioi han chdy danh nghia (nominal yield strength - f).

Kich thuéc va mac thép dugc dong diu trén thanh thép dé tién nhan dang, nhu xem hinh
v€ dudi day (sach tham khao cua MacGregor [1]):

Mgl rleg

Firat mark ia Initlal
of producing mill

Second mark & bar 2lrs

Third mark I3 typa of steal-

o

'-" | S ang
g B Rail, a8
| [ A aale, AT

{

(

W Low alloy, A706

Grmdn miarkip
for Grede G0

{m) Groce 40 or 5D by GErace 80

Thép dugc san xuat twong tmg véi cac tiéu chuan ki thuat ASTM (M¥). Thép san xuat
theo ASTM A616 va A617 dung cho cong trinh dudng ray va tryc tau hod, thudc loai thép
chuyén dung. Hai loai st dung rong rii nhat tuan theo ASTM A615 va ASTM A706 sé&
dugc mo ta chi tiét dudi day.

Tiéu chuin ASTM A615: (Standard Specification for Deformed and Plain Billet Steel
Bars for Concrete Reinforcement)

Str dung pho bién nhat ¢ dang thanh thép c6 mac Grade 40-60

Co thé ung dung trong cdc cong trinh chiu tai dac biét dong dat

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

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

Chi c6 mot loai méc thép Grade 60

Loai ndy (mg dung trong cac cong trinh han, uén thép va yéu cau tinh déo dai cia thép
Chiéu dai khi kéo dit 16n hon thép theo ASTM A615

Gi6i han chay f, < 78 ksi = 5450 kG/cm” va giéi han bén f, > 1,25 f,
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TABLE 3-2 Summary of Mechanical Properties of Reinforc-
ing Bars from ASTM A 615 and ASTM A 708
A B15
Grade 40 Grade 60 Grade 75
Minimum tensile srength, pai 0,00} 90,000 106,000
Mizimom yield strength, psi 40,0040 60,000 78,000
Maximum yield strength, psi — — —
Minimum elongation in 8 in,
gauge tength, %
Mo 3 11 9 — 14
No. 4 and 5 12 9 — 14
No. 6 12 9 7 i4
No. 7Tand & — B 7 12
No. 9, 10, and 11 — 7 f 10
Mo. 14 and 13 — 7 ] 0
oy S
ok o |
[y e fi= kfoz
o fom -

Yo
""."':

ik

a) Hotrolled steel

- - Euk

it

1
|
1
1
1
1
1
1
|
1
|
1
|
1
1
1
1
1
1
1
1
1
1
-
al

b} Cold worked steel
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2.1.4 Quan hé tng suit-bién dang

Puong biéu dién quan hé tng sudt-bién dang cho céc loai méac thép khac nhau duoc
MacGregor trinh bay theo hinh v& dudi day, trong do:

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

» Mac thép Grade 40 co thém chay déo dai hoq mac Grade 60;‘ ddi vai thép cuong do cao,
vi du mac thép Grade 75, thém chay déo l1a ngan hodc khong ton tai

> Mb dun dan hdi liy bang E = 29E3 ksi = 2 x 10° kG/cm® cho moi loai thép

120 =
- r:gl?;d wire Grade 75
n Grade BO
80 /,."“'" F_}
- /1
g F
a L Grade 40
E .
5 !
a4 -
0 o d i L 1 i 1
4] 001 D.O2 0.03 0.04 C.05
Stralr {In./In.)

Hién tugng moi tan s6 cao (high-cycle fatigue) 1a mot bai toan thiét ké cua vat liéu thép trong
mot sO cong trinh nhu ban mat cau giao thong:

» Hai bién d¢ ung SUAL, fiax < fy va f,i, < f, , ap dat trong thi nghiém moi ctia thép phai c6 it
nhat mdgt gia tri 1a tng suat kéo: f,x >0

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

Chuong 2: VAT LIEU BE TO4 G COT THEP



Cao hoc: Xay Dung Dan Dung va Cong é. ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

2.2 BETONG THEO TIEU CHUAN MY

Bé tong 1a hon hop cia ximang, nude, cot lidu da, cat va cac phu gia. Co 3 loai bé tong:

> Bé tong thudng (Normalweight concrete - 4 WC)

(@)

O

(@)

(@)

Trong luong riéng xap xi 150 Ib/ft’ = 2400 kg/m’
C6t lidu 16n c6 cudng d6 cao (vi du d4 thach anh)

B¢ tong bi pha hoai do nit mach vira xi mang ma hau nhu khong xay ra hién
tuong phé huy qua cot liéu 16n

Pay 1a loai bé tong sir dung phd bién

» Bé tong nhe (Lightweight concrete - LWC)

(@)

O

O

@)

(@]

Trong luong riéng xap xi 90-120 Ib/ft’ = 1400-1900 kg/m’

Cot liéu 16n c6 trong lugng nhe nhu da bot (pumice) hay da nhan tao san Xudt tir
da phién sét (shale) hay da phién (slate) bang cach gia cong nhiét

Thuong dung trong hé thong san dé giam tai trong truyén xudng ddy mong,...
Pic tinh co hoc khéac véi & WC; tham khao chi tiét & ACI 318 hay MacGregor [1]
Mo dun dan héi thdp hon 4 WC

» Bé tong nang (Heavyweight concrete - HWC)

O

(@)

Trong lugng riéng xap xi 200-300 Ib/ft® = 3200-4800 kg/m’

Thudng dung cho cong trinh chan phong xa hodc chira chit phong xa

o C6t liéu lon thong dung duogc thay thé hodc tron bd sung cac vién sét, thép

CONG THUC QUI POI CUONG PO BE TONG

(méc bé tong Viét nam R = R, 5 lay theo mau nén tiéu chuan 150 x 150 x 150 mm)

Chimg loai | Kichthuéc miu | Hé s tinh doi o
x © Ghi chu
mau nen (mm) a= RlSO / Rm?iu
100 x 100 x 100 0.91
Lap phuong |- 150X 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
Hinhtry | D =150, H =300 1.20 ACI 318-05 = . =Ryso/1.2
D =200, H = 400 1.24

00€=H
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Pudng cong tng suit-bién dang dién hinh cho miu bé tong hinh try chiu nén dugc trinh bay
duoi day. Chu y xu hudng gia tdng do cing, gia tang cuong do nén, va xu hudng suy giam
kha ndng bién dang cia bé tong.

1200 T T T
10000 |- -
L
- . .
= moot b= -
=1
o
a
x
=
T RO |-
%
z -
[
E
'3 4000 F—
2000 —
o 1 | L
0o 0002 .08 ala e}
oncras BEredn (n e
Sirass
Yolumelne sualn = o, « 3, CGOmprassive
f.-.mngm
3 — " ‘..
— e T T ('
Unetabda crach DropagdHaen -:::: - e
Citlen. struss “\ o
flachinal S I )
StuTfe grack propagilsn — | Y ||[
Ddacentinulty mit | || J|I 1
e el W, R ] £y
1 E1 I 1I--—-'-|
Siable crack initiation —_ h .llr
¥
IL h
Tensan 4] Compradsion

Bé tong thudng dugc mé ta bang cudng d6 nén danh nghia (nominal compressive strength, f7.)

> Cuong do nén mot phuong thiét 1ap tir thi nghiém nén mau hinh tru tiéu chuén sau 28
ngay dudng ho: thuong dung dé ki€m tra cuong do bé tong trong ki€m soat chat luong
sdn pham hay gidm dinh

> Cuodng do bé tong bi anh huong bai ty 1& 4 /X, loai xi ming, thanh phan cdt liéu, phu gia,
diéu kién dudng ho, toe d6 gia tai (v 7= £ 7), tudi thi nghiém

> 4 ha cung cdp hay nha san xuét ¢ ging phat trién cac thiét ké cap phdi bé tong dé cuong
do nén trung binh muc ti€u (target mean compressive strength) cao hon, va doi khi cao
hon dang ké so voi gia tri Iy thuyét dé tranh cac gia tri cudng d6 thap va kha ning bé tong
bi loai bo (sau khi d6 bé tong tai cong trinh).
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> Co ché pha huty ciia bé tong 4 WC tu do (unconfined) néi chung gay ra do hién twong nut
tai mat tiép giap gitra vira xi mang va cot liéu 16n, va sau cung do hién tugng nut trong
mach vira gitra cac cot liéu

o dudi tac dong cua tai theo chu ky, qua trinh pha hity phat trién lam cho cuong do bé
tong ngay cang suy giam tuong ung vadi su gia tang so chu ky lap tai

o dudi tic dong cua tai duy tri (sustained loading), hién tugng tir bién giy ra sy phan
phoi lai Gng suat ndi va su pha hoai xdy ra tur tir; dudi tdc dong cua tai nén duy tri,
cuong do bé tong chi xap xi 0,75 — 0,85 . ; xem hinh v€& bén dudi cua MacGregor:

Shon-time e T
1ok COMPrassve - -
e sirength \\a,_, -
L
10%F = ]
# cBet . J
Ef - Sustained load
. s 0B b= compressive strangih 4
04k age at loading Age al loading |
= 1 = ‘l ﬂ
oz b 0 days y&ar ]
10 28 100 365 1000

! = Aga ol concreta, days

M6 dun dan hdi cua bé tong phu thudc vao loai cdt lidu 16n duoc dung. Vi dy, m6 dun dan hoi
ctia bé tong thuong (4 WC) bang 1,5 — 5 1an mé dun dan hdi cua vira. Vo1 bé tong thuong co
trong lwong riéng 145 Ib/ft’ = 2300 kg/m’, cong thirc ACI cho biét:

E. = 57000 (f.)"*  (don vi psi) (2-1a)
E. = 4700 (f)"? (don vi MPa) (2-1b)
O‘-cn
me

04 s}
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Bay gio hdy xem xét cac mat khac trong tng xur co hoc cua bé tong: dap ung khi gia tai 2
phuong, dap g khi gia tai 3 phuong, bao gobm nén thuy tinh.

Xét tmg xir clia mau bé tong lap phuong trong thi nghiém gia tai 2 phuong dugc trinh bay duéi
day. Cac miii tén chi thi ki€u gia tai nén. Cuong do nén trong hinh v€ dugc qui chuan
(normalized) theo cuong do nén mot phuong, f,

Fap=r i, | gp | m—

s 08 /

N Py

=

> Véi truong hop kéo 2 phwong, cudng do gan bang cudong do kéo mot phuong.

5
7,

> Vi truong hop nén 2 phwong, cac Gng suit f; va f> c6 thé vuot qua 120 % cudng do
nén mdt phuong

> Vi trudng hop nén-kéo 2 phurong, bé tong bi pha hily tai cac ing suat thap hon gid tri
cuong do khi chi nén hay kéo mot phuong.

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

dd nén mot phuong ¢ = 3,66 ksi, nhu trong hinh v€ dudi day. Hinh nay trinh bay céac

duong cong ng suat-bién dang ciia mau bé tong hinh tru chiu cac ap luc nén ngang o3

khong d61 (confining) trong lac d6 img suat doc truc o; tang dan dén khi bi pha hoai.

20 .
[
R N R S A "] I~ ; )
— f‘__.;—" 0 ] 112
16 7~_._._-_ 8.2 N.Jrr:m-‘),‘ |
- - 'A i Co— oo
i 12 ! / | _ A psi D139 NATMET
E - - oy T — = __] E_ i—— |am
= . | o
2 L ! Lt Caonfining fluid prlessuré' —1 160!
= B L e — d'ILI'Ef_.'I e 4 i L }
ﬁ- T EE MY mmT ) ‘ |
= e ——
& = et 650 pai |l { i 140
4 i3 79 Wimm?) | |
T T - ¥ b
Uneonfined congrate strength 7 = 3660 o6 | — 2
- T 4 (25.2 Mimm® )
o i [
Q 2,01 0o 03 [alp L] 0.05 0.0 Doy
atrme, indindmemernne b
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Céc s6 liéu thi nghiém vao nam 1928 cua Pai hoc Illinois tai Urbana, dugc st dung dé thiét lap
quan h¢ sau day gitra img suat pha hoai doc truc (o), cuong do nén mdt phuong (f°;), va ung
suat nén ngang (c3):

o =F.+4,1 03 (2-2)

Kha nang bién dang 1a van dé rat quan trong trong ky thuat chéng dong dat va chéng nang
luong no. Trong cong trinh nha BTCT dugc thiét ké chong dd cac tac dong nay, cac thanh phan
két ciu nhu cot, dam, va nat dim- cot dugc thiét ké chi tiét véi cac cbt dai thép giang kin (ties,
spirals). Khi mét thanh phan két cAu bé tong chiu tai trong nén 16n, toan b hay mot phan bé
rong cua két cAu bé tong bi gia tang do anh huong Poisson va lam xuat hién cac vét nut 1i ti
(microcracking), trong cac cot dai thép gidng hinh thanh cic ung suit keo, va do do tao nén
mot ing suit nén bu trong ving bé tong bi ép ngang. Trang thai Gmg sudt nén ba phuong hinh
thanh trong viing bé tong bi ép ngang giy ra do cdt dai thép giang lam tang cuong do va tinh
déo ciia két cau BTCT. Cac mé hinh cho bé tong bi ép ngang nhu trén s& dugc trinh bay chi tiét
trong Chuong 3 tiép theo cua gido trinh nay.

Hau qua khi chiu bién dang 16n khong dan hoi ciia 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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a)- Puong cong (o—¢) cua bé tong thong thuong:

b)- Pudng cong (6—¢) cua cot thép thong thuong:

PHU LUC 1 (dung trong SAP, ETABS, SAFE)

k

Compressive Stress, G

Fare e

021" -

Congrets rupture J

¥

Compressive Strain, €

Far straine greater than £ each segment of the stess-
strain diagram 1s linear. For strains less than gq the
variation of the stress-strain diagram is parabolic.

The value of £q is given by Equarion 12-1.
Equ. 12-1

at,=2f—°
E.

For strains less than g; the concrete stress 15 given by
Equation 12-2,

*

N

Steel fracture S’

Note:

For steel shapes f, is taken
from the material properties.
For reinforcing steel f, is
calculated as f, = 1.251 .

Strain, £

e 0.02 0.05 0.08 0.10

1
10e,

feY (Y], ) %

o= — |- —| |{ Egn. 12-2
LBps L Ep )

Intermnlly in the program the ewve where © = g a5 pde-
nlizad ps a series of strpight line sepments by uvsing
Eguation 12-2 w2 calenlare & for the following discrsrs
valwas of £: 0, 0.28p, 0.4, 068y, 0 By, 098 and &,

Conershe tupiurs oecuss at a steao equal 1o 10s;,

When theve s tensale strane the siress s 2600

s The diagram applies to both steel shapes and steel rein-
foreing.

s The diagram applies for both rension and compression.

o The stress fy 15 determuned from the associated material
property for steel shapes. For reinforcing steel fy is cal-
enlated as f,= 1.25 f..

s The yield smain. £,. is calenlated given by Equation 12-

a,

£, =

£,
E,

s Steel fracture oceurs at a strain equal to 0.10.
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Chuong 3: BE TONG BI EP NGANG (confined)

3.1 THIi NGHIEM NEN 3 TRUC BE TONG

Cuong d6 va d6 bén cua bé tong trong thi nghiém nén 3 truc da dugc trinh bay & phan cudi
cua Chuong 2. Hinh v€ dudi day dua trén s6 liu TI thuc hién nam 1928 tai Dai hoc
Ilinois (University of Illinois at Urbana-Champaign, UIUC). Hinh nay biéu dién cic dudng
quan hé o—¢ ctia mau BT hinh try chiu 4p luc ngang khong ddi (bi ép ngang) trong luc tng
sudt doc truc van ting dén khi mu bi ph4 huy.
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Céc nha nghién ctru UIUC sir dung sb liéu TI nay dé thiét 1ap mdi quan hé giita Gmg suat
doc truc khi pha huy (o), va cuong do nén cua bé tong (f7;), va ap suat nén ngang (o3):

o1 = f, +4losz| (31

O chuong nay, chung ta mé rong khao sat trén dé nghién ciru ché do lam viéc cua bé tong
bi ép ngang va cac quan hé o—e ma duogc 1ap danh riéng cho bé tong bi ép ngang.

3.2 BE TONG BI EP NGANG

I hu di ban ludn trong 16p trude day, bién dang nén cuc han (ultimate compression strain)
cua bé tong tw do né ngang (unconfined) la khong du dé cho phép mot thanh phan KC dat
dén d6 déo (ductility) can thiét ma 16p bé tong bao vé khong bi nit v& (spalling).

> bién dang nén cuc han cta bé tong tu do nd ngang 1a bao nhiéu ? 0.001 ; 0.003 ; 0.005 ;
0.010; 0.05 ? AnS=0:003

> Tai sao bién dang nén cyuc han 1a quan trong ?
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Ap suét nén ngang duogc thyuc hién ra sao trong cac mit cat BTCT dién hinh? Xem Paulay
and Priestley mo6 td ¢ hinh dudi :

A
¥ T ainip
1 Unconfined
d_s .? : Sorcrele
e —ﬁﬁ.ﬂ.‘ﬁp e —— "\"‘s
{a) Y fc) S5

Confinement  Forces ochng on Lonfinement from
frorm sperof oneholf speral o Q squore Hoos

or circuior  circwlor hoop

hoop

Thép dai xoan hay tron duge dit bao quanh ving chiu kéo xuat hién khi bé tong gidn no
dudi tai trong nen, do hinh dang cia n6 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 nhit ciia bé
tong (maximum effective lateral pressure), fi , xuat hién khi thép dai xodn dat cudong do
chay déo (yield strength), f,, . Tt hinh b. ¢ trén, can bang luc doi hoi:

_ 2 Ay

2
dsy (3-2)

V6i d, 1a duong kinh thép dai, A, 1a dién tich thép dai, sy, 1a budc thép dai xoan hay tron.
Hinh c. ¢ trén cho thay thép dai hinh vudng khong hiéu qua bang thép dai hinh tron; thép
dai hinh vuong chi hiéu qua ¢ vung lan can goc dai.
Piéu nay giai thich tai sao?
> Ap suat no ngang cua bé tong ap vao thép dai c6 xu huéng day cac canh thép dai ra
phia ngoai
o thep dai hinh vubng khong du cing bang thép dai hinh tron : bién dang uén
trong thép dai hinh vuong so véi bién dang doc truc trong thép dai hinh tron.
» Su ¢ép ngang (confinement) do thép dai hinh vudng c6 thé duogc cai thién mot cach

can ban khi stir dung dai giang (cross-tie) hay dai chéo (diagonal tie) dugc ciu tao
biang ngang trong tiét dién téi han (critical cross section).
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Trong hinh v& bén trén day, Paulay and Priestley trinh bay védi cac muc do ép ngang khac
nhau do thép doc va thép ngang trong cac mat cit cot BTCT. Bé tong tu do né ngang
(unconfined) dugc danh dau dang gach chéo. Chii y rang trong cot tron & hinh a, tai vi tri
thép ngang (thep dai) toan bd bé tong phia trong la bi ¢p ngang. O hinh b va hinh ¢, muc
d6 ep ngang cua ¢t vudng co dai giang 1a it hon so vo1 cot tron. 4 hu cac hinh v&, cac vom
bé tong giita cac diém neo cot (giao dlem cua thep doc va thép dai): vom cang thap, bé tong
bi ép ngang cang nhiéu. Chu y rang néu dai giang bi loai bé khoi cot, mic d6 ép ngang sé
bi giam nhu dugc minh hoa & 1/4 ¢4t trong hinh b (mau cam). Su ép ngang bé tong dugc
cai thién 16 rang néu budc dai s, dit gan nhau hon (xem hinh d) va néu thép doc duoc giang
budc tai mdi 16p thép ngang (xem hinh e).

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

a hiéu nghién ctru d thuc hién nham thiét 1ap quan hé (o—¢) cua bé tong bi ép ngang. Mot
s6 mo hinh tién tién cho cac loai bé tong duogc liét ké dudi day:
»  Bé tong thong thuong
o Scottetal., J. ACL January 1982
o Sheikh et al., J. Structural Division, ASCE, December 1982
o Mander et al., J. Structural Division, ASCE, August 1988
»  Bé tong nhe
o Manrique et al., UCB/EERC Report 79/05, May 1979
o Shah et al., J. Structural Division, ASCE, July 1983
»  Bétong cuong d cao
o Yung et al., J. Structural Division, ASCE, February 1988
o Martinez et al., J. ACI, September 1984
o Bing et al., Proceedings, Pacific Conference on Earthquake Engineering, 4 ovember 1991
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3.4

Trong gi4o trinh nay, chung ta tip trung vao mé hinh Mander vé quan hé (c—¢) clia bé tong
thong thuong bi ép ngang.

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

Trudc hét xem xét mod hinh (o—¢) khai quat dudi day cia bé tong tu do né ngang va bé tong
bi ép ngang trong thi nghi€ém nén (theo Mander et al.; Paulay and Priestley, Priestley,
Seible, and Calvi).

Confined
concrelte

e NN

Assumed for

Compressive Stress, f-

Compressive Strain, &

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

M6 hinh Mander c¢6 thé 4p dung cho tit ca cac dang tiét dién va cho tat ca muc do ép
ngang. Quan hé ung suét-bién dang (f.—¢.) cua bé tong bi ép ngang dugc xac dinh béng hé
phuong trinh (3-3) sau day :

: f!
f.. Xr = - -
fo=—2=— (3-3a) oo~ Lol 730 7D (39
r-1+x £ ’
€ Ec Sco =2 ‘ (3-3f)
X = C r——m—m—— Ec
€ E -Ee (ACI 318: thong thudng &g, = 0,002)
(3-3b) (3-3¢)

E, — 60000,/f. (psi) — 5000,/f, (MPa)

£, =f] 2254 1+ 22420455y (3-3g)
o g o
E -l (3-3h)

(3-3d) e
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Trong hé phuong trinh trén, cuong do bé tong bi ép ngang (peak concrete stress), .., 1a
ham s0 cua ap suat nén ngang hiéu qua (effective lateral confining pressure), ;.

Véi £,= 0, phuong trinh (3-3b) ddn d&én .. =f. ma phu hop véi trudng hop bé tong tu do
nd ngang (khong thép dai).

Ap suit nén ngang hiéu qua f°;, tinh theo ap suit nén ngang trung binh fj ctia tiét dién tron:

fi = Kef) = K{%} (3-4)
sSh

voi K. 1a hé so hi¢u qua nén ngang (confinement effectiveness coefficient), ma lién quan
truc ti€p dén dién tich 161 nén ngang hi¢u qua so vdi dién tich 161 danh nghia dugc bao vay
bdi tdm chu vi cac thép dai. Gia tri dién hinh cua h¢ so nay la:

o K.=0.95 cho m/c ¢ot tron
o K.=0.75 cho m/c c¢6t chir nhat
o K.=0.6 cho m/c tuong chir nhat

Déi v6i m/c chit nhat do ty sb thép ngang theo hai phuong chinh x va y nhin chung khac
nhau (px # py), cic ung suit nén ngang ciing duoc tinh toan khac nhau:

fix = Kepryh (3-5a) ; fly = Kepyfyh (3-5b)

Trong truong hop 71 # 71y, hé sd cuong d6 nén ngang K (confined strength ratio) cua bé
tong bi ép ngang (K = ../f’.) ¢6 thé ndi suy tir hinh v& dudi ddy do Mander cung cap,
trong do luu y i > 1)y

Confined Strength Rotio e T
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Bién dang nén cuc han (ultimate compressive strain), €., c6 thé tinh theo dé nghi cua
Mander nhu sau:

L4psfynesm

£cu = 0,004 + (3-6)

CcC

Vo1 ps = px + py (&Y s6 thé tich cia thép ngang) va e, 13 bién dang thép tai vi tri c6 Gmg sut
kéo maximum (gidi han bén — TS). Thép thanh Grade 40 c6 g, = 0.15 ; thép thanh Grade
60 cO g4, ~ 0.10 . MGt dang khéc cua phuong trinh trén la:

0’14psfyh

Beu = 0,004+ ——
C

<0,020| (3-7)

v6i bién dang gi6i han thép 14 &, ~ 0.10 and f.. qui dinh 14y bang f'. . Gia tri gi¢i han 0.02
qui dinh la xac dang.
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3.5 TINH TOAN CAC TY SO THEP NGANG

D¢ tinh 4p lyc nén ngang higu qua |, phai xac dinh trudc cic ty sd p, va p, cho tiét dién

chir nhéat, va ty so ps cho tiét di¢n tron.

> Trude hét xét tiét dién tron bén dudi. Dy, 13 dudng kinh cia vong thép xodn hay dai
tron; Ay, 1a dién tich m/c ngang thép dai . Gia st rang budc thép dai la sy,

Ty s6 thé tich thép dai 14 :

DLAg,  4Aq
ps=—5 - =——F| (3-8)
ShTEDh/4 ShDh

> Bay gio xet tiét dién chir nhét bén dudi, thep dai gdm 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;.

T B B

Tong dién tich thép dai bang qua tiét dién cit ngang 1a Ay, = nA,, v6in 1a sb thép dai (=3
theo phuong khao sat). Ty sé thé tich thép dai py theo phuong y 1a :
Agy  3A
Py = h
cSt hcst

(3-9a)

Tuong tu, ty sb thé tich thép dai p, theo phuong x 14 :

_Ash 2At
* besq bcst

(3-9b)
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3.6 THONG SO KHOI UNG SUAT NEN CUA BE TONG BI EP NGANG

Céc thong sb khéi g suat chit nhat twong duong duoc dung trong thiét ké bé tong tu do
n6 ngang co6 thé mo rong dung cho bé tong bi ¢p ngang. Paulay va Priestley trinh bay trong
hinh v& dudi day céac thong sO khoi tng suat chit nhat (stress block parameters) cho tiét
dién bé tong bi ép ngang boi thép dai kin.

K- L2 15 240

1.0 v 1.0 20
0.8 2z [ : _ o . Z = 12
. e -1 L8 -1 oo == 1

AN L 1 '/A"f//. i s
E . ' 1
s om Kt QKK 06 N ™
£ —— af _
o« 1 = E - < 04 N ——
I = e - ~-
6.2 Stroen Actual  Equnckent s L L __]__
_| Profite Stresses  Stress Block | ; .
4 | [ I T j & |
o ! 2 3 L) 5 o f 7 2 4 ]
Ecm/Eec EcmsEee
ial b}

Ung suét trung binh 14y bang of'. cho bé tong ty do nd ngang dugc thay thé bang af.. hay
oKf. , véi K = ' /f'. . Vo1 mot gid tri chon trude cua bién dang nén tai dinh (peak
compression strain) €., , dugc thé hién & dang ty $O Eem/Ece , mot gid tri B dugc xéac dinh tu
hinh (a); va mot gia tri o cling dugc suy ra tr hinh (b) & trén.

Dbi véi cac tiét dién phirc tap, cac phan mém tinh toan nhu BIAX hay UCFyber, chia tiét
dién thanh nhiéu 16p dé tinh toan. Twong Ung voi cac gia tri cho trudc cia truc trung hoa
(4 A) va do cong (¢), cac bién dang (g;) dugc tinh tai tim mdi 16p, va cic ung suat tuong
g (o;) s& duoc tinh tryc tiép tir quan hé (o—¢) da 1ap trinh san. Cac noi luc (F;) trong mdi
16p tuong ng v6i cac ing suit o; s& duge xac dinh bang tich phéan trén toan bo chiéu cao
tiét dién va tir d6 tinh dugc momen tinh toan trén tiét dién d6 (xem phan 4.4, trong chuong
4 s€ trinh bay sau).

Chuong 3: BE TO4 G COT THEP BAEP 4 GA4 G



Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD Ho Hitu Chinh

3.7 VIDUTHIET KE
Xét tiét dién cot bén dudi bi nén ngang bai thép dai s6 #5 gom dai 2 vong va mot dai giang
(A= 0,31 in’, s,= 4 in). Gia sir thép Grade 60 ¢ fy = 60 ksi va cuong do bé tong f'c = 4 ksi.
Tinh: a) cuong dg 151 bé tong bi ép ngang, b) bién dang nén cuc han, ¢) cic thong sb thiét
ké cua khoi ing suat tuong duong.

hy: 340

=Y

Theo phuong Y c6 4 thanh thép #5 bi cat ngang bai duwong thing mau cam. Ty sb thép
ngang p, bang :
_4A¢ 4031)
PY TS, 4(440/25.4)

Vay theo phuong X c6 bao nhiéu thanh thép bi cit ngang boi dwong thing mau do?
duong cat mau do co vi tri ¢ dau? Ching ta c6 3 kha nang:

=0,0179

> Duong cham dai: cit qua 3 thanh
> Puodng chim ngin: cit qua 5 thanh
> Lay trung binh trong s6: 1/3 ¢ giita ¢6 5 thanh va 2/3 & ngoai ¢6 3 thanh
Vay giai phap chon tot nhat 1a gi?
> Dé an toan chon 3 thanh dai
~3A¢  3(0,31)

Py t = =0,0174
sthy  4(340/25.4)

Bay gio, gia thiét hé ) hiéu qua K. = 0.75 cho tiét dién chit nhat, ta co:
flx = Kepyfyn = 0,75 x0,0174 x 60 = 0,783 ksi

fl'y =Kepyfyn =0,75%0,0179 x 60 = 0,806 ksi
Str dung hinh v& & trang 6, voi cac thong so sau:

| f
fix 0783 _ 106 iy _ 0806

'

fC 4 fC

=0,201

Chuong 3: BE TO4 G COT THEP BAEP 4 GAA G



Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Suy ra dugc hé ) cuong do hi¢u qua Kla:

K = fee _j 08

C
Do d6 cuong do 161 bé tong bi ép ngang la:

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

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

L4pfone
£y = 0,004+ L3 yhism

CcC
1,4x0,0353 x60 x 0,1
7,92

Eey = 0,004 +

=0,041

Dé thiét 1ap cac thong sb thiét ké (o.p) cho khéi img suit trong duong, bién dang e.. phai
duoc tinh toan:

7,92
4

—1)} =0,012

C

fl
Eee = 0,002[1 +5(-%C — 1)} = 0,002[1 +5(

va €cu/€cc =0,041/0,012 = 3,42
Str dung hinh v& & phan 3.6, ta c6:

B=0,98 va OLBIO,9 = |la=0,92

a hu vay cudng do trung binh dung cho khdi tng sudt chir nhat trong dwong dudi day la:

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

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

(ductility) cua tiét dién so véi tinh todn LRFD binh thudng (chay déo):

[My] = ¢M,, > [My] = ¢M,,

[9ul >> []
|<—b> & lef ou1f'c
—_ _— (— -
a| €1~
C <
d = Rc < Cc
h = Bic
As [
@0 o0 N fs N Ts
&t
Tiét dién Phanb6 BD  Phanbd US  US tuong duong

Kha ning chiu luc cua tiét dién BTCT chiu uén khéng ép ngang:

M = Ts d—i

2
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Chuong 4: QUAN HE MOMEN -PQ CONG

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

Phan 8.4 cua tiéu chuan ACI 318 cho phép phan phéi lai momen (ting hay giam momen
am) trong cac cau kién BTCT chiu udn lién tuc. Phén phdi lai mémen phu thude vao do déo
(ductility) trong cac vung khop deo (plastic hinge). a hirng vung khop déo phat trién tai cac
Vi trf Mpax va 1am thay ddi biéu d6 momen udn dan hdi. Va két qua phan tich déo thuong
thiy 1a mémen 4m giam va momen duong ting trong ving khdp déo so véi két qua phan
tich dan hoi. Vi cac t6 hop tai trong nguy hiém dé xac dinh cdic momen am va cac mémen
duong 1a khac nhau, nén mbi tiét dién BTCT c6 mot kha nang dy trir ma khong sir dung hét
cho bat ky mot truong hop tai nao. Cac khdp déo cho phép sur dung toan b kha nang chiu
luc ctia nhidu vi tri tiét dién hon ciia két cau chiu udn, so voi két qua phan tich dan hoi.

> Két qua phan tich dan hdi tuyén tinh ctia mot cau kién phi tuyén :
ﬁ w kips/ft

|

N

)
|

|

N

N
k<

—  Prismatic cross section

-wl¥/12

Elastic moment diagram

N
| + wl/24

_Mp

Plastic moment diagram ::.
LY
Y P
2 : ,
2M,, = wl’/8 Plastic hinges?

Vi tiét dién hinh lang try c6 momen khang udn M, tai trong tac dung 16n nhét w duogc xac

dinh bang:
. we 12
> Phan tich dan hdi: M, ——mx —ye _12Mn
12 max 12
. 16M
> Phan tich chay déo: M, =—m2_ —yP -0 |=133w°
16 max 12 max
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Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

a hu vay, viéc str dung két qua phan tich chay déo cho gia tri tai trong cho phép cao hon khi
so vo1 két qua phan tich dan hoi.

Kha ning chay déo c6 thé duoc hinh thanh nhu thé nao?

> d0 déo (ductility) di 16n trong mién tao khép déo.

o d6 déo la dai lugng do kha ning bién dang khong dan hoi vugt qué bién dang déo

o st dung phuong phap phén tich mémen-dd cong (moment-curvature analysis) dé
xéc dinh cac gi6i han bién dang.

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

c¢max

4.1.2 HE¢ chiu tai trong ngang

Su phén phdi lai lyc ngang 1am ting cuong kha ning dap (mg cta hé khung chiu tai trong
dong dat va tai trong nd do cac thanh phﬁn ciu kién dat dén cuong do lon nhét tai cac muc
d6 bién dang khac nhau. Xét co ciu beam-sway bén duéi (hinh a: ¢dt cirng-dam yéu) ma la
co cAu uu tién trong thiét ké dong dat.

> tai sao beam-sway theo hinh a 14 co cdu wu tién? (nhiéu khép déo nhat > Ph. an tdi wu).
> anh hudng cia mémen do tai trong dimg trén dap tmg ctia céu kién?

8 8

& B

=

Flexural d=manids o1 a beain

Ydiss

— ————  gravity

+

2artliouali2

~
°~
~

] | STl
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Cao hoc: X4y Dung Dan Dung va Cong 4 ghiép

) ong a ghiép Bai giang: Prof. Andrew Whittaker
Mon hgc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT

Bién dich: PhD H6 Hitu Chinh

e Co céu right-hand sway: véi 2 khép déo & hai dau dam (-) va mot khép déo (+) tai vi tri
c6 momen M, ,y.

Ving bién dang 16n

e Co ciu left-hand sway: v6i 2 khép déo ¢ hai dau dam (-) va mot khép déo (+) tai vi tri
c6 momen M, ..

Ving bién dang 16m

7\
. D

7’

-
-

~ 1 -
\N_”

Vay, kha ning bién dang day du phai duge cip cho moi khép déo dugc tao thanh nhu trong
hinh v€ trén.

> bién dang khong dan hoi 16n trong bé tong

» d6 déo lon dat duoc béng cach dung cac chi tiét cau tao thich hop, bao gém ca bién
phép thép dai ép ngang.
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4.2
4.2.1

4.2.2

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

Phan tich nay trinh dién dang don gian nhét cua phan tich mémen-do cong (M-¢). Mot s6
gia thuyét don gian trong 1y thuyét uén duogc thiét 1ap dé tinh toan quan hé (M-¢) nhu sau:

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

Axls of zero atrain

. . €
a hu vy quan hé giita 40 cong ¢ va bién dang ¢: ¢ = ;

v6i y 12 khoang cach tir mép ngoai dén truc trung hoa.

Tai cung mot cao do cua tiét dién cau kién, bién dang thép béng bién dang bé tong (&= €.).

Cdc ting sudt trong thép (o,) va bé tong (c.) cé thé xdc dinh tir cdc quan hé (o—¢) ddc
trung cua vat liéu.

Céc phuong phép tinh toan trinh bay sau dﬁy ap dung cho hai kiéu tiét dién ty dg no ngang:
(1) ban BTCT chi co theép chiu keo, (2) dam BTCT chi ¢6 thep chiu kéo (phan 1) va c6
thém thép chiu nén (phan 2).

Phén tich momen-d cong ctiia ban BTCT

Trong tinh toan bang tay, mémen tai 3 mirc d¢ cong (curvature) duoc xac dinh:

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

> 0 cong khi bé tong bién dang chay déo ¢, (tai mémen chay déo M)

» d0 cong khi bé tong bién dang cuc han ¢, (tai moémen cuc han M,)

Mit cat ngang ban BTCT duoc trinh bay dudi ddy. Myc tiéu 1a thiét 1ap duong quan hé (M-
¢) cho tiét dién ban. Xét mot khoang chiéq rong ban b =12 in dé tinh toan, Thép loai Grade
60 va cuong do bé tong f'. = 4 ksi. Gia thiét 16p bé tong bao vé 1a 1 in.

Ba budc tinh toan phai thuc hién tai cic giai doan: a) bat dau nut, b) chay déo, ¢) téi han.
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D:6,’ b: 12”

% 01 #4 @ 6”
1

a) Bit diu nit (cracking)

B qua su tham gia c¢dt thép (bé qua chuyén doi tiét dién twong dwong),
D3 12x6°

e 2 12

Mb dun dan hoi ctia bé tong: E . = 57000 +/4000 ksi = 3604 ksi
filg _ 7.5v4000 216
Vi 1000 3

Tinh d6 cong khi bat dau nut, ¢, = Mo 382 4,4E-5 in”
E I, 3604 x216

I = 216in°

Tinh moément gy nirt, M . = = 34,2 kip-in

a hu vay toa do bat dau ntt (¢c;, M) trén duong quan hé (¢-M) 1a (4,4E-5 ; 34,2)

b) Chay déo (yield)
Dé tinh toan, str dung moémen quan tinh chuyén d6i do nut (cracked transformed moment of
inertia). Bién dang t6i han trong thép chiu kéo 1a bién dang chay déo &y.

—— bkd \]/_kd

* I = .

Js

L_ €
¥

b L A ¢

Transformed
Areas

Straims Stresses

Su phan bd ung suit trong bé tong dugc gia thiét nhu ¢ hinh trén. Chiéu cao ving bé tong
chiu nén dén truc trung hoa 1a kd. Bién dang trong thép chiu kéo 1a ¢, . Déi voi tiét dién
BTCT cot don ta c6 cong thure,

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

v6in 1a ty s6 mo dun (n = EJ/E.) va p = A/bd. Dbi voi tiét dién trén ta co,
d=D-1-0,5x(4/8) =6-1-0,25 =4,75 in
.2
_ 2x(0,2in %) ~0,0070 : n= 29000
12x 4,75 3604
= k=0,28 (gia tri nay hop Iy khong?)  Ans: k < 0,3 khong bi ph4 hoai don

=8,04
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Tinh mémen M, quanh trong tam khéi bé tong chiu nén, ma vi tri cua n6 cach mép trén ctuia
tiét di¢n mdt khoang bang kd/3, ta co6:

M, =Y Afs(jd) = Af(d —kd/3)
My = (0,4in%)x60x (4,75—0,28x4,75/3)=103,4 kip-in
Do cong tuwong ung:

ey 0,0021

oy = = =6,1E-4 in”
d-kd 4,75-0,28x4,75

a hu vay toa do diém chay déo (by, My) trén duong quan h¢ (¢-M) 1a (6,1E-4 ; 103.4)

¢) Toi han (ultimate)

Hinh dudi cung cép thong tin can thiét dé tim momen t&i han (M,) va d cong t6i han (¢y).

= 0.85f,
\l/_ c >— o |31C’
T
— a8 w ji'l
b
L_ =€ >
Strains Stresses

Gia thiét khoi ung suét bé tong chiu nén dang chir nhat kiéu Whitney-type (B; = 0,85),
Asfy 0,4 x 60
0,85f,bp; 0:85x4x12x0,85

chiéu cao dén truc trung hoa la: ¢ = =0,69 in

Moémen t6i han M, tinh bang:
My = Agfy(d-0,56c) =0,4%x60x(4,75-0,5%x0,85%0,69) = 106.,9 kip-in

Do cong t¢i han ¢, 1a: ¢, — Eemax :%Lé); =4,3E-3 in’'
C ,

a hu vay toa do diém t6i han (¢u, M,) 13 (4,3E-3 ; 106,9).
Chu y chi c6 khéc biét nho gitta mémen M, (104 kip-in) va moémen M, (107 kip-in).
150

A o)

100 L

0
0. 000 0.001 0.002 0.003 (0.004 0.005
Curvatire 14n

“oment ihip-ing

h
[

P
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4.2.3 Phan tich mémen-dj cong ciia dim BTCT

Phén tich miu dam BTCT duéi day c6 phuong phép tuwong tu nhu vi du ban BTCT trinh
bay ¢ trén. Hai truong hop s€ dugc nghién ciru : (a) chi c6 thép chiu kéo, (b) co thép chiu
kéo va chiu nén. Cac dir li¢u chinh trinh bay trong bang dudi day.

I 4 ksi -
/]
fJ- 60 ksi —@& @ 2#9 (part b only)
f 0.474 ks o
I, 13210 in? =
+—O0—0—0 3#9 (parts a and b)
E, 3604 ki
<— 157 —>
P 0.0099
p’ 0.0066

1. Phan1: Khong c6 thép chiu nén (khong co 2#9)
a) Bit diu nut

I
M =-£f, = 13310 (0,474) = 573 kip-in
Yt 11
Oy = M 573 = 1,19E-5 in”!
EJ, 3604 x13310

b) Chay déo
n=8,04; p=0,0099

k = +/2pn + (pn)? — pn = 0,327

M, = Asfy(d_k?d):3,0><60x(20—w ) =3207 kip-in
td
b, =y o 00021 gep i
Y d—kd 20-0,327x20
¢) Tdi han
A f
c= S A 3,0x 60 =4,151n

085f.bp, 0.85x4x15x0,85

)

My = Agfy (d- %) —~3,0x60(20 %

= 3282 kip-in
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Mén hoc: Phan Tich Ung X & Thiét K& Két CAu BTCT Bién dich: PhD H) Hiru Chinh
€ 0,003 .
Oy = CI:aX =5 ~ /2E4in Do = duldy = 4,6

2. Phan2: Co thép chiu nén (co 2#9)

a) Bit diu nirt (nhu trén)

I
M =-£f, = 13310 (0,474) = 573 kip-in
\Z 11
Oor = M 573 =1,19E-5 in”
EJ, 3604 x13310
b) Chay déo

n=238,04; p=0,0099; p>=0,0066; d=20""; d’=2"

k = \/2(p + %p')n +(p+ p')zn2 —(p+p")n=0,301

Phuong trinh tong quat cia mémen My la:

kd v kd
My:ASfy(d-T)-i-ASfS(d -?)

v6i tng suat thép chiu nén 1a ham sb ciia khoang cach k. 4 éu g suét thép chiu kéo 1a fy,
thi bién dang thép chiu nén c6 thé xac dinh bang qui tac tam gidc nhu sau:

fy = Ed__kj' £y= 17,3 ksi
M, =3.0x6020- 2301X20) 5 17,32 9301%20,
= 3238 kip-in
- 00021 _1 5054 in”

% =ik T 20-0301x20

¢) Téi han

Tinh toan (¢, , M,) doi hoi mot s6 budc tinh 1dp dé tim vi tri truc trung hoa. Trong tinh tay,

ban dau gia thiét bién dang thép chiu nén €' vurgt qua bién dang chay gy, gla thiét nay ciing

s€ duoc hau kiém.

Ay AT 30%60-2,0%60
0,85f,bp; 0,85x4x15%0,85

c =1,38 in

M, = (0,85f,Bcb)(d- %) +A' ', (d—d') = 3321 kip-in

o, = Comax _ 0003 oop 5y
¢ 138
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Kiém tra lai gia thiét ban dau cho bién dang trong thép chiu nén,

8 Scmax (

@) = 0,0015=0,71e, <, (e,=0,0021)

a hu vay gia thiét ban dau 14 khong dung va doi hoi budc tinh lip khac. Sau mot s lan tinh
lap ta co:

c=2.90"

a'_acmax( c-dy_ ooouM) 0,00093

’

f, = E &g = 29000 x 0,00093 = 27 ksi
M, = (0,85f,B;cb)(d- B_;c) +A' 'y (d—d') =3331 kip-in

o, = Fema 0003 1y op ait o = by =67

c 2.9
Bay gio khéo sat bang dudi day cho BTCT tu do nd ngang (khong c6 cdt thép dai).
Thép chiu nén
Khong Co
M, 3207 3238 <« it thay d6i
by 1,56E-4 1,50E-4 | « khong dbi
M, 3282 3331 <« it thay doi
du 0,72E-3 1,0E-3 « tang 40%
Lo 4,6 6,7 <« tang 40%
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43  PHAN TiCH MOMEN-BPQ CONG CUA TIET DIEN BI EP NGANG

4.3.1 Tinh toan cac dap Gng

Trong tinh ton bang tay, momen tai 3 mic do cong (curvature) ciing duoc xac dinh tuong

tu nhu cac tiét dién tu do né ngang:

> d6 cong khi bé tong xudt hién nut ¢, (tai mémen gay nirt M)

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

> do cong khi bé tong bién dang cuc han ¢, (tai momen cuc han M,)

Cac phuong phap tinh toan trinh bay sau day ap dung cho tiét dién dam BTCT bi ép ngang
(c6 bb tri thép dai) v6i cAu tao nhu hinh v& dudi ddy. Thép dai vong #5 , bude dai s, = 4.

Budc tinh thir nhat 1a xac dinh cac dic trung cua bé tong bi ép ngang. Trong vi du nay,
momen udn quanh truc x-x gay ra irng suat nén ¢ phan dinh ctia mat cat dam BTCT (phia

thép 2#9). Truc x va y nhu hinh vé.

-2

2#9 =

f 4 ksi
1, 60 kst i
1, 0.474 ksi .
I, 13210 in%
E 3604 ksi
< 15
p 0.0099
p 0.0066

Véi tiét dién nhu trén, st dung céc cong thirc trong Chuong 3 ta c6:

B 1320
HT e 10 i

R

.= =00114 2A 2A
I 3 h . _ h
_I;XIJ; }prz " ’pX - hn
= R4y — 00074 Sh X Sh y
L4200

Do tiét dién chit nhit, gia st hé s6 hiéu qua K. = 0,75, ta co:

' 41
D _ g py 0 2 0,75%0,0074 x 22 = 0,083
fe fe 4
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Mén hoc: Phan Tich Ung Xur & Thiét K& Két CAu BTCT Bién dich: PhD H) Hiru Chinh
f, f 60
L Kepy = 0,75%0,0114 x> =0,128
f 4
C C
Confinea Strenglh Rolio A

o LG .":5 2.0
. T
= \ P
< VAN |
ST o RTINS
JELS
< 1A o
:;‘5 E’- T T T e e ——— ThH 5;"5,
e cg 0.2 1 VA
= T RARVS
w9 IV
n -
[ Braxigl — LT UHY
o =

0.3 A0 TGN
0 ot 0.2 03

Smatiest Effective Confining

Stress Ratio. %,/ F

Str dung biéu do trén, cha y ring cudng do ép ngang hiéu qua 16n nhét ctia vi du nay 1a ),
suyrataco K=1./f.=1,6 va cuong do 161 bé tong bi ép ngang do d6 bang :

fo. =Kf, =1,6x4 =64 ksi

Su dung mo6 hinh Mander véi cac ky hi€u nhu trong hinh dudi day:

Confined
concrele

e NN

Assumed for

Cornpressive Stress, [-

Compressive Strain, €c

Ta co cac thong sd can thiét khac dé thiét 1ap duong quan hé (f.-g.) cua tiét dién bé tong bi

¢p ngang la:

fop =fy=1060 ksi; €sm = 0,1 (thép Grade 60)

L4(p, + py)fyhaSm

g, = 0,004 + =0,028

cc
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Eee = 0,002[1 + 5(fff—,° —1)]= 0,008

C
Egeo = Toe 800 ksi; E.=3604 ksi
SCC
po— P _jog X = ¢ = 125¢,
Ec _Esec €cc
o fooxr 1024 ¢,
¢ r 1,28
r—1+x 0,28 + (125¢,)

Duong quan hé c—¢ cta cac truong hgp bé tong bi ép ngang va bé tong tu do nd ngang cua
vi du nay dugc biéu dién nhu sau:

8

7

™.

\
L > Confined
h —  Unconfined

Connpressive stiess (hsi)
Ju

0.00 .01 002 0.03
Compressive strain (in )

De tinh mémen t61 han M, va d6 cong t6i han ¢, cho tiét dién nay, cac thong s0 khoi ing
sudt bé tong chiu nén can phai duoc xac dinh. Cac s6 liéu da biét gom:

K=f' /f'.= 1,6; chon ¢ =g, =0,028; ¢..=0,008; Eemax _ 3.5

cmax
€cc

K:10 L2 15 20

.0 . 1.0
9 = 17 7 1T 17T 1T [ 1 20
i —m - = —
-2 Y =5 il e
0.8 7P L S o8 = '
' . I_l_._ - |I//,, —— ke Tt SR o
E , 1
0.6 on Kt E.K_"‘q 0.8 S — 1.
B ﬁ‘ﬁ C(B o
o c B = < 6.4 -1 ]
_ =~ =+ I i
0.2 Stron Actugl  Fguvalent 0z L N g
| Profite _Stresses Stress Block | ) |
4 ] J [ T J ] I
a ! a 3 L) s g I e 2 4 5
Ecm /e EcmsEee
{al b}
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Tir cac biéu dd trén ta co: B =1, ap = 0.9, o= 0.9 . Luc ndy chung ta c6 du cac thong sb
can thiét dé thuc hi¢n sy phan tich mémen-dg cong.

a) Bit diu nirt (nhu trén)

I
Mg =-5f, = 13310 (0,474) = 573 kip-in
Yt 11
Doy = M 573 =1,19E-5 in”
E.ly 3604 x13310

b) Chay déo (nhu trén)
n= 8)04; p = 0,0099; p, = 0’0066; d = 20”; d’ — 2,,

k = \/2(p + %p')n +(p+ p')zn2 - (p+p")n=0,301

fS': kd —d
d-kd

kd oo kd .
My = Agfy (d-=0) + Afy(d -=5)=3238 kip-in

fy=173 ksi

_ &y 0,0021
d—kd ~ 20-0,301x20

¢) Téi han

=1,50E-4 in™

by

Trong tinh toan bén dudi, bo qua anh hudng cbt thép chiu nén.

» Téac dong cua quyét dinh nay s& ban luan sau.

Do nén ngang, bé tong s& co bién dang max vuot xa bién dang nit v (spalling) ma dugc
gia thiét 1a e, = 0,004. Do d6, ¢ giai doan tinh toan to1 han can gia thiét rang l6p bé tong
bao vé da bi nit vo (xem ving chéo mau cam ¢ hinh dudi).

2

b=15-2(2-9/16-5/8)=13,21n
d=22-2-(2-9/16-5/8)=19,1 in
a=09; Bi1=1,0
.o Agfy 3,0x 60
afC'CbBI 0,9%6,4%x13,2x1

=2,361n
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M, = (afBieb)(d- = Prc ) = 3215 kip-in

o, = Zam J 00028 1ok 5 i
T T 236
u _bu =79,3
o~
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

cotdon | Knong | Co
M, 3207 3207 | < khéng doi
by 1,56E-4 | 1,56E-4 | « khong doi
M, 3282 3215 | <« it thay ddi
du 0,72E-3 | 1,19E-2 | < tang 17 lan
o 4,6 79,3 < tang 17 lan

a)- Xét tac dong loai bo thép chiu nén anh huong két qua tinh toan nhu thé nao?

> S& anh huong vi tri truc trung hoa ¢ khi xét dén thép chiu nén? = B
Agfy — Agfy

o Chu y cong thuc: ¢c= ,
afebpy

> 4 éu bién dang max cua bétong e, = const, va ¢ thay d6i (giam) do c6 xét dén thép chiu
nén, d cong tdi han ¢, bi anh hudéng nhu thé nao? =
b)-  Xét viéc loai bo sy tai bén vé bién dang (strain hardening) ctia thép s& anh huong dén két
qua tinh toan nhu thé nao?

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

Tom lai, o cong toi han ¢, (ultimate curvature) va do déo toi han py = ¢u/¢y (curvature
ductility) cta tiét dién thay d6i nhu thé nao? Xét bang dudi day:

Tang ¢u, by ?
Téang thép chiu kéo p = Ay/bd giam
Tang thép chiunén p' = A'y/bd tang
Tang cuong do thép f, giam
Tang cuong do bé tong f . ting
Tang thép dai p" = px + py tang
Tang luc nén doc a giam
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44 PHAN TICH MOMEN-PQ CONG CUA TIET DIEN PHUC TAP

a hiéu phan tich mémen-d¢ cong dugc thyc hién trong cac van phong thiét ké str dung cac
phan mém 1ap trinh tinh toan. Mot sé phan mém tiéu biéu la:

> BIAX: phat trién bai 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 khéo tai SC Solutions
website: http://www.best.com/~solvers/seqgmc.pdf

Céc chuong trinh tinh todn déu van hanh tuan thu mot tiéu chuin thiét ké nao d6 véi nhiéu
dic tinh va cach sir dung rat khac nhau. Phan duéi ddy 1a trinh bay don gian cach thiét 1ap
cac quan hé mémen-do cong cho cac tiét dién bat ky. Mot s6 1a két qua nghién ciru cua
Priestley, Seible, va Calvi.

Trong phan nay, gia thiét quan hé (c—¢) cua bé tong da dugc xéc lap trude (cho trude).

124 1 - BOD
j..Gude 75

100 . Grade 80 700
L 600~
- &
£ 801 Z
iy Grade 40 [ 500 "
o]
[
é 8o ‘40D &
- 300

40 1. Dowsb of strain berdesing
2. Fffective uliimals strain
3. Strain =! pauk sl F 200

4, Frachure sirsim

20 4
’ r 1o

o ' 2 4 6 B 10 12 14 15 18 20
Strain {%)

O day trong phan tich momen-d¢ cong gia thiét ring quan hé¢ (c—¢) cua thép 1a dan hoi deo
Iy tuong (elastic perfectly plastic). Gia thiét don gian dé tinh toan nhu vdy co ban 1a bao
tht. Ma hinh minh hoa trén, Priestley, Seible, va Calvi, thé hién cac dudng cong (o—¢) khac
nhau khi kéo thép:

» cuong do chay déo danh nghia so vdi cuong do 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 gy, khac nhau cho cac loai thép (diém 3).
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Xét quan hé o—¢ dudi day chiu tai don cia thép tron Grade 60 (Priestley, Seible, va Calvi).

Stress

Ey £3h fg Lgu
Strain

Dbi v6i loai thép nay, cudng d6 chay déo mong doi-expected yield strength (fye) s€ 16n hon
cuong do chay déo danh nghia-nominal yield strength (f,) khoang 1,1-1,3 lan. Bién dang
gh = 0,008 va bién dang cuc han g, = 0,12.

Trong mién bién dang tai bén - strain-hardening region (gq, < & < gy), Ung suét thép co thé
tinh bang:

2
0,12 -¢
fy =fye| 1,5 0,5 =% 4-1
e (0,112 j 1)

Trong phén tich véi truong hop bién dang bé tong 16n hon 0,003-0,004, ngudi tinh toan
phai phan biét gitra vung bi ép ngang (confined) va vung tu do n6 ngang (unconfined) cua
cau kién BTCT:

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

> bé tong ndm ngoai thép dai xem nhu trr do né ngang

Phan con lai cua bai giang sir dung cac thuat ngit (nomenclature) ciia Priestley, Seible, va
Calvi nhu trinh bay trong hinh duéi day:
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[a} Circular Calumn

Phén tich mémen-d6 cong la mot phuong phap tinh lap bao gdm xét dén 1ap can bang luc
doc va can bang momen trén tiét dién tinh toan va lya chon cac gia tri ciia bién dang nén &
mép ngoai cung, extreme fiber strain in compression ().

Xét tiét dién tron & trén. 4 ghiém cho tiét dién chit nhat thi tinh twong ty nhung don gian
hon.

Tu can bang luc doc trén tiét dién ta co:

0,5D
P= J.[bc(x)f (ex) + (bx) - bex)feu(x)]dx + Z Asifs(exi)
0,5D-c i=1
(4-2)
Vi &, =2 (x—0,5D +c¢)
c
Tu can bang luc mémen trén tiét dién ta co:
0,5D
M= J.[bc(x)f (ex) +(b(x) bc(x))fcu(sx) Jxdx + ZASlf (exi)Xj
0,5D-c i=1
(4-3)
trong do: b= e

Trong cac phuong trinh trén, f.(g), fu(e), va fi(e) 1an luot la ang sudt trong bé tong bi ép
ngang, tw do no ngang, va thép doc, va chung la cac ham s6 cua bién dang; A 1a dién tich
thép doc tai khoang cach x; tinh dén truc d6i xtmg. Cac dai luong khac xem chi tiét & hinh
bén trén.

Chu ¥ néu tiét dién 1 hinh chit nhat, cac phuong trinh trén ddy duoc don gian hoa nhu sau:

0,5D

P= [[b.f,(e,)+(b-by)f, (&) ]dx+ZAs, f,(ey)

0,5D-¢
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(4-4)
0,5D n
M = [bcfc (Sx ) + (b - bc )fcu (Sx )]XdX+ zAsifs (Sxi )Xi
0,5D-c i=1

(4-5)

[b) Reotangular Column

Céc bude giai tom tit nhu sau :
1. Chon mét gia tri bién dang mép ngoai cung &, va lyc doc truc P.

2. Tinh chiéu cao ving bé tong nén ¢ bang phuong phap thir dan va kiém tra sai sé twong
ung véi lyc cho trude P va bién dang cho trude €. (s dung (4-2) hay (4-4)).

3. Tinh moémen M va do cong ¢ bang cach dung cic phuong trinh & trén (sir dung (4-3)
hay (4-5)).

4. Chon mdt gia tri mdi cia bién dang ¢, (cho dén khi béng bién dang nén t61 han cua
bétdng €cmax), sau do lap lai cac budc tinh 2 va 3.

5. Chon mot gia tri moi 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 duoc tom lugt nhu sau:

5000 —T

4000 -

3000

2000 Rebar strain hardening
snananw Rebar bilinear

Moement thip-in g

1000

0
0,000 {002 G004 (RO 0.008 010
Curvarure (1710}

Chu y rang anh hudng cua bién dang thép tai bén ¢ duoc xét dén trong chwong trinh tinh
toan UCFyber, khi d6 so v61 mo hinh thép dan hoi déo 1y tudng (bilnear model), nhan thay:

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

> ¢6 mot luong giam dang ké vé d6 cong t6i han ¢,
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PHU LUC 1
kd
3
T F
/<_ 0,
—J e — v g
<
b L A, L E’_}'
Trai:_,formed Strains Stresses
reas

Chirng minh: k =+/2pn + (pn)? — pn

voik=c¢/d; n=EJE, va p = Ay/bd,;
tr PTCB luc:

F. =F; < 0,5bkd o jax = A0 (P1-1)

= 0,5bkd (Ecgc,max ) = A (Egeg) (P1-2)
tir so do bién dang:

€¢.max €g k

kd d—kd Cc.max l—k S ( )
Thé (P1-3) vao (P1-2) ta co:
k 2 Es
O’Sbkd(ECESS):AS(ESSS)z O,dek :E—As(l—k) (P1-4)
C

Vi: n=EJ/E.; p=Aybd néntacé:

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

véik=c/d; kK =d/d; n=EyE, va p = Ay/bd; p'=A’/bd

tuong tu cach tinh cia Phu luc 1, tor PTCB lyc:
F.+Fg=F < 0,5bkdo nux = Agos —A'50'g
= 0,5bkd (Ecsc,max )=Ag(Egeg) —A'g(Ege'y)

tir so d6 bién dang:

€c.max &g k
= &€ = —-2_8
kd d—kd cmaxo g S
'y € ., k-k'
= S ey = &g
kd —d' d-kd 1-k
Thé (P2-3) vao (P2-2) ta c6:
k , k —k'
O,Sbkd (EC HSS) = AS(ESSS)_ A S (ES —1 ~ k SS)
— 0,5bdk 2 =SS A (1— k)-S5 A (k—k")
E, E,

Vi: n=EJE.; p=Ay/bd; p'=A’J/bd néntacod:

0,5k? =np(1-k)-np'(k - k")

> |k=\20p+kpIn+(p+p)n? —(p+pn
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5.1
5.1.1

Chuong 5: PHAN TiCH & THIET KE HE THONG SAN BTCT

HE THONG SAN BTCT
Phin loai hé san BTCT chiu tii trong dirng

C6 mot sd hé san BTCT 2 phuong chiu tai trong dimg mé ta dudi day:

>

Heé san phang - flat plate floor system

o chiéu dai nhip = 15-20”

o chiu tai trong nhe (vi du tai trong cép hd chung cu)

o gia thanh ré vi chi phi van khudn thap

Heé san nam - flat slab floor system

o chiéu dai nhip =20-30"

o chiu tai trong 16n hon san phang (vi du tai trong vin phong lam viéc)

o st dung cac tim pa-nen (drop panel) dé giam g suat cat (truc tiép va do mémen
gdy ra) tai dau cot

H¢ san 6 ludi - grid (waffle) slab floor system

o chiéu dai nhip = 20-35”

o chiu tai trong 16n (vi du tai trong nha cong nghiép)

o d¢ cung lon dan dén chuyén vi nho

o giéa thanh dac tién vi chi phi van khuon cao

San 2-phuong ¢6 dam (khung théng thuong)

San 2-phuong c6 dam nong (band beam)

o) chh thudc dam nong rong va can nham han ché tdi da chiéu cao dam va cho phép
dé dang qua lai

So dd 4 dang dau tién cta hé san BTCT duoc MacGregor trinh bay dudi day:
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|l FRak alale.

i wWallle slap

ic) Flal =.ab.

Fig 13-
‘T¥pes of two-way ziaks.

[11 Térd-way slob whh EBepms.

Dé thiét ké san va hé san BTCT, nguoi k§ su phai:
> Xac dinh dugc duong truyén tai trong (load path) tir san dén cot va tudng — xem hinh
dudi

> Thoa méan cin bang lyc — xem hinh duéi

Flal plate slab —_
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5.1.2 Can bang lwc trong hé san 2 phwong
Trude 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 I, va chiéu dai nhip dam tu-
goi-dén-goi 1a |,

Gia su rang tai trong ding tac dung 1én san la w (kips/ft*). Trén mit cit A-A cua hinh V&,
moémen ubn don vi (m) bang:
2
m = % kip-ft/ft width

Momen udn tong cong M trén toan chiéu rong ban san (bing ngang mit cit A-A) la
I .
M = % klp_ft
Téi trong dimg w dugc t}'uxén )guéng dam thong qua cac gdi d& cua ban san. Mi dam
chiu mot tai trong phan bo déu bang
—L Kips/ft
Moémen (My+) tac dung tai gitta nhip mdi dam (tai mat cit B-B) la:
wli..»
(71)12 ‘
Mp =My = E— kip-ft
Va téng moémen tac dung trong ca hai dam 1a
2
141
M = % kip-ft

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

Bay gi 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 nira, tai trong truyén huéng dong-tay va rdi hudng
béc-nam, nhung lan nay chi c6 ban san chiu tdi mgt minh.
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5.1.3

Mobmen téng tinh toan doc theo mat cit A-A va B-B 1a:

wl )12 wl; )13
MA_A=% (5-1); Mg }f% (5-2)

Hai phuong trinh nay phai dugc duy tri bét chip loai hé khung d& san, hay néi mot cach
don gian, ching la cac dicu kién can bang.

Ung xir ciia hé san 2-phwong bi pha hoai uén

Trudc khi trinh bay cic phuong phap phan tich va thiét ké hé san 2-phuong, can phai
nghién ctru Umg xtr cia mot hé san 2-phuong bi ngam ca bon canh don gidn nhu hinh bén
dudi (theo MacGregor).
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Cracking range B A
Canterline deflectlon

{a) Load-ceflection diagram. (b} Initial ylelding—Stage A.

Positive moment
ylaiding

B DEIEEEEEY
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{c) Onset of pos/iive moment {dy ¥leld line mechanlsm--Stage C.
yielding—Stage B.

Chuong 5: PHAN TiCH & THIET KE HE THONG SAN BTCT



Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

MacGregor nhan dinh c6 4 giai doan ung xu cua mdt ban san BTCT chiu tai trong dén khi
phé hoai nhu trich dan dudi day. Gia su rang cot thép 16p trén va 16p dudi ban san phan
bo theo cac hudng déu bang nhau.

» Trudce khi ntt (gial doan 1)

o TAm san 1am viéc nhu ban dan hdi; ddi véi tai ngén han, d vong va ung suét tinh
theo phuong phap phan tich dan hoi

= Nut do co ngdt trong san bi ngan can nhu hinh veé ?

» Sau khi ntt va trude khi thép chay déo (giardoan'2)
o Trang thai thong thuong trong san nha khi chiu tai dich vu (service loads).

o Ban khong duy tri d6 ctirng khong d6i lau hon dugc nita ; tinh dang hudng khong
duy tri lau hon dugc nira vi cac kiéu nut khac nhau trong 2 phuong ; cac vung bi
nat cd do cing nhu thé nao (cao hon/thap hon) ?

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

» Thép chay déo (giat doan 3)

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

= Sy phin phdi mémen trong mot nhip dam c6 hai dau ¢ dinh nhu thé nao?

» Cac khép déo (plastic hinges) hinh thanh khi blen dang vuot qua bién dang chay déo
(do tang tai trong) va phan phdi lai momen, rot cudc giy ra cac moémen duong chay
déo tai ving trung tim san va cac momen am chay déo tai cac gdi tya vudng goc (xem
hinh c. ¢ trén, giai doan B)

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

o Khi ting tai thém nira, cac ving chay déo (ntt hay dwrong chady déo) phat trién chia
ban san thanh mot loat cac tim dan hoi hinh thang hay tam gidc nhu trinh bay &
hinh d. bén trén (giai doan C); cic tai trong tuong ng v&i giai doan nay co thé
tinh toan bang phan tich duong chay déo - yield line analysis (s& dugc trinh bay
trong chuong nay va chuong sau).

Muc dich cua trinh bay trén gdm 2 phan :

<% Phan tich dan ho6i cta tAm san BTCT c6 thé 1a khong chinh xac ddi véi cac tai
trong 16n hon tai dich vu (va doi véi cac tam san bi nirt dang ké do co ngot, ...)

% Su phan b lai dang ké cua tai trong xay ra trong hé san sau khi c6t thép bat dau
chay déo.

o Can du do déo (ductility) d& cung cép su phan bd lai cua tai trong (load
redistribution).
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5.1.4 Sw phén ph6i mémen trong ban san 2-phwong

Muc dich ctia trinh bay duéi ddy 1a minh hoa méi quan hé giita 6 cong va momen trong
ban san. Xuét phat tir cac phuong trinh cin bang luc trong ban, ma s& dugc phan tich ¢
cac chuong sau, va cho hé sé Poisson bang 0. Cac moémen theo phuong x va y, va mémen
xoan, duoc tinh béi cong thirc (5-3) sau:

mémen ty 1¢ tuyén tinh véi do cong

Et3/ 02z
Et3 0 4
__tt (5-3b)
12( 5)
oy?

my

_ B 9% (5-3¢)
Thxy = 12 (6x6y)

¢ day truc z la truc thang dimg. Mémen xodn m,, sé dugc ban ludn trong cac chuong sau.

Bang cach quan sat dang vong (deflected shape) cua san, sy phan phdi mémen trong san
c6 thé udc doan mot cach dinh tinh. Xem xét lan nita mot 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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{2} Deflecied siab strips
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Xét cac dai A va B. Do vong 16n nhit trén hai dai xay ra trong dai B va do d6 cac do cong
trong dai B c6 gia tri 16n hon so vdi cac d§ cong trong dai A.

» Momen trong dai B do d6 l6n hon trong dai A
Do cong 16n nhit trong dai C & dau ? Gan gbt twa ? Vung trung tdm dai C nhu thé nao ?

» chuyén vi trén truc z xap xi hang so; ¢6 nghia la gi ?
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5.2

5.3
5.3.1

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

Thong tin chi tiét vé Phuong phap thiét ké truc tiép (DDM) va Phuong phap khung twong
duong (EFM) dugc trinh bay trong tiéu chuan ACI va cac tai lidu thiét k¢ BTCT khac.

» DDM va EFM duoc st dung rong rai trén thé gidi trong thiét ké hé san chiu tai trong
dung.

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

Trong gido trinh nay, sy trinh bay vé phan tich va thiét ké hé san BTCT chiu tai trong
dtmg chi tap trung vao hai phuong phap phan tich gidi han.

PHAN TiCH PUONG CHAY DEO CUA SAN PHANG
Gioi thiéu chung

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

e (Cothé ap dung cho ciu kién ban, dam, khung.
e Doc lap véi ching loai vat ligu két cau: BTCT, thép, VL khac ...
e Khong cho biét cac thong tin vé d6 vong

e Chi hiru ich cho phan tich tng xtr giai doan t6i han hay sau khi chay déo (post-
yielding).

> Khong cho biét thong tin vé dap tmg ddi véi tai trong dich vu (service-load)
e Thuong ding dé danh gia cac cong trinh d xdy dung
e La phuong phap dong hoc udc doan can trén (upper bound) cla tai trong phé hoai

» An toan hay khong an toan ?

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

Gia thiét vé ing xtr déo ctrng c6 thé mo ta nhu sau:
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Beam:

— - uniform laad
simply supperred edges

&~ -
e supports are axes of rotation
S rigid segment

biasrie hinge

Slab:

nraforn load
simply supported edges

rigd semment

vield line {**** mamenr, 77 shear)

supports as axes of ratatian

C6 3 qui luat co ban dé xac dinh kiéu duong chay déo trong ban:

I. Puong chay déo phdi la cdc duong thang tao thanh cic truc chuyén dong
xoay cua cac phan manh cung (phang).

2. Cdc canh goi do san phdi lam viéc nhw cdc truc xoay. Néu mot canh goi do
san bi ngam, mot duong chay déo dwoc hinh thanh doc theo canh goi do.
Truc xoay sé di qua dau cot do san.

3. Pé cdc bién dang dwoc twong thich, mét dwong chdy déo phdi di ngang giao
diém cua hai truc xoay cua cac phan manh ké nhau.

Chuong 5: PHAA TICH & THIET KE HE THOA G SA4 BTCT



Cao hoc: X4y Dyng Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

5.3.2 Kiéu duong chay déo

Céc ky hiéu qui u6c cho cac diéu kién bién, truc xoay, duong chay déo ma dugc sir dung
trong giao trinh dugc mo ta dudi day (cha y momen duong cho mat dudi ban):

Frge [unsuppn:'r!d] wgg —_—— Aliiﬂfr‘o‘[atioﬁ
LRI Simply supported edge s, P41 VE-MOMEAT yitld [ine
KONUNUQ  Fixed eoge — — — — Negativemoment yie:d line

s} Column

Qui luat 3 & trén da dé cap dén cac dudng chay déo di ngang giao diém cua hai truc xoay
cua cac phan manh lan can nhu dugc mo ta dudi day:

axlz for segmeant I

axis for zegwant a

mactaer option?
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Park va Gamble md ta mot so ki€éu duong chay déo cua tam san chiu tai trong phan bo déu
trong cac hinh v€ bén dudi :
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5.3.3 Cuong dd chdng udn cira san trong phan tich dwong chay déo

D61 véi mot duong chay déo phat trién vudng goc véi cot thép san, momen khang udn cia
mot don vi chiéu rong san bang:

f
C
m, =Af,d —%) = Af,[d=059A, )| (54)

C

voi Ag la dién tich thép chiu kéo ciia mdt don vi chiéu rong san.

Trong thiét ké ACI 318, vé phai cta phuong trinh trén dugc nhan thém hé s ¢ dé tinh
toan cudng do tin cay (dependable strength). 4 hu duoc trinh bay trudc day, cé thé loai bo
anh huong cua thép chiu nén trong tinh toan cudng do chdng udn, vi cac tim BTCT la
“gia cuong thap” (under-reinforced), thép chiu nén it lam thay d6i cuong d6 chdng udn
toi han cua tiét dién.

Phuong trinh trén 13 tiéu chuan déo cho mot dudng chay déo vudng goc véi cdt thép san.
a hu vay truong hop duong chay déo nghiéng goc (khdong vuong gbéc) voi truc cot thép
san thi cuong d6 chong uén hay moémen khang uon sé nhu thé nao ?
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Cao hoc: X4y Dyng Dan Dung va Cong 4 ghiép
Bién dich: PhD HO Hiru Chinh

Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT

PHU LUC

f
Chirng minh: my, = Agfy(d- %) = Agfy (d-0,59A b%)
C

f.
Trudmg hop bin: my = Adfy (@21 = A fy (- 059, =

c
v6i b 1a don vi chiéu rong ban (b = 1)

Fram Force equilibrivim

=T
L cEE o= A

Al
=0 Lhal 0= —
CLESE D
Frarn meoment equilibrivim
] :

My = 0o Tod - -1 = .'".:,f:l- il - %:l
Subslituling 9 fren Ferce equilibrivm

My = Ay | d - 050 |

n= Ay 0T T
L
L |'4-::':E. .55 y
| | [ I |
I T r =
L
L A2
i _=lE3. o7

[™]
%

=
. . . - | "|.
:':_:--!__

EqL w3l ez gL ar

ZIrz 1 Gtrags Blszh

Chuong 5: PHAA TICH & THIET KE HE THOA G SA4 BTCT



Cao hoc: X4y Dyng Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Bai tp 1:
Hay thiét 1ap cac kiéu duong chay déo hop 1y cho cac tim chiu tai phan bd déu.

Kiéu 1 Kiéu 2 Kiéu 3

sz, Lién két gbi tya

Bai tip 2:
Hay thiét lap cac kiéu dudng chay déo hop 1y cho tim hinh thang chiu tai phan bd déu.

Kiéu 1 Kiéu 2 Kiéu 3

Lién két ngam
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Bai tap 3:
Hay thiét 1ap cac kiéu duong chay déo hop 1y cho tim chiu tai phan b déu.

Kiéu 1 Kiéu 2 Kiéu 3

LY, AL, ALY,
7 7 7 7 7 7
7 2 7 7
v 7 v 7 v 7

LAY LAY LA

vz, Lién két gbi tya

Bai tp 4:
Hay thiét 1ap cac kiéu duong chay déo hop 1y cho tim chiu tai phan b6 déu.

Kiéu 1 Kiéu 2 Kiéu 3

L L

/ / /
V 7 7,
V 7 v,
Z Z %
Z Z %

777, 777, S
% Lién két ngam wosssnsss  Lien két goi tua

Bai tap 5:
Hay thiét 1ap cac kiéu dudng chay déo hop 1y cho tim chiu tai phan bé déu.

Kiéu 1 Kiéu 2 Kiéu 3

Lién két ngam
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6.1
6.1.1

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

PHAN TiCH PUONG CHAY DEO
Cuwong d) chdng udn ciia san tai cac dwong chay déo nghiéng goc so véi truc cot thép

Tai phan cubdi chuong vira hoc (chuong 5), mét phuong trinh da duoc thlet lap dé tinh
cuong d6 chong udn cua san véi duong chay déo vudng goc. Su phat trlen dugc mo rong
sau day 1a cho trudng hop ma dudng chay déo nghiéng goc so véi truc cdt thép, cu thé 1a
tinh momen t&i han trén don vi chiéu rong doc theo mét duong chay déo nghiéng goc
khac 90° so véi 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 truc giao nhau. Trong truong hop nay, momen xodn va udn cing s& ton tai
trén dudng chay déo nhu duoc thé hién trong vong tron bén dudi. Trong vong tron do,
chiéu dai ab bang don vi.

= Actual yield line

Equivalent
stepped vyield
ting

« Moments acting on
triangular element

k.
-
-

= o 3

Reinforcement

L 4
¥

Tiéu chuan chay déo Yohansen cung cip mot phuong phap dé tinh:
> Modmen udn téi han trén mot don vi chiéu rong, my,

» Momen xoan trén mét don vi chi€u rong, m,y

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

> Duong chay déo thiee ¢é thé dugc thay thé bcing mot dwong bdc thang gom nhiéu béc
nho theo cac phwong x va y nhu dwoc biéu dién o hinh trén.

» Cac momen xoan theo cdac phwong x va y bang 0 (cac mémen trén cac mdt nay la cac
moémen chinh).

> Cuong dj chong uén ciia tiét dién khéng bi tac ddng béi sw xodn van thép bang qua
dwong chay déo (nut) hay boi cac diéu kién wung suat 2-phuwong trong viung bé tong
chiu nén.

> Ung sudt trong thanh chiu kéo trong ca hai hiéng cdt ngang dwong chay déo (mit) la
ung suat chay déo f,
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> Cdc cdnh tay don néi liec ciia cuong do chéng uén téi han theo cdc phwong x va y
khong bi tac dong khi uon xay ra theo mot phuwong tong quat.

Thi nghiém trén ban di cho thiy rang tiéu chuan déo Johansen mic dau don gian nhung
chinh xéc.

Mot 1an nila xét ban dang bac thang trong hinh trén. Thép dit vudng goc theo cac phuong
x , y va duong chdy déo nghiéng mot goc o so véi truc y. Cuong do chong uon trén moi
don vi chiéu rong theo phuong x 1a m,, , theo phuong y 1a m,,

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

Muy
b

uXx _s
" yunt

myun
a

Lay momen quanh canh ab cta phan tir trén, ta co:

m  (ab) =m_ (ac)cos o +m, (ab)sin o

N _ 2 s 2
va: |m,, =m, cos"a+m, sin"a (6-1)

Tuong tu, lay moémen quanh truc vuong goc ab ma chinh la mémen xoan trén mét don vi
chiéu rong, ta co:

m, (ab)=m  (ac)sin o« —m g (ab)cos a

va: [m,, =(m, —m )sinacosa| (6-2)

Bay gio xét hai truong hop:

> aeéu m, =m, = m, =m |vam, =0

o Momen chong udn téi han trén don vi chidu rong gidng nhau trong tit ca cac hudng
o Momen xoin tai dudng chay déo bang 0
o Mot ban nhu vay duoc goi la gia cuong dang hudng (isotropically reinforced).

» 4¢€u m, #m,

o Momen chong udn téi han trén don vi chiéu rong phu thudc vao hudng chay déo
o Momen xoan tai dudng chay déo khac 0
o Mot ban nhu vay dugce goi la gia cuong truc hudng (orthotropically reinforced).
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6.1.2 Phan tich dwong chiay déo dung nguyén ly cong do

Budc dau tién trong phan tich duong chay déo 1a dé xuat kiéu duong chay déo tudn theo
cac qui luat da néu ¢ chuong 5, cu thé l1a :

1. Puong chdy déo phdi la cdc dwong thang tao thanh cdc truc chuyén déng xoay ciia cdc
phdan manh cung (phang).

2. Cac canh gé'i do san phai lam viéc nhw cdc truc xoay. Néu mét canh géi do san bi ngam,
mot dwong chay déo dwoc hinh thanh doc theo canh goi do. Truc xoay sé di qua dau cot
do san.

3. Dé cdc bién dang dwegc twong thich, mot dwong chay déo phdi di ngang giao diém cia hai

truc xoay cua cac phan manh ké nhau.

Kiéu duong chay déo dé nghi s& thudng c6 mot sb kich thude chua biét ma dung dé dinh
vi tri cac duong chay déo, va no6i chung c6 mot tap hop céac kiéu duong chay déo cho mot
ban san, nhu vi du minh hoa bén dudi.

Chuong 6: PHAA TICH & THIET KE HE SA4 : PHAA TiCH PUO4 G CHAY DEO



Cao hoc: Xay Dung Dan Dung va Cong é. ghi¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Tat ca cac kiéu duong chay déo kha di can nén dugc nhan dién. Tai sao ?

> Kiéu chinh x4c 1a mot trong s6 d6 ma cho gia tri tai trong td1 han nho nhét

> 4 éu kiéu chinh xé4c khong tim thiy, tai trong téi han tinh toan duoc s& khong an toan

Tai trong toi han c6 thé duge xac dinh tir cac kiéu duong chay déo bang cach sir dung:
> Céc phuong trinh can bang
> & guyén Iy cong 4o (virtual work)

o 4 6i chung dé str dung hon va duoc chip nhan trong gido trinh nay

4 guyén 1y cong 4o 1a gi 7 Xét mot vat thé rin & trang thai can béng dudi tac dong cua hé
lgc nhu hinh v€ duéi day :

I

a éu vat thé ran nay c6 mot chuyén vi nho bat ky, tong cong (ning luong) gdy ra boi cac
luc s€ bang 0. Vi rang tong cac luc bang 0.

a guyén 1y cong 4o do d6 c6 thé phat biéu nhu sau:

Néu cho mét vt ran dang ¢ trang thdi cin bang dudi tdc dung cia mét hé lyc, mét
chuyén vi do, thi tong cong do gdy ra boi hé liec sé bang 0.

a guyén ly nay la co s& cho cac ban luan sau.

Dé phan tich mot hé san bang phuwong phap céng a0, mot kiéu duong chay déo dugc dé
xuat cho san ung vai tai trong téi han.

> Cac phan manh cua kiéu dudng chay déo c6 thé xem nhu 1a cac vat ran do bién dang
san va d¢ vong thay doi chi xay ra tai cac duong chay déo.

» Cac phan manh cia san ¢ trang thai can bang dudi tac dung cua ngoai luc va cac
momen udn, xoan, va luc cit doc theo cac dudng chay déo.

> Mot diém trong san dugc gan cho mat chuyén vi nho 6 theo hudng cua luc tdc dung.

o chuyén vi tai tat ca cac diém trong san d(x,y) va chuyén dong xoay cuia cdc manh
san quanh cac duong chdy déo c6 thé xac dinh dugc theo o va theo céac kich thudce
cua cac phan manh san.

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

I I w,0(x,y)dxdy = Z:WuiAi (6-3)
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v6i W, 1a luc tong cong trén mot manh cua kiéu dudng chay déo, A; 1a chuyén vi hudng
xubng cta trong tim phan manh, va X 13 tong cong cho tat ca cac phan manh.
> Phan lyc tai cac gbi dd khong tham gia sinh cong. Tai sao?
> Cong do cac ndi luc tac dong tai cac dudng chay déo chi giy ra boi cac moémen udn.
Tai sao ?
o Cong do lyc cit va mdmen xoan bang 0 khi tinh tong cong trén toan bd tAm san.

e CAc tac dong trén mdi mit cuia duong chay deo la bang nhau  nhung d6i dau nhu
mo ta ¢ hinh dudi, ma khong cé su chuyen dong tuong d01 gitra hai mdt cua
duong chay déo twong Gmg véi cac luc cit va cac mémen xodn.

lllllld}lllllllllllllIIIII
7

vield line

IIIIIII}{

Cong do mémen khang uon téi han trén mot don vi chiéu dai m,, tai mgt dudong chay déo
c6 chiéu dai |y noi ma goéc xoay twong doi gitra cac manh 1a 6, (xem hinh v€ trén) bang
- my,0,lo. Tai sao cong c6 dau am ?

» Cac moémen uon s€ tac dung theo chiéu ngugc voi hudng xoay trong ban néu chuyén
vi a0 la theo hudng cua tai trong tac dung.

Cong tong cong do cac momen khang ubn t6i han do d6 bang -Emynlo6, , khi tinh tong
cong trén tat ca cac duong chay déo. Phuong trinh cong 4o ¢6 thé dugc viét nhu sau:

D WA ->m,601,=0hay > WA =>m61, (64

/ /

cong ngogi cong noi
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Céc thong tin trén c6 thé duoc dung dé tim tai trong phan bd déu t6i han (w,) cta ban
vuong tua don gian trén 4 canh c6 chiéu dai canh 1a L. Gia thiét ¢t thép ban la ding
huéng véi m, 14 mémen duong khang udn téi han tinh trén don vi chiéu rong trong ca 2
hudng (x va y). So do ban, theo Park va Gamble, dugc mé ta nhu sau:

_L‘

MGt kiéu duong chay déo mic nhién duge mé ta ¢ hinh trén. Cac chuyén vi cua 4 phén
manh c6 thé dé dang duoc tinh theo chuyén vi & ctia diém E. Cong (work) thuc hién boi
ngoai lyc wy bang :

2
SW,a =4 Oy oy 120
473 3

4 hu dugc v& trong hinh trén la mgt mat cat doc theo duong DB. Tu mat cat nay, co thé
thay rang chuyén dong xoay ciia moi phan manh la nhu nhau cho tat ca 4 phan manh, cu
thé 1a :
0 0
0 =2(——)=2VJ2—
2
Téng cong do ndi luc bﬁng > Mynlg0, va vi my, = m, , téng cong do ndi lyc cua bai toan 1a :

> m, 10, = mu(2\/_ D \/_) 8m, &

Tai trong t6i han w, duoc tinh bang cach dat cong ndi (internal work) bang cong ngoai
(external work), cu thé nhu sau :

24m,
W =3

Anh hudéng cua goc ban san c6 thé lam kiéu chdy déo phtc tap hon tai cac vung goéc
(corner region) cua san, va co6 thé lam cho tai trong t6i han gidm mot it so vi gia tri trén.
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6.1.3 Cac thanh phan ciia cong do ndi luwe

Cbt 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 1a khac nhau: m,, # Myy

Vi hau hét cac san dang chir nhat c6 thép dat song song voi cac hudng x va y, va do cac
momen khang ubn t6i han tinh trén don vi chidu rong trong cac phuong nay thuong da
biét, nén d& tinh toan cac thanh phan theo cac hudng x va y ciia cong nodi gy ra boi cac
momen t&i han Xm,,lp0,. Cho mot duong chay déo nghiéng goc o so vai truc y , cac phan
manh san ¢6 goc xoay tuong déi 0, quanh dudng chay déo, cong ndi cé thé tinh bang:

- a1 -
T B L= “tm cus O Ty R
= i ‘_ n .

=%m B ocosbv,+ T B osndT
wmen So="wmw a

=%m H

P I L - By
e .1,"10 ="y

0

(6-5)

v61 0y, Oy 1a cac thanh phan cta 0, quanh truc x , y.
va X0, Yo la cac thanh phan hinh chiéu cta cac duong chay déo theo phuong x , v.

DPé minh hoa, mot 1an nita xét vi du mau san vudng canh dai I, cot thép dang hudng, da
néu ¢ trén. Mot goc cia vi du nay duge mo ta & bén dudi (theo MacGregor).

Bién AF la phan ntra canh AD va bién AG la phan ntra . & s
canh AB, nhu vdy 1/4 ban dugc mo ta ¢ hinh bén. Mot i
xap xi bac thang cho mot trong 4 duong chay déo ciing "

duoc vé. Chuyén vi diém E tai tim béan 1a 8. TAm ADE
chi xoay quanh truc y (0, = 0) va cong ndi cho tAm nay 1a:

=m,L,0, + m,L,0, e .
=m,(L)(20/L) + 0 = 2m,d N

Twong tu, tim ABE chi xoay quanh truc x (6, =0) vado
vay cong ndi cho tam nay la :

=m,L,0, + myL,0«
=0+ myL)(26/L) = 2m,d

Do d6, cong ndi tong cong bang tong cac cong giy boi 4
phan manh ban, cu thé 1a:

> m, 6,1, =2(2m,5+2m 5)=8m,3
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6.1.4 Cac vi du phan tich duwong chay déo

Vidul
Pé minh hoa tng dung ciia phan tich duong chay déo, xet ban chir nhat tua don gian trén
4 canh co kich thudc nhu mé ta dudi day. Cot thép ban 1a truc hudng. Yéu cau tinh tai
trong phan bd déu 16n nhat (w,). Biét cdc momen khang uén don vi theo phuong x 1a myy
=10 kip-ft/ft ; theo phuong y 1a m,, =15 kip-ft/ft.

Kiéu duong chay déo (tao moémen duong) duge dé xuit cho do vong giita nhip bang don
vi (8 = 1). Hai loai phan manh O, @ ciing duwoc nhan dang trong hinh duéi.

LIy rrs
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Cong ndi tinh bang: (void = 1)
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Cong ngoai tinh béng' (Vo106 = 1)
L. 1. ol
1 UGy R 2574 (—is4 =213 =0
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Do do:

300
(7

u=

187,5 5x

100)

Lam sao tinh duoc wy ? Bﬁng cach gan dw,/dx = 0 va gidi tim nghi¢m, hay bﬁng cach thu
1ap va ki€m tra sai s0. Phuong phap thu hai duoc ap dung & day voi két qua tinh nhu sau:

x (feet) wy (ksf)
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 1a vy do cic co ciu

khac co thé chi phdi su phé hoai . Xét co cdu ddi chirng khac nhu sau :

Cong noi tinh bang:

= 2(my A3

Cong ngoai tinh bang:

Do d6:

12,58

/ ¥
TJ.

< 125 —>S— (15 —>

)+2(muy>(25>(—) (24+ %)8

)+2015-29)(12 5)(—) 2y<§><§>]

= w, (187, 5 8 33y)8

W, =
187,5-8,33y

24+ 7%
y

Gidi bang thtr 1ap va kiém tra sai so,

y (feet) wy (ksf)
5’ 1,193
6’ 1,082
7 1,016
7,5’ 0,992

Vay tai trong pha hoai la bao nhiéu ? = w, = 0,932 ksi !!!
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a 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 c6 tinh tai.
032 - 14x (150% 1)

WL = 7 12 = 445 pst

Vidu 2
Xét ban vuong ngam 4 canh bén dudi, co chiéu dai canh L, va mémen khéng udn t6i han:
myx = Myy =m, cho udn duong (mat dudi ban)
m'y =m'yy =m'y cho udn Am (mat trén ban)

Tinh tai trong tap trung 16n nhat P tac dung tai tim ban. Biét chuyén vi tai tim ban 1a 8.

Cong noi tinh bang :

Q' + s
= 4|'t—[..ii'}r[r.v;'if +in, NE S(rnh +m1,)§r

A7

-

Tty

£ of panels

Cong ngoai 1a Pd va do d6 tai trong tap trung 16n nhat P cho béi cong thirc sau:

P=8(m,+m'))

Vidu3

Xét ban dang da gidc n-canh & hinh dudi, ngam theo chu vi, ¢6 chiéu dai phu bi L, cac
momen khang uon don vi bang :

myx = Myy = m, cho udn duong (mat dudi ban)
m'yx =m'yy =m’y cho uén am (mdt trén ban)

Tinh tai trong tap trung 16n nhét P tac dung tai tm ban. Biét chuyén vi tai tam ban 1a 0.
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T
Ltan—
i

Bay gio xét mot phan manh cua da gidc n-canh:

Cho phan manh don & hinh trén, cong noi bang :

)
B (L/2
va cong ngoai bang :
_P,

n
Do doé tai trong tdi han P 1a:

)(m, +m', )(Ltan)
n

n
P=2n(m, +m' )tan—
n

+Voin=4:

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

P=8(m, +m'y)|: (twong tur két qua o vi du 2)

+ V61 n = oo (ban hinh tron) :
o D7 2f
P=2n(m,+m' )(—+—+——+-
(m, o, ) BB

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

a hu vay két qua ciia vi du 3 c6 y nghia lién quan gi dén két qua ciavidu2? n 7= P, ¥

> 4 éu ung xir cia ban bi tai tap trung chiém uu thé, ban s& ludn bi pha huy kiéu tron
(circular pattern) nhu cac hinh bén dudi.

> Ca hai nghiém cua VD2 va VD3 bang nhau do nghiém 1a doc 1ap v6i chiéu dai L.

> Truong hop cac tai trong léch tAm (off-center) nhu thé nao ? & ghiém tuong fit nhu
hinh dudi bén phai:
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6.1.5 Kiéu hinh quat tron

Kiéu hinh quat tron bao gdm toan bd hay mot phan nén pha hoai (failure cone) va co kha
nang xay ra ¢ bat ky noi dau co tai trong tap trung hay phan lyc goi.

Xét ban dang hudng v6i méomen khang udn 4m va duong toi han lan lwot la my va m'y .
Xem quat tron trinh bay dudi day (theo Park va Gamble) nhu 1a mét phan cua kiéu duong
chay déo.

Xét cong ndi gdy ra bdi cac momen tdi han cuia phan manh gach chéo, néu tdm quat duoc
gan mot chuyén vi huéng xudng la 6 va phadn manh cé truc xoay la duong chay déo
momen am (dwong gach ngang).
. , A a1 Ta 0
Goéc xoay cua phan manh 1a 0, =—
r
va cong ndi gay ra boi momen to1 han la:

8
m,,0,lp = (m, +m', )(;)(rdd))
dbi voi toan bo non, néu ¢ 1a goc & tAm non, ta co:

¢
MunBalo = [ (g +m'y )(O)(rdd) = (my +m'y )50
0 T

So sanh két qua nay v&i két qua vi du 3 truée day cho ban da giac vdi s6 canh n = oo (ban
hinh tron). Cong noi tr phuong trinh trén viét lai la:

(my +m'; )6(27)|: twong tw nhu cong thirc & vi du 3.
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6.2

Mot truong hgp ma cac hinh quat can duoc xem xét dén trong phan tich dudong chay déo
duoc mo ta ¢ hinh dudi: san phang chiu tai phan bé déu voi kiéu pha hoai bao quanh mot
cot chir nhat. Vi du nay do Park va Gamble nghién curu.

€2

THIET KE SAN THEO PHUONG PHAP PUONG CHAY DEO

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

Gidi han ty 1é thép doc trong khoang |p = 0,4 — 0,5pp,1 | dé san c6 d6 déo (ductility) cao.

Dung so do bo tri thép trong tu nhu phan b momen dan hoi, nghia la:

— + 0.85B,7."¢  87.000
o IM™=15->2,0M (], [fc]=MPa)>| pp= f; : [3?,000 + fy] E&-1)

o B tri thép tai cac goc canh (corner)

o Cit ¢t thép 1a duge phép nhung phai chic rang khong tao thanh mot co ciu dudng
chay déo moi, vi du:

Ludi thép mat dudi Ludi thép mat dudi

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

o Dung tiéu chuan vé chiéu day tdi thiéu

o Kiém tra néu c6 sin cac 10i giai dan hoi.

Dung nguyén 1y cong tac dung (superposition) dbi voi td hop tai trong (luc phan bb w, va
cac luc P), nghia 1a, thiét ké doc 1ap cho moi trudong hop tai trong, sau d6 phoi hop lai.
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TAI SAO CAN BO TRi THEP TAI CAC GOC (CORNER) ?

m=wl2/24 =wlL2/22 m=wL21.7

~Corner ettects in yield ling theory.

[ ]
N

Borttom rebar Top rebar
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Bai tap 1: (SV ngp)

Mot ban BTCT tua don trén 4 canh qgoai trir khu \(uc‘co' 16 vudng tai goc, kich thudc ban
nhu hinh 1 dué6i day. Tai trong q [kd /m’] phén b6 déu trén ban. Thep doc mat day theo
phuong y c6 mémen chay déo la 2mp [k m/m]; thép doc mit day theo phuwong x cd
momen chay déo la m,, [ka m/m]; gia s mat trén khong c6 cdt thép.

a)- Hay thiét lap 2 kiéu dudng chay déo hop 1y cho ban chiu tai trong q

b)- Gia sir c6 kiéu dudng chay déo ciia ban nhu hinh 2. Cho biéta=2m ;mp =6 ka m/m.
Xac dinh tai trong chay déo phan bo déu q

A(_B 9
/ | - _)q
y : N
o I " e
T 7 [ T Za |
A | A L)
|
| i . 7
* mp | _: =
! | B e
' 2mp I & N
! a L
Thép mit dudi ”” "B
. e Miit cit B-B
l 28 a
q
VI RV VI Y P A
aN PN
Mit ciat A-A
Hinh 1: Kich thuéc bin BTCT
le B
/ ! -
|
i a
v/
_¢;_/ ______________ - _. _/_‘.1\_ a
A A
a
g )
< Miit cit B-B
2a R A a ;
Mit cit A-A
Hinh 2: Kiéu dudng chdy déo cho cdu hdib
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Chuong 7: PHAN TiCH & THIET KE HE SAN:
PHUONG PHAP DAI

7.1  PHUONG PHAP PHAN TiCH CAN DUOI

Trong phuong phap phan tich can dudi (lower bound method of analysis), mot kiéu phan
phoi mémen trén toan ban hay san dugc dé xuat sao cho:

> Céc diéu kién can béng duoc thoa man tai moi diém cua san.

> Tiéu chuan chay déo dé xac dinh cudng d6 cac phan tir san khong dwoc vuot qua mirc
tai bat ky noi nao cua san, nghia la: Myguciu - My <0

> Tuan theo cac diéu kién bién.

Stre chiu tai t61 han (ultimate load capacity) cia san duge tinh toan tur cac diéu kién can

bang va kié}l phan phoi ‘mf)men. Véi moét san cho trudce, tai trong td1 han duoc tinh nhu

vay hoac thap hon hay bang nghiém chinh xac (nghiém duy nhat).

> Piéu nay nguoc véi phuong phép duong chay déo ma tai trong dugc tinh toan hoac
cao hon (khong than trong) hay bang nghiém chinh xac.

> Phuong phap can dudi thuong duoc xem 1a phuwong phap can bang.

> Hillerborg dé xuét cac phuong phap can bang dé thiét ké san vao thap nién 1950.

> Cung cip thong tin kiéu an toan hop 1y vé su phan phdi mémen va luc cit trong ban.

7.2  CAC PHUONG TRINH CHU YEU CUA PHUONG PHAP CAN DUOI

Xét cac luc cit va momen udn tac dong trén phén td san chiu tai phan bd déu w dudi day
(theo Park va Gamble):

%

/T“V

y
{a)

All shears and moments are
per unit width

) o)

» VyvaV,lacac luc cit trén don vi chiéu rong
» m, va my la cic momen uon trén don vi chiéu rong
» My, = My, la cic mOmen xodn trén don vi chiéu rong
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7.3
7.3.1

Can bang luc cit tir phan (a) va (b) cta hinh trén din dén:

oV
oV, +—L=-w (7-1)
0x oy
Can bang mdémen quanh truc y di qua giira tim phan t6,
0
om, My _y, (7-2)
0x oy
Can bang mdémen quanh truc x di qua giira tim phan t6,
0 0
m, m,, _ Vy (7_3)

oy 0x

Lay dao ham hai phuwong trinh (7-2) va (7-3), sau do thé két qua vao phuong trinh (7-1), ta
s€ co phuong trinh can bing noi tiéng cho tim, ma duogc ap dung bat chip (a) tim & giai
doan dan hdi hay chay déo, (b) tim 1a dang huéng hay truc huéng.

2 20%m a%m
0 my n Xy n y - —w (7_4)
ox > 0x0y 8y2

Pé c6 duoc cac nghiém can dudi cua cac phuong trinh can béng tAm:
> Tai trong w ¢ thé dugc phan chia theo ty 1& bat ky giita cac dai luong:
2
Xy o“m
oxoy oy

_52& _ 20°m

» Tai trong c6 theé dugc chong dd boi su phoi hop bat ky cia cdc momen uon va/hay
momen xodn theo cac hudéng x va y.

PHUONG PHAP DAI HILLERBORG
Gidi thiéu
Phuong phap dai (strip method) la mot phuong phap thiét ké giéi han khac v6i phuong

phap duong chay deo. Méc dau sy phan phdi mémen (uon va xoan) dé mic cho nguoi
thiét ké quyét dinh, nhung phai str dung phuong phép dai can trong,

Vi sao vay? Vi mot phuong an lga chon kém vé su phan phéi tai trong c6 thé gay ra do
nut va d§ vong dang ké. a hu mdt qui luat, phuong an phan phdi tai trong hop ly nhat 1a
nén theo cach gan vdi su phan phoi dan hoi.

Tro lai phuong trinh can bang (7-4), vachay rang tai trong c6 thé dugc chdng dd boi bat
ky su phdi hop nao ctia cac momen udn hay/va xoan trong hai phuong, Hillerborg cho s6
hang thir hai (mémen xoin) bang zero, sao cho:

+ =-W (7-5)

dé tai trong chi dugc chéng d& boi momen udn trong hai phuong x va y. Khi 1am nhu vy,
tam cd thé dugc chia thanh mét hé thong dai trong hai phuong x va y.
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Phuong trinh (7-5) ¢6 thé duoc thay thé bing hai phwong trinh sau (ding qui wdc trén
hinh v€ ¢ trang 1):

0’m . .

PV -YW (7-6a) — udn theo phuong x
0’m v .

oy =-(1=-7)w (7-6b) — uodn theo phuong y

Trong phuong trinh (7-6), ngudi thiét ké chon lya gia tri v (0<y<1).aéuy=1, toan bd
tai dugc truyén theo hudng x . & éu y = 0, toan bo tai duge truyén theo huong y. Bat chap
tat c4, nguoi thiét ké phai cung cap mot phuong céch phan tai (load path) hop 1y.

Céc phan tiép theo trong chuong nay trinh bay thong tin vé mg dung phuong phap dai
cho cdc loai h¢ san. Cac hinh dung dé mé ta phuong phap sir dung ky hiéu qui uéc dudi
day cho cac diéu kién bién.

Canh ty do (khong gdi tua)

/ALY . Canh gbi twa don gian
R RS RIS REEEEISE Canh bi ngam
O Cot

7.3.2 Cac vi du cia phwong phap dai
Xét mot tam san vudng tai trong phan bd déu w, cd chiéu dai canh |; va I, . Moi canh san
g01 don gidn 1én mot dam, va dam goi 1én cot dat & cac goc san.

A

T beam {4 total)

|

1

1

|

I

|

1

1

1 BN oy
"
1

|

|

|

1

1

1

|

]

(I=yn

h

hY A
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aéul; ~ 1, thi hop 1y gany=0,5.
Vi viéce tinh toan momen tinh & phuong trinh (5-1), chuong 5, gid tri moémen quanh truc

2
x-x di qua tAm san bang; M, = I =Ma_A

_ (Wil _ ywlylf

V61 nhip san theo phuongy : Mg = < 2 (7-7)
2 2
V6i nhip cac dam theo phuong X : M peams = 201 y]w8(0,512)11 _U Y]8W1211 (7-8)
, ) wl 2112
Tong momen trong san va cac dam: > M = M . + M peams = s My (79

Vidul

Xét mot san chit nhat gbi don gian 1én cac twong xay nhu hinh dudi. Thong tin vé vat liéu
va tai trong xem ¢ bang kem theo.

b} £ 1 ki
W71 277177724
7 / 7 60 ksi
g g
=20 5 1w :’/ W, ERRS

! / A
A A
e
4 4

VPl d L s
— i =i —>
Gia thiét rang y = 0.5 ta c6 momen My quanh truc x :

_ 2
v G o,5)é0,3)30 — 16,9 kip-f/ft

y

va momen M quanh truc y :

M - (0,5)(08,3)202

X

= 7,5 kip-ft/ft

a éu san day 8”, chidu cao hiéu qua (theo timg hudng) gia sir xap xi bang d = 6,5”. Gia sir
rang cuong do chiu udn (m,) cua san c6 thé tinh toan theo ACI 318 nhu sau:

A A f
m, = ¢beyd(1—0,59 S—;f—y) (7-10)

C

Str dung cdt thép #6 (A, = 0,44 in”) va ¢ = 0,9, cac budce yéu cau cdt thép san (s) nhu sau:
o Thép phuong x: #6 c6s,=8,7" (cho mdémen M, )

o Thép phuongy: #6 cd sy =19,6” (cho mémen M)
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Tong chiéu dai cbt thép #6 trong san 1a :

12 x 20 12 x 30
ZL:I—YI e St 30 22 20 = 1195
Sy * SX Y 8 77 19 9

Vidu2 [ LLELLLLLLIILIIILNLY,
) v Y
Céc thong so tuong tu nhu vi du 1 nhung ? Ay ?
p=200 % w
y=0,75 ‘ Z Z
L7 Z
_v) = ” /A

(I-y)= 0,25 FIITII7I7I77 77777777,

Tt hinh trén:

= | =3 ——>

:w: 8,4 kip-fu/ft

M,
2
M, = w = 11,25 kip-f/ft

Déi vai san day 87, chiu cao hiéu qua (theo timg hudng) gia sir xap xi bang d = 6,5
Str dung cbt thép #6 (A, = 0,44 in?) va ¢ = 0,9 , cac budc yéu cau cbt thép san (s) nhu sau:
o Thép phuong x: #6 c6sy=17,4" (cho mémen M, )

o Thép phuongy: #6 c6 sy =13,0” (cho méomen My)

Tong chiéu dai cot thép #6 trong san 1a :

1
ML=l +1—"1y:12><2O x 304 1230 x 20"= 968’
Sy S 17,4 1 s

X

Lam thé nao c6 thé chon dugc phuong cach phéin phbi tai trong tét hon (gia tri ) ?

» Xét hai dai ¢ tam san theo cac hudéng x va y:
o Hai dai nhu hinh vé du6i (nét dam va nét durt)
o bJ vong tai giao diém 13 nhu nhau: W1114 = wz124
4 4
ﬂzl—f‘ﬁo—éﬁs,l va do d6 chon y = 0,83
W 11 20

> C6 thé chon y = 1.0 nhung ngudi thiét ké cling phai can bb tri thém ¢t thép chiu gidn
nd nhiét va co ngét (temperature and shrinkage rebar) cho san.
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Vidu3

Vi du 3 c6 cac thong sb vat liéu va kich thudc tuong tu nhu hai vi du trén. Vi du nay gidi
thiéu cac Puong gidn doan (Discontinuity Lines) ma xuat phat tir cic gbc cua san. Puong

gian doan khong phai la duong chdy déo. Cac duong nay dang nét dut vé€ ¢ hinh dudi :

}
= 7]
~ ’ g 1
N A ® 2 y, __J S’
=2 7 10 R
1 L= )
. e N \9 .
’, ~ S
s d \\ 5 ':; i
’ ~ .
k10 sfe— 10—k 103 L
{ a0 (s TN
4 [ 6
A k. e

«—— 1 =30 —>

Dé minh hoa cho qué trinh phan chia tai trong cho cac dai, xét dai 3 & trén. Dai 1 twong tu

dai 3. Dai 3 c¢6 nhip 30’ va chi co chiu tai trén dai nay.
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Cao hoc: Xay Dung Dan Duyng va C(}ng é gl}iép’ Bai giang: Prof. Andrew Whittaker
Mo6n hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Dung phuong phap nay, c¢6 thé xem cac dai nhu cac phan tir dim 1-phuong. Tai trong va
momen tinh toan dugc thiét 1ap cho tung dai.

Xét cac dai phuong ngang, cac biéu dd tai trong va momen tinh duoc cho cac dai 1, 2, 3
nhu sau :

Strips 1and 3

[\ $ Sw, =15 kapsft over a 37 wadth
Loads: T /‘\

MMoments: \Al( (125w ) \'% =6.25 kip-ft over a 57 width

Strip 2

$ 10w, =3.0 kupsfi over a 10" wadth

Mamens- \ // $ 2916w =875 kip-ft over a 10" widih

Loads:

Chuong 7: PHAA TICH & THIET KE HE SA4 : PHUO4 G PHAP DAI



Cao hoc: Xay Dung Dan Dung va Cong é ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Twong tu xét cac dai phuong dung, cac biéu do tai trong va mémen tinh duoc cho cac dai
4,5, 6 nhu sau :

10— — 10—

Strips 4 and &

\JA/ ]Dwi_ =20 kipsfravera 107 width
Laads: '

i A

N L L
Mvloments: \_/ ¢ [SD“E.-}\sz kip-ft over a 107 width

[
&

$ 1w, =20 kipsAr aver a 1 width
Loads: '

I M

Loments. ® (10w )~ 207 o _
ottt k_/ + =130 kip-ft over a 10" width

a ghiém bai toan 1a b tri thép trong cac dai 1-6; gia thiét chiéu cao hiéu qua san d = 6,5
va thép #6 dugc dung dé gia cudng san. Két qua tinh dugc 1ap thanh bang. Chi ¥ rang
phuong phap nay dung cdc momen trung binh khong hoan toan chinh xac, ma sy phan
phéi lai tai trong s€ xay ra tai giai doan tdi trong toi han.

Dai Chiéu rong Chiéu dai M, My,avg Budc thép Phwong
(inch) (inch) (kip-ft) (kip-ft/ft) (#6)
1 5 30 6,3 1,25 117 X
2 10° 30 87,5 8,75 16,8 X
3 5 30 6,3 1,25 117 X
4 10° 20° 50 5 29,3 Y
5 10° 20° 150 15 9,8 Y
6 10° 20° 50 5 29,3 Y

Bo qua mdt bén kha ning cit bot thép san, voi thiét ké bd tri thép san theo cac dai 1-3
(phuong X) va thép theo cac dai 4-6 (phuong Y), ta c6 tong chi¢u dai thép cua nghiém
trén 1a 654" : giam dang ké so vdi cac vi du trude (vi du 1 va 2).
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Vidu4
Vi du 4 c6 céac thong sb vat liéu va kich thuée tuong ty nhu ba vi du trén. Vi du nay gioi
thiéu cac Puong gidn doan (Discontinuity Lines) ma xuat phat tir cac géc cia san. Puong
gian doan khong phai la duong chdy déo. Cac duong nay dang nét dut vé€ ¢ hinh dudi :

R

l‘"‘\.
-
.
i
-~

Z
M
__ < =
53]
k10 sk — 10— 10

Qua4 trinh tim nghiém nhu vi du 3. Tong chiéu dai thép yéu cau cho phwong 4an duong
gian doan nay l1a 736°, gia thiét khong cat bdt cot thép. Trong khi do, tong chicéu dai thép
yéu cau cho vi du 3 1a 654°.

Céc biéu d6 tai trong trén cac dai tir 1 dén 6 duge mo ta bén dudi :

e 10 e 10k 15>

Strips 1 and 3 / M

Strps 4 and 6 j-—ﬁ-vb
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Cao hoc: Xay Dung Dan Duyng va C(}ng é. gl}iép' Bai giang: Prof. Andrew Whittaker
Mo6n hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Vi du trén d3 néu van dé can luu y trong vi¢c chon Puong gian doan xuét phat tir cac canh
san. Xét san chir nhat bén dudi bi ngam ¢ 2 canh va goi don gidn trén 2 canh con lai. Lua
chon nao la hop 1y doi véi 6 kich thudc a, b, ¢, d, e, £?

VLI LSS LI LI

et ? A Choose e a{
% ﬁ a d
L / *
f Why"
?" b
2 v * Load will be transferred 1o the
g * stiffer support
: e
|
< d = [ S =

7.3.3 Lua chon céc chiéu rong dai san
Khéng co qui tic dic biét chon cac dai trong phan tich va thiét ké san. a guoi thiét ké phai
nhén biét rang mot murc dd nao do ve tai phan phoi tai trong s€ xdy ra tai trang thai t&i han
- vung qua tai s€ dugc lam nhe bdt qua sy tai phan tai. Viéc thur thach 1a :
> Thiét ké thép san véi dd déo cao (1, /') dé lam thuan lgi cho tai phan phéi tii trong,
nghia la thiét ké véi gid tri nhé cua p=Ay/bd. Gia tri mau cta d6 déo tdi han Ly dugce

trinh bay dudi day:
p giam 0,020 0,015 0,010 0,005
Ly tang 4 6 10 23

> Chon bé rong dai sao cho khong qua thira tai phan phdi tai trong :
o giit dai twong ddi hep

o chon kiéu phan bé tai trong (load path) twong tu nhu phan phdi dan hoi.
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Park va Gamble trinh bay mot s6 vi du dudi ddy. Gid tri bé rong nao 1a hop 1y cua dai aa
va dai bb trong céac vi du nay ?

Biscontinuity lines
x
{
Load on
strip ag
., —_— b
w, ;
Cringnun ey jr
limes
TF

Lt o
srip b
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Cao hoc: Xay Dung Dan Duyng va C{)ng ?1 gl}iép' Bai giang: Prof. Andrew Whittaker
Mo6n hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Crisconknuity bnes

.

Lopd o
g bE
H.I...
L ?‘]"' ead on
r Hrip aa

7.3.4 Cac duwong gian doan tir cac goc san

Cac duong gian doan dugc gioi thiéu trong cac vi du ¢ phan trudc. Hillerborg da dé nghi
mot s6 nguyén tic cho nhitng dudng gidn doan xuét phét tir cic gdc vudng san:

1. Puong gian doan nén chia doi goc san tao badi hai canh ngam giao nhau (hinh a) hay hai
canh gbi twa don gian giao nhau (hinh b): 0, = 0, = 45°.

2. 4 0i giao nhau cia mot canh ngam va mot canh gdi tya don gian (hinh c), duong gian
doan nén chia goc vuong thanh hai goc nhon sao cho: 6, = 1,560, dén 26, .

o Taisao ? taitrong s€ truyén vé phia c6 do cung 16n hon.

Céc qui tic nay dugc biéu dién ¢ hinh dudi (theo Park va Gamble).

e o

)

C

)

‘TI‘_‘ITI-’:"IT.T‘:'I:':

la} (#:1]
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Cao hoc: Xay Dung Dan Dung va Cong é. ghi¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

7.4  DAI CUNG TRONG PHUONG PHAP DAI
Phuong phap dai trinh bay trén day khong thé giai cho cac bai toan sau:
> San c6 khoang trong (opening)
» San c6 goc 1om (re-entrant corner)
» San co canh ty do (free edge)
> San khong dam (beam-less slab) v6i gbi tua cot

néu khong st dung dai cung (strong band) dé gitp phan phdi tai trong dén gdi ta. Mot
dai ctng 1a dai san véi bé rong hop 1y c6 mot lugng thép tap trung va hanh xur nhu mot
dam. Thuong chidu cao dai cing bang chiéu cao san nhung c6 thé day hon dé cung cap d6
gia cuong doi hoi. Viéc sur dung dai cing dugc minh hoa ¢ cac vi du dudi day:

Vidul

Xét san chir nhat bén dudi bi ngam trén 3 canh, va 1 canh con lai tu do. Tai trong t&1 han
la w, . Dai cling c6 chiéu rong b dugc t6 sdm nhu trong hinh v&. Chtl y hé s6 phan tai
trong vy = 0,5 (hop 1y ?)

RRRRRARRRRRRRILRRRLLRRRRKS

Trén mat ct A-A, tai trong dugc phan phéi nhu sau:

5w
_ / "
] "‘I\'(— the reaction at the RHE 1s

— ; R provided by the strong band

Ty

Biéu d6 mémen (M) cho truong hop tai nay 14 :

ly - b/2

voO1: My = Rx - O,25wux2

MXI R Cha y:
R + Rygam = 0.5 w, (I, - b/2)

X

Chuong 7: PHAA TICH & THIET KE HE SA4 : PHUO4 G PHAP DAI



Cao hoc: Xay Dung Dan Dung va Cong é. ghi¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

V6i dai clmg, ngudi thiét ké c6 thé chon bat ky gia tri ndo cho phan lyc R nhung hop 1y
nhat 1a chon nho hon phén luc ding tai ngam (R < Rigam). Trén dai climg, phan phdi tai
trong nhu sau:

/

R+ O.Sbw“

Vidu 2

Vidu 1 trinh bay mot st dyung don gian dai cing. Trong vi du do, hé truyén tai 13 1 rang ,
cu thé 1a san truyén tai xubng dai cing va dai cling truyen tai xuong tuong. O vi du dudi
day, Park va Gamble trinh bay su dung dai cing dé thiét ké khung BTCT bao quanh
khoang trong cua san. San khao sat gdi don gian trén 4 canh va c6 mot khoang trong
Huéng phan bd tai trong cling duoc mé ta cho cac dai san va dai cimg ¢ hinh duéi. Bon
dai cimg (SHSHIGHER) 12 22, bb, cc, va dd.

5 4 3
£ *] d .‘.—l
LULRNRR RN N c 4 4 5
R i
! R
N —R
ZH% -— ~§_+2
b\.-—-—-——- N
TSNP N_#
N N
N \
RN AN ¢ d 3 4 5

[ o
5 4 3
B strong band
7y Y
m R, of strong band
f—

Cac dai cung dugc dit trén 4 canh cta 16 hong. Céac dudng gian doan cho san cling duoc
mo ta & hinh trén. Cac dai san truyén tai theo huéng cac miii tén nhu hinh v& : dén cac gbi
don gian, dén cac dai cing, hay ca hai (chu ¥ véi cac hé sd phan tai y; khac nhau). Hé
thong truyén tai cho cac dai cimg nhu sau:

> Céac dai cing aa va bb chuyén tai dén cc va dd.

» Cac dai cling cc va dd truyén tai xudng cac goi don gian.
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Cao hoc: Xay Dung Dan Dung va Cong é. ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Twong ty, phuong phéap dai cting ¢6 thé dp dung cho san chiu tai phan bd déu trong cac
truong hop san c6 goc 10m va san khong dam cé cot d6. (xem cac vi du minh hoa dudi
day cua Park va Gamble).

Vidu3

O céc san c6 goc 10m, cac dai ciing dugc dat tai cac goc 10m dé truyén tai san truc tiép
xudng cac goi do.

A Y

\\\\\\\\\\\\\\\\\\\‘ﬁ\\\\\\\\},

S

N N Y 7

N % N N N
N % N N N
e N I A R
N 77227778 \ N
\ 7 \S I AR
N A ~~strong N N

Y Ay o Strong
N g bands N % o
A R

O cac san khong dam, cac dai cirng dugc dat tai truc giao nhau & phia trén cot d& san.

\\\\\\\\\\\1\\\\\\‘}\\\\\\\\\\\\\\}K‘M .
\ \
N \
§ B B N
3 N
N 7 N\
e vz b
Q {////g e /l/f,z%&mngbm
N N
] Column

3 . \
N / N
Y - / T N
N N
N N
\ \
N 7 RS

e
Strong band

Phuong phap dai cting ciing c¢6 thé ap dung cho to san chiu tai trong duong (line load), vi
du ray cau truc.

Vidu 4

Xét ban c¢6 goc 1om chiu tai trong duong nhu sau:

e

/ line load

:
:

Phuong an phan tai (load path) hop 1y nhét cho cac dai san va cac di cimg nhu thé nao ?

Chuong 7: PHAA TICH & THIET KE HE SA4 : PHUO4 G PHAP DAI



Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andre‘w Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

7.5

Mot phuong &n phan tai kha di hop 1y nhu sau:

S
c b tdi trong dudng

v?
+@ } G;?

LY r

> Ving ® ciia san phan tai nhu trén, hé s6 phan tai y nén 1a bao nhiéu?

> D:éli cung aa, chéng dd mot phﬁn ving @, c6 mot dau ndi vé6i canh ngam va mot dau
noi voi dai cig bb.

> Ving @ cta san phan tai dén cac canh san va dai cting bb.

> Dai cling cc chi chdng d& tai trong duong ma khong nhan tai tir ving @ (€ hai phia):

> Dai cimg bb chiu tai truyén tir cac ving ® va @ va mot phan tai trong tir dai cimg aa.

THIET KE SAN THEO PHUONG PHAP DAI

Mot sb qui tic chinh cho trién khai c6t thép trong thiét ké san theo phuong phap dai:

Dung mdt ham luong thép san nhd: p < 0,5 ppa dé su tai phan phéi tai trong san dugc
thuan loi (p = Ay/bd).

Cung cap thép tbi thiéu chéng nhiét va co ngdt (p > puin).
Gidi han budc thép nhé hon 2 1an chidu day san (s < 2h).

Khong cit thép & mat day san va keo dai thép ¢ day vao gbi twa mot 'khoang bang 6”. Cit
thép mat trén tai cac diém u6n; ding mot ude tinh an toan cho cac diém ubn gia thiét.

Cung cap cdt thép gia cuong cdc gdc mat trén san va kéo dai mot khoang bang 20 % nhip
san (xem hinh a).

Cung cip cbt thép chdng xoidn doc theo canh san ty do (xem hinh b) _

¥

a)- b)-
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép

Mon hoc: Phan Tich Ung X & Thiét Ké Két Cau BTCT

Bai giang: Prof. Andre‘w Whittaker
Bién dich: PhD HO Hiru Chinh

Bai tap 1: (SV nop)

Mot ban BTCT tua don trén 4 canh ¢6 kich thudc nhu hinh dudi day. Tai trong w phan bd déu
trén ban. Thép doc mat day theo phuong y c6 mémen chay deo 1a Myy = 12 kip-ft/ft; thep doc
mat day theo phuong x c6 mémen chay déo la My, = 8 kip-ft/ft; gid st mat trén khong cot thép.
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1. Hay thiét 1ap cac kiéu dudng gian doan phédn tai hop 1y theo phwong phap dai cua

Hillerborg.

2. Tim tai trong cho phép 16n nhat w, va so sanh vé&i phuong phap duong chay déo cua

Johansen.

)
A
/‘\ (1—"1()1"' \
s
,/
\L w e

Bai tap 2: (SV nop)
Xét §éln chitr nhat bén dudi bi ngam ¢ 2 canh
va goi don gian trén 2 canh con lai (Ik = 307;
ly = 207). Tai trong w phéan bo déu trén ban.
Bo tri thép doc theo ca 2 phuong c6 mdmen
chay déo:

- 0 mat trén 1a My = 18 kip-ft/ft

- & mat dudi 1a M, = 12 kip-ft/ft
Gia sir c6 kiéu duong gian doan phén tai
theo phuong phap dai nhu hinh bén. Tim tai
trong cho phép 16n nhat w,

sy,
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Cao hoc: Xay Dung Dan Dung va Cong Nghi¢p Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Chuong 8: MO HINH GIAN AO: KHAI NIEM & MO HINH

8.1 KHAI NIEM CHUNG

Céac mo hinh “gian 40”, hay mé hinh “chéng va giang” (Strut and Tie Model) duoc gia
tang str dung dé thiét ké va trién khai c6t thép trong cac thanh phan két cdu BTCT chiu tai
trong dtng va tai dong dat. Nhitg mé hinh nhu vay duoc trinh bay trong cac chuong 8 va
chuong 9 vi chung thuc s hitu ich trong thiét ké:

> Lién két dim-cot trong khung chiu mémen va trong mii cau (bent cap).
> Vach cing (shear wall) v6i khoang trong hay 16 hong 16n.
> Mobng tru cau giao thong

> Phan dau dam (end block) cua dam cing trudc hay cang sau (pre- and post-tensioned).

, jl,_b.'?, .el,_| Bk
I K.
e _l_

Section 1-1 Section 22

ko 1 pad
llJlJHJLllJlﬂHlHHlHlJlHHlHHlHHlHllllJllllJllJHJlJHJlJlHlJ,-_lHlJlHHlHlHHH‘]JlHlHHHH

Trong cac chuong 8 va chuong 9, m6 hinh gian ao dugc trinh bay cho thanh phan két ciu
BTCT chiu tai trong dtig nhu dam cao, vai cot d&, va cac lién két dam-cot.

Céc md hinh gian ao duoc gidi thidu trong ACI 318-02 & cac phan sau:
> §10.7 (DAm cao - Deep flexural members)
» §11.8 (Cac diéu khoan dac biét cho dam cao - Special provisions for deep flexural members)

» §Appendix A (M6 hinh gian 40 - Strut-and-tie models)

Schlaich va dong sy luu ¥ rang cac thanh phan két cau BTCT chiu tai trong boi:

> Trudng tng suit nén (truong tng suit nén bé tong).

> Giang chiu kéo (cdt thép, ting do ng sudt trude, trudng tmg suit kéo bé tong)

Vi cac muc dich phan tich, cac mé hinh gian 4o gom lai tit ca cac (mg suat nén va cac

giang chiu kéo, ro1 ndi chung véi nhau boi cac nut (node).
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Cao hoc: Xay Dung Dan Dung va Cong Nghi¢p Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

8.2 CAC VUNG KHONG LIEN TUC

8.2.1 Giéi thiéu
4uuuuuummumu

"D B =D B D|Y

—ll?_;- Il?.i- I'-l'.i- h.i‘ '
ey |_ h-l |_-| |_ —I mlHllHllHllthlHllHlHJJ_hHl
il ~3rfe-5.. D R e
At i ! H'i""_l ey
o "_1'?1._

I F

i, b

—d s

I:D:|—|— |__|:jl !

Theo 1y thuyét mé hinh gian a0, mot thanh phan két cdu nhu dam hay vai cot c6 thé chia
thanh hai vung:

> Vung B (B viét tit cia Beam hay Bernoulli)
> Vung D (D viét tit cua Discontinuity hay Disturbance)

Trong vung B, co the ap dung 1y thuyét dam, cu thé 13 cac mit phing van phang sau khi
udn. Cac noi ung suat trong cac vung nay c6 the tinh d& dang tir ndi luc cua tiét dién
(moémen udn va xoan, luc doc va luc cat). Néu tiét dién khong nut (M < M,,), cac ndi ung
suét tinh dugc nho cac dic trung cua tiét dién nhu dién tich tiét dién (A) va momen quan
tinh (I). Néu tGng suét kéo vuot qua cudng do chiu kéo cua bé tong ( M > M., ), mo hinh
gian (truss model) dugc su dung.

Gia thuyét Bernoulli 14 co s& cua nhiéu phuong phap thiét ke va phan tich ky thuat két
cau. Gia thuyét nay la khong gia tri trong cac vung cua két céu hay cia cau kién ma phan
phéi bién dang 13 phi tuyén dang ké. Cac vi du cia ving nhu vay la:

> Ving gan tai tap trung (bao gdbm viing gan gbi tua)
> Céc goc va cac lién két cua khung

> Vung gan 16 hong

Céc viung nay do phan phdi bién dang phi tuyén 16n duoc goi 1a cac ving D. Néu ving D
khong bi niit, ¢6 thé phén tich chiung bang phuong phap tng suat dan hdi tuyén tinh. Tuy
nhién trong nhiéu truong hop, ving D s& nut va khong thé ap dung 1y thuyét tuyén tinh
dugc nita. M6 hinh gian 4o da dwoc phat trién dé phan tich va thiét ké cho cac ving D bi
phé hoai do nut.
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Cac vung D méu c6 phan phdi bién dang phi tuyén do (a) khong lién tuc hinh hoc, (b)
khong lién tuc tinh hoc (tai trong) dugc Schlaich va cong sy mo ta dudi day:

.
e T g
hy Iy “ _Wjﬂ_ * }
GL= e T

oy T [
= -

+ bt £

o) Geometric discontinuities (h) Loading and geometric discontinuities

Trude khi ban luan vé cac phuong phap phan tich va thiét ké cho cac vang B va D, can
biét phuong phap phan chia mét thanh phan két ciu nhu dim cao thanh cac vang B va D.
Vi muc dich nay, can thiét danh gia img xir ctia thanh phan két cau ¢ giai doan khong nut.
Xét mot nira dim chiu tai dGng tim nhu hinh v& dudi day (theo Schlaich et al.). Trinh bay
trong hinh 1a cac duong dong tng suét véi gia thiét vat liéu dan hoi tuyén tinh.

{ |

/

- Trong ving B cac dudng dong tmg suat thay doi tir tir.
- Trong 2 vung D cac dudng dong Gmg suat thay doi gip.
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Cao hoc: Xay Dung Dan Dung va Cong Nghi¢p Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Dé phan loai dung cac vang B va D, phai xem xét ca hinh hoc va tai trong; chi xem xét
hinh hoc 1a khong day du. Schlaich trinh bay su phéan chia cac thanh phan két cau thanh
cac vung B va D dua trén cd hinh hoc va tai trong nhu sau:

a. Phan vung trong cot

lo} "I ic) (dl
h
rf; 7/ N— - Enlu'&h ;}
7
0 %
+ B
© ok o
W %
oo i ]

I
l

b. Phén viing trong dAm
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b) BEFIRRH AL
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&

iz

c) l o
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izl
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A% 7 T,
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d)
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

8.3 PHUONG PHAP THIET KE VA MO HINH TOAN
8.3.1 Phan tich hé khung
Phuong phéap phan tich gi thich hop cho hé két cau siéu tinh nhu dam lién tuc hay khung?

> Cac phuong phép phan tich dan hoi thich hop cho trang thai gi6i han dich vu (service
limit state), khi ma ung xur toan bo két cau hodc 1a khong nut hodc 1a xem nhu ntt véi
cac g suit kéo thip hon mg suit chay déo. Cac phuong phap dan hoi ciing c6 thé
duoc dung dé udce tinh nghiém an toan cua tai trong toi han.

» Céc phuong phap phan tich déo thich hgp cho viéc xac dinh mot nghiém thuc cua tai
trong to1 han.

8.3.2 Mo hinh hoa cic ving B va D
Tiép theo su phan tich khung két ciu dé xac dinh cac ndi luc trong cac vung B va cac luc
bién trong cac vung D, c6 thé thiét ke va trien khai cot thép cho cac thanh phan két cau.
> Dbi v6i cac ving khong nirt (B va D), ¢ thé dung cac phuong phép chuin dé phan
tich ing suat cua thép va bé tong.

> Néu cac ung suét kéo trong cac ving riéng 1é B hay D vuot qua cuong do chiu kéo
cua bé tong, cac ndi luc nén tinh todn bang phuong phdp gian 4o (strut-and-tie
procedure) s& dugc ban luan ¢ cac phan tiép theo.

Phuong phap gian 4o twong d6i minh bach, bao gdm 3 budc chinh nhu sau:

1. Phat trién mo hinh gian ao duoc giai thich dudi day. Cac thanh chéng (strut) chiu nén
va cic thanh giang (tie) chiu keo lam ¢6 dong hay thay thé cac truong tmg suat that bai
cac hop luc dudng thang va tip trung d6 cong cua chung tai cac nut (node).

2. Tinh toan cac luc chong va giang, ma phai thod di€u kién can bang. Cac luc nay la cac
noi luc vira néu ¢ phan trén.

3. Xéc dinh kich thudc cac thanh chéng, cac thanh giang, va cac nit véi chi v thich ddng
cac bé rong khe nut.

Mot sb thin trong can luu ¥ trong khi phat trién mot mé hinh gian 4o vi bé tong c6 thé
chiu dyng duoc chi & mot khoang gidi han cua bién dang déo:

> Téi thiéu yéu cau tai phan phdi luc.

» Chon mdt phan phdi ciia cac thanh chdng va cac thanh gidng ma la ban sao hudng va
d6 16n cua céc ndi luc tinh bang phan tich dan hoi.

o Mot mo hinh nhu vay cé thé dung dé kiém tra murc tai sit dung va mure tai toi han.

o Cb thé phat trién mé hinh khac dé tinh tai trong to1 han thuc (16n hon) bang cach
tai dinh hudng hay di chuyén céc thanh chong va gidng.

=  Vay phai xem xét dén kha ning xoay hay kha ning bién dang khong dan hoi
ciia mo hinh.
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Cao hoc: Xay Dung Dan Dung va Cong Nghi¢p Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Trinh bay & ddy sé tip trung vao su phét trién cdc mo hinh gian ao cho cac ving D. Mot
vung nhu vay dugc Schlaich va cong sy trinh bay ¢ vi du dam cao chiu tai phan bd déu
dué6i day. Trong hinh duédi, phan a 13 cac duong dong Gmg suit dan hoi, cac Gmg suat dan
héi (o) va mé hinh gian 4o; cac ndi lyc (T , C, C,), khoang cach canh tay don (z), va goc
nghiéng cua thanh chéng (v) nhu 1a cac ham sb cua kich thudc dam F; (d/1) duoc biéu dién
trong phan b caa hinh.

a)

HHHHHHHH%U

Luuy:
b) " e Vitri cac thanh chéng (4)
~— ﬂfﬂ : — va thanh giang (1).
08 M ——L y /1 e Quan h¢ gifta cic duong
Z :
as ML) P : 77 dong u:ng sudt va huéng
v 2|5 gf=a ~ thanh chdng (= ).
rr} aa L L L e Phan phdi khong déu cia
a2 7;-( “‘-i fT/pl_"; C/pl g suat oy trén chiéu cao
: - dam.
01 ;
0 ; - — So sanh voi phan b
45 05 a7 0% 48 (2 11 ﬂ 17 14 15 l5d/t trong 1§ thuyét dim.
F, N <> Fi— const e Sy thay doi gia tri cua T
(hay C) va C, khi gia tang
ty so d/I.
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Do sy khiém dién cta két qua phan tich dan hoi nhu trinh bay ¢ trén, cac mé hinh gian ao
duogc phat trién nhu thé nao? Schlaich va cong sy da thiét 1ap mot phuong phap tén la
phuong phép dudng tai trong (load-path method) dé phat trién cac mé hinh gian 4o, va
phuong phéap nay dugc mo ta dudi day.

8.3.3 Phuwong phap dwong tai trong dé phat trién mé hinh gian ao

Budrc thir nhit ctia phuong phap duodng tai trong 1a xac dinh tat ca céc luc tac dung trén
vung D nham dam bdo rang su can bang trén mat ngoai cua vung D dugc thod man. Pau
tién xét vung D trong hinh dudi :

A B B remon
p“'\{\l\*\\ %
A

¢ D rezion
! A 4

A B

Ap‘suét phan bd p dai dién cho cac lyc ciia ving B ma tac dung 1én vang D. (Ngoai ra,
chiéu cao hop 1y vung D 1a bao nhiéu?). Ans: h> 0,51

Bugrc thir hai 1 phén chia nho biéu d Ung suét (trong truong hop nay la img suat phan
b tuyén tinh p) dé cac tai trong tim ra duong di tir mét nay dén mit khac cua két ciu. Véi
vi du trén, tai phan bd 0 p ma ap dat trén dinh dam s& dugce chdng d& boi hai phan luc gbi
tua & ddy dim: A va B. Tai phan bd p dugc thay thé boi cac luc tong cong A va B, véi do
lon cua A 16n hon B. Cdc duong tai trong khong nhu phac thao ¢ hinh v& trén. Cac duong
tai trong c6 xu hudng ldy duong ngan nhit (shortest path) kha di di tir tai trong tic dung
dén cac phan luc gdi tua.

Mb hinh gian 4o hop 1y nao d6i voi dam cao trén? Mot mé hinh kha di trinh bay duéi day.
Luu ¥ cic diém sau lién quan dén mé hinh gian 4o nay : . A B

> Céc vi tri cua cac thanh chdng thang dimg va thanh pl-_\‘\m
chong nghiéng theo duong tai trong chay tir tai phan

b6 ¢ dinh dim dén cac phan lyc gdi twa A va B ¢ day
dam.

H 1
. i
! I
» Vi tri cua thanh chong nam ngang }-""""\
\ . \
o Tai sao can thanh chong nay? I \
o Tai sao vi tri thanh chéng nhu mo ta trong hinh ? Z \
> Vi tri cua thanh gidng nim ngang T

o Tai sao can thanh gidng nay ?
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Cao hoc: Xay Dung Dan Dung va Cong Nghi¢p Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

o Luc chiu kéo cua thanh giang do cdt thép cung cap

= Cbt thép dugc neo nhu thé nao ?

Bay gid xét vi du khac ¢ hinh dudi. Néu xoay 90° theo chiéu kim dong hd, So d6 nay co
thé biéu dién mot phan dau dam cang sau (post-tensioned).

Lam thé nio phat trién mot mé hinh gian 4o cho trudng hop ¢ tng suit kéo trong ving B
nhu hinh trén? Trude hét nhu & trén, thay thé Gmg suat phan bd p bang cac luc tap trung
(trong vi du nay la F va B). An dinh mot thanh giﬁng chiu luc kéo B dugc vong tron o
trén. Chén cac thanh chéng chiu cac luc nén F va B. R rang khong c6 tai trong kéo &
phan phia trén dam nhu trong hinh. M6 hinh gian 4o twong tng nhu sau :

%

L)

Fel P T

NN

“

o A

Luu y céc diém sau tur hinh trén :

> C6 sy dich chuyén khoang cach theo hudng truyén cua luc F.

» Thanh chéng can thiét tai diém chuyén tip (transition point) ky hiéu A dé cung cép
su thay doi1 hudng cua luc F.

> Lam sao giai dugc luc trong thanh giang chiu kéo tai diy dam tai diém ky hiéu B ?

C6 thé phat trién nhiéu mo hinh gian 4o cho mét trudng hop tai don gian. Lam thé nao
chon dugc mo hinh to1 wu?

> Céc tai trong theo dudng truyén voi do 16n nho nhit va bién dang it nhat.

» Vi cac thanh gidng co thé bién dang 16n hon cac thanh chong bé tong, mot mo hinh c6
céc thanh gidng v6i s6 luong it nhat va chiéu dai ngan nhat c6 vé 1a mo hinh t6t nhat.
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Cao hoc: Xay Dung Dan Dung va Cong Nghi¢p Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Schlaich va cong su dé xuét biéu thirc don gian sau dé thuc hién nhéan xét thr hai & trén,

Y Flig; = Minimum (8-1)
i

v6i F; 1a lyc chong hay gidng i, 1; 1a chidu dai phn tif i, va &y, 12 bién dang trung binh cua
phan tir 1.

Sy tham gia céc thanh chng bé tong trong phuong trinh trén ddy né chung co thé bo qua
vi bién dang trong cac thanh chéng bé tong thudng nho hon nhiéu so véi bién dang trong
cac thanh giang (s, << &):

> T;l; = Minimum (8-2)

1

v6i T; 1a luc giang i, |; 1a chiéu dai phan tu i.

Dung biéu thirc ndy s& gitip phan biét giita mo hinh tot va mo hinh xiu mé ta dudi day:

ot good bi bod
ARG (a4 T P
| I | 1
i ; I
I | ]
f’j_.._..__-{‘ gl l i il
/ NI :
. r o

;.r' 1"1, -l-b
i 7 7

1 | O P—

3)

Ty
g 4 1

f+) 2 Q-Lﬁ
) W :
2!

Céc bién thé ctia hai md hinh co ban nay duoc trinh bay & trang sau :
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Bai giang: Prof. Andrew Whittaker

Cao hoc: Xay Dung Dan Dung va Céng Nghi¢p
Bién dich: PhD Ho Hitu Chinh

Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Dung cac thong tin trén day, tim cac mo hinh gian 4o kha di (khoang 2-3 mé hinh va so
sanh) cho cac truong hop sau:

Bai tap 1:
Mot lién két dong trong mot mdi ndi ?
khung BTCT : a
» Xac dinh cac vung B va D. ’— {
» V& céc thanh giang chiu kéo va M
cac thanh chong chiu nén. ‘

T i —>
Bai tap 2:
Mot lién két mé trong mot mdi ndi ?
khung BTCT : o
» Xac dinh cac vung B va D. ’—
» V& céc thanh giang chiu kéo va M
cac thanh chong chiu nén. ‘

T i —>
Bai tap 3:

Vai @& cot véi tai doc truc nhoé a)- b)-

(vé1i hai truong hop):

| N\ N
» Xac dinh cac vung B va D. M M
» V& céc thanh gidng chiu kéo va N N
cac thanh chong chiu nén.
M M

!
¢
!
¢
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Cao hoc: Xay Dung Dan Dung va Céng Nghi¢p
Mon hoc: Phan Tich Ung Xir & Thiét Ké Két Cau BTCT

Bai giang: Prof. Andrew Whittaker
Bién dich: PhD Ho Hiru Chinh

Bai tap 4:
Phan dau moét dam cing-sau (post-
tensioned beam):
» Xac dinh cac vung B va D.

> V& cac thanh giang chiu kéo va
cac thanh chong chiu nén.

Bai tap 5:
Dam cao voi tai tap trung léch tm
dat trén mong dan hoi.
» Xac dinh cac vung B va D.

> V& cac thanh giang chiu kéo va
cac thanh chong chiu nén.

Cac vi du trén dung dé minh hoa
cach chon mdt mo hinh gian do cho
mot truong hop tai biet trudec.

Néu nhiéu truong hop tai thi xir Iy

nhu thé nao ?

> Thiét ké cho timg truong hop tai
va phoi hgp cac mo hinh va thép
giang.

» Chon mdt moé hinh ma hop 1y
nhat cho tat ca truong hop tai
trong ma khong 1la t61 uu cho
truong hop tai riéng l&.
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Bai tap 6:
Thiét ké va bd tri cbt thép theo phuong phéap Strut-and-Tie cho doan diam BTCT chuyén bac
(stepped beam) co6 cac thong so sau:

Kich thuéc ddm: b= 15inch, h =22 inch, d =20 inch

Moémen uén: M = 4 kip.in

Cuong do vat liéu: £, =40 ksi (thép), ¢ =4 ksi (bétong)

Ghichu: 1inch =254 mm; [kip.in=113kNm; 1ksi=69 MPa=703 kG/em?

Al
A A-A
h A
A
V h ! h
Al
M 0 N
b
Al
Goi vV bd tri thép: Goi vV so d6 tinh “strut and tie”:

I

Gl

S e — —
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Moén hoc: Phan Tich Ung Xu & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

TRUONG UNG SUAT CUA DAM CHUYEN BAC
(X4c dinh biang ForcePAD)

a)- Xac lap mo hinh tinh toan:

—_—
«—
S
—
S
b)- Truwdng trng suat kéo theo ForcePAD:
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b)- Trudng ing suit nén theo ForcePAD:
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Cao hoc: Xay Dung Dan Dung va Cong Nghié¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Chuong 9: MO HINH GIAN AO: NUT - THANH GIANG - THANH CHONG

9.1 PINH NGHIA NUT - THANH GIANG - THANH CHONG
9.1.1 Gi6i thiéu

Duéi ddy trinh bay mot sb vi du cia mé hinh gian do (hinh aj, by, ¢;) va tuong tmg 14 cac
truong Ung suat, nat (hinh a,, by, ¢;) va cot thép (hinh as, bs, c3).

a. Dam cao chiu tai phan bd déu
o ol ad
””I|”“ LHTTEpE g
L .
[ LL-H
"
a’{ | \‘x
L TEH
) C

b. Géi tya diém (point support)

i) b2l bW
Luulmi IREFIIY L ETITTO ITTIIOT
L L
tl ! ' | 1]
&L—l—f _, W]
\ ‘ ';’[ AT
4 i
c. Tai tap trung va gdi twa diém
et} 31 reinforcen
i —0 [ b4
C P TTI
i '\‘MLIIHHE
d. Dam cao chiu tai tap trung & giita
413 12} shruls not reinbarced ¢3) struts resnforced
.
s AR
f/‘\}! AL .L
I L?f,_; I \“1,:
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Cao hoc: Xay Dung Dan Dung va Cong Nghié¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

e. Nut mo (opening joint) trong khung chiu mémen

Mo hinh ho4 gian 4o 1a mot phuong phép lip bao gdom 4 budc :
1. Luya chon mot mé hinh gian 4o dé thu.
2. Xac dinh kich thudc va chi tiét cua thanh chéng, cac thanh gidng, va cac nut.

3. Kiém tra thong sb kich thudc cac thanh chdng, cac thanh gidng, va cac nat dé bao dam
rang cac gia thiét cia budce 1 co gia tri.

4. Lap lai néu can bang cach tré vé budce 1.

Schlaich va cong sy dinh danh ba kiéu thanh chong-thanh giang, va bon kiéu nut. Ba kicu
thanh chong-thanh giang la:

o C.: thanh chong bé tong chiu nén

o T, :thanh gidng bé tong chiu kéo (it gap)

o T, : thanh giang chiu kéo boi thép thanh hay thép tmg suét trudc.

Schlaich va cong su dinh danh bon kiéu nut 16 thudce vao su phdi hop giira chdng va gidng:
o Nt CCC : nén-nén-nén gap nhau tai nit.

o Nut CCT : nén-nén-kéo gdp nhau tai nut.

o Nut CTT : nén-kéo-kéo gap nhau tai nut.

o Nut TTT : kéo-kéo-kéo gdp nhau tai nut.

va chl y rang cac nguyén tic thiét ké 1a khong ddi néu c6 hon ba thanh chdng hay gidng
gap nhau tai mot nut.

So @6 cac loai nat khac nhau nhu sau :

a. Nut CCC
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker

Mon hoc: Phan Tich Ung Xt & Thiét Ké Két CAu BTCT Bién dich: PhD Hb Hiru Chinh
b. Nut CCT
by b

e ' _E
o

OTGSXPSSLE mﬁiﬁ
ochornge ength

Nut CCT bao gém mot thanh chéng chéo chiu nén va mét phan lyc ding géi tra duogc
lam can bang luc boi :

1. cbt thép neo bdi mot ban neo phia sau nut (b))

2. lyc dinh trong nut (b,)

3. lyc dinh trong nut va phia sau nut (bs)

4. lyc dinh va 4p suét ban kinh (bs)

Nut CTT bao gém thanh chdng chiu nén chéng d& bai:
e, &)

7 4

1. hai thanh thép dinh nhau (c,)
2. Gng suat ban kinh tir thanh thép bi udn theo ban kinh dé (c»)

Nut TTT trong d6 thay thé thanh chdng chiu nén & hinh trén bang mét thanh giang ghép
dinh chiu kéo.

) . dJ

Chuong 9: MO HINH GIAN AO: NUT - THANH GIANG - THANH CHONG



Cao hoc: Xay Dung Dan Dung va Cong Nghié¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

9.1.2 Cac thanh chong (struf)

Céc thanh chdng bé tong 1a cac truong ung suat 2-D (hay 3-D) c6 xu hudng nd rong giira
cac nut. Sy n¢ hay phinh ra ctia cac thanh giang nhu trong céc hinh & trén thuong tao ra
cac ung suat ngang kéo hay nén can phai dugc xem xét boi:

> Hodc do dua nhitng ng suit ndy vao tiéu chuan pha hoai ctia bé tong (nén hoic kéo),

» Hodc do ap dung mét mo hinh gian ao 1én chinh thanh chéng (nhu trong phéan ¢ va
phan d cta hinh trén) va nhu gidi thi€u hinh duodi day.

'-.

Schlaich va cong sy di dé nghi 3 kiéu truong nén cho cac moé hinh gian ao. Ba trudng nay
(hinh quat, c6 chai, hinh try) dugc moé ta nhu sau :

"o b) c)
I — =
SNIERY TERRRRRE LI

i ——— [

Wty gaty Ittt g at¥ I g af!
E’ c o cd gt aleg

o]

a. Fan l:. Bottle c. Prisin
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Cao hoc: Xay Dung Dan Dung va Cong é. ghi¢p Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

9.1.3 Cac nit (node)

Céc nut trong mo hinh gian 4o 1a céc giao diém cua ba hay nhiéu hon cac thanh chong va
giang thang va 1a cac khai ni¢m thyc t€ dugc don gian hoa.

> Mot nut biéu dién mot sy thay d6i dot ngdt cua phuong cac luc.

o Khuynh huéng trong thuc té khong xay ra dot ngdt ma thuong dan dan.
» (o hai loai nut

o 4 uttap trung (concentrated)

e 4 éu mot trong nhirng thanh chdng hay giang dai dién mot truong tmg sut tap
trung, khuynh hudng cac luc 1a tap trung cuc bg (ntit A & hinh duéi).

o 4 ut phén tan (smeared , spread)

e Céac trudong Ung suit bé tong rong ndi v6i nhau hay véi cac thanh giang chiu
kéo ma bao gdm nhiéu thanh phan bo sit nhau (ntit B ¢ hinh du6i).

OO o
i |

Jars

c%' | (E

Thong thuong so d(f) lyc trén mot ving nat duge phan tich don gian hoa chi gdm 3 hop
lyc (hinh a) tr so d6 phuc tap hon (hinh b) nhu minh hoa duéi day:

MNodal
Zone A A /
: : D
Node .
B ? C B 1/ c
a) Luc tac dung ctia ba thanh chéng b) Thanh ch(‘)ng’A-C thay thé cho
A-B, B-C, A-C tai mot nut. hai thanh chong A-E va C-E.
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9.1.4 Cac thanh giang (tie)

a guoc lai cac thanh chdng 1a cac trudng ung suit 2-D (hay 3-D) ctia bé tong chiu nén,
cac thanh glang chiu keo cua thép thanh hay thep ng luc trude (trong gido trinh nay qui
woc goi 1a giang thép-steel tie) 1a cac phan tir 1-D ndi gita cac nut.

>

A\

Céc thanh gidng dugc phep di bang qua cac thanh chéng; trong khi d6 thanh chdng chi
bang qua hay chong chéo nhau chi tai cac ntt.

Goc gitra truc thanh giang va thanh chéng bat ky phai thoa man yéu cau: 0 < 25°
Truc c6t thép trong mot thanh gidng phai trung véi truc thanh gidng do.

Phy thudc vao sy bd tri ¢t thép trong gidng, chidu rong gidng hiéu qua (w;) xac dinh
nhu hinh mo ta dudi day:

w; = w,casg + £,sing

W, COS0 %\
N

—-__._1'___

-—
// C l\ - T 1
’ “Extanded |
/ ! / nodal zone
B | [ n {
A R
T Extenge;j y ' ]
R nodal zone | Noda\ / ! ]
P NG [ oy | /Noda | |
Nodal ZG'R A 1 I/ VAN
i o R w—— ™ Critical section for
PR S I
\*7—5,,—»\ ! b i development of
! ' tie reinforcement
C A, 5e0A432 C Mt seeA432

Chiéu rong giang (w,) khi bd tri: a)- mot 16p cot thép  b)- nhiéu 16p ¢t thép

e Khi chi b6 tri mot 16p thép trong giang nhy hinh a), ta co:
w,=d, +2d,

dy: dudng kinh cdt thép trong giang

d.: chiéu day bé tong bao vé dén mép cdt thép trong giang
e Khi bd tri nhiéu 16p thép trong giang nhu hinh b), ta ¢6 gidi han t6i da Wi max:

Fnt
W Ty

F.:: cuong d6 danh dinh ciia giang chiu kéo tinh theo (9-1), tham khao phan 9.3.1
f.o: cuong do nén hiéu qua cta nuit tinh theo (9-8), tham khao phan 9.3.2
b: chiu rong tinh toan ctia thanh chdng chiu nén ctia mé hinh gian 4o

> Céc giang chiu kéo c6 thé mat tac dung do neo khong ddy du va do vay qui dinh neo

Chuong 9:

thép thod dang v&i chiéu dai neo I, du dai 13 phan quan trong trong thiét ké cac ving
D dung mo hinh gian do (tham khao Appendix A ctia ACI 318-08).
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9.2 VIiDU THIET KE DUNG CAC MO HINH GIAN AO
9.2.1 Gi6i thiéu

Trude khi ban luan cuong do cia cac thanh phan chéng-giang-nit, MacGregor trinh bay
mot vi du dudi day dé minh hoa thiét ké dung cac mé hinh gian 4o. Tuong khong lién tuc
bén dudi gdbm 5 ving D va 1 vang B. (Khong dung nhimng tudng nhu vay trong két cau
chiu ti dong dat).

aa

{by Stresses on boundarkes,

A Am budc ctia qua trinh thiét ké 1a:

1.

2.

a han biét va c6 lap cac vung D.

Tinh cac ndi ing sut trén cic mit bién cua ving D voéi mic cudong do ding phuong
phap cudng d6 tiéu chuan hay gia thiét img xir dan hoi (vi du o = P/A +My/I). Xem &
vi du miu dudi day, tai trong va ng sudt nén tinh bang P./d , My/d , ... v&i ¢ thuong
liy bang gia tri cho truong hop Strut and Tie (¢ = 0,75 véi ACI 318-08).

Chia nhd cic mat bién thanh cic doan nho va xéc dinh cac hop luc trén mdi doan
(xem hinh trén phia phar).

V& mot gian (md hinh gian 40) dé truyén lyc tir mt bién nay sang mit bién kia.

Tinh cac luc trong cac thanh phan gian va kiém tra Gmg suat. Gia sir rang cc thanh
giang thép c6 tmg suat kéo bang gidi han chay fy va cac thanh chéng bé tong c6 ung
suét nén hiéu qua f.. = v|v,f'. (MacGregor) hay f.. = 0,855 . (ACI 318-08), vdi gia tri
vi hay B dugc trinh bay sau trong chuong nay. Tai trong cho phép trén céc thanh
chdng ciing s& dugc ban luan dén.
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9.2.2 Bai toan miu 1

Tuong khong lién tuc dudi ddy day 14 va khong bi oan ra ngoai mit phang do sy hién
dién cac san phang, hay thiét ké thép trong cac ving D2 va D3. Gia thiét cuong do bé
tong f. = 4000 psi va thép f, = 60000 psi. Gia thiét rang tai trong 420 kips 12 tai trong t&i
han (nhan h¢ s6 vuot tai).

L |

A
i o f—o
(-1 3 1 b2 i ,
| ! :
FFFesees
Walght of wall T N 1
R vung B
YR | J{
! I
w2z ' w2 I :
I |
)_DL_ —E—'l.t
:!‘:: l:::l'.h.
- —— i i 7 f
t Lot
| a-o |
I 1
[a) Wall ard D—ragkons. {h) Streases an D-raglons, () Truss modal.

Bworce 1

Co lap cac vung D cua tuong nhu hinh trén.

Bwoc 2

Tinh cac ng suat trén cac mit bién nhu mé ta ¢ hinh trén. Gia thiét ring cac Gng suét co
thé tinh bdi 6 = P/A. Xét dén h¢ so giam cuong do ¢ = 0,75, tinh cac luc tac dung :

) —i:ﬂ =560 kips
g 075
Tinh trong lugng tudng :
24x8x14/12%x0,15 — 45 Kips

075

va gia thiét rang trong lugng nay tac dung tai nira-chiéu cao tudng.
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Buée 3 l
Phan chia nhd cdc mat bién va tinh cac hop luc. Véi bai toan nay AR
cac lya chon la de hi€u. Tat ca cac mat bién ngoai trr mat bién tai K 2\\‘
dinh D2 dugc chia thanh hai phan bang nhau. R d
v p g 8 ﬁc
Buoéc 4 | D2l |
1 L
V& gian cho m hinh gian ao. Cac thanh chdng chiu nén duoc danh T 1

dau bang cac duong nét dit va cac thanh giang chiu kéo bang céac
duong nét lien. Dé v& gian mot gia thiét phai dugc thuc hién vé goc

& dinh gian 0. Trong nhiéu trudng hop, mot do déc 2:1 ¢o thé duoc |
gid thiét, vi thé 0 =tan™(2 /1) = 63.4° ' ‘:
Bwéce 5 JP,_ _E_JL
Tinh céc luc trong cic thanh va kiém tra tmg suat. /e o
1. Thanh giing chiu kéo BC va FG } t
a) Giang BC:

TBC=L‘()xi—14Oklps = A —TB—C=M—0
2 2 Sy

Thép ngang vé6i dién tich ti thiéu 2,33 in’ nén dugc bd tri bang
ngang toan bd chiéu rong tuong trong mot dai cao khoang 0.3d, tam
dai la tam thanh giang BC. Gia str ¢t thép c& #5 dugc dung cho gia
¢6 tudng. Dién tich mot thanh thép #5 la 0.3 in’, va gla thiét bé tri
thép ca hai mit tuong, dung 4 #5 cho mdi mit tren chleu cao 307
0.3d, lic nay dién tich thep ngang A BC =240 in’. a €0 cac thanh
thép bang cac moc udn 90° tai hai dau tuong. Chu ¥ rang cac nit B
va C neo giir cac thanh chéng AB , AC va thanh giang BC 14 cac
nat phan tan va cac giang thép chiu kéo co thé duoc trai rong trén
mot khoang hiru han (vong tron do hinh bén).

=233 in’

b) Giding FG: 2
Tpg=———x—==151kips = 4;=—""=——=2521n

Dién tich thép ngang A" nhu trén hay I6n hon nén duogc bd tri
bang ngang toan bo chiéu rong tuong tai day ving D3. Cac thanh
cOt thép nén :

» Tap trung vao 1-2 16p thép (nut tap trung) ?

> Hay trai rong trén mot khoang hiru han chiéu cao tuong ?

Trong vi du nay cbt thép nén tap trung vao 1-2 16p thép day tudng (vong tron xanh hinh
bén). Tai sao? Ans: nut tap trung

Dién tich mot thanh thép #6 1a 0.44 in’, dung 6 #6 bang ngang toan b chiéu rong day
tuong, ta co dién tich thép ngang A,"Y = 2,64 in”. C6t thép nén duoc neo tai hai dau tuong
v6i cac moe neo 90° hay 180° vao trong sudn cac cdt tir cac vung D4 va D5 bén dudi cam
lén tuong.
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9.3
9.3.1

2. Céc thanh chdng nén trong viing D2

Vi cac thanh chéng bé tong xo¢ ra tur diém A, vung to1 han ¢ tai nut A. Vi nat bi nén trén
moi phia - nat CCC, lay f.. = 079 = 3,16 ksi. Ung suat max tai ntit A bang :

4 _ 560
fc 14x 14

va nhé hon gid tri f.. = 3,16 ksi. (thod yéu cau ung sucft)

= 2,86 ksi

3. Céc thanh chdéng nén trong viing D3

Vi céc thanh chdng bé tong xo0é ra tir cac nit F va G, ving téi han & tai cac nit nay. Do
moi nat neo gitr mot giang chiu kéo, mot gia tri thap hon cua trng suat gioi han s€ dugce sur
dung (ly do sé ban lugn sau). V&i trudong hop nay

f,. = BIBEF. = 2,68 ksi

Ung sut max tai niit F bang :
7 F_560+45

c 14x 14

va 16n hon gia tri f.. = 2,68 ksi. (khong thoa yéu cau ing suat)

= 3,09 ksi

Thanh chdng chiu nén DE nhu thé nao?

4 goai c6t thép xac dinh trén, ham luong thép tuong téi thiéu can thoa man ACI 318-08
(phan §14.3) va cot thép cot nén dugc kéo dai Ién va neo sau vao trong vung tuong D3.

CUONG PO TINH TOAN CUA THANH GIANG-THANH CHONG-NUT

Giang thép chiu kéo

Cot thép thuong cung cap dé‘chéng do luc kéo trong bé tong. Schlaich va dong sy co
cung cap tom luge thong tin vé cac thanh giang bé tong chiu kéo cua mo hinh gian ao. Su
trinh bay trong chuong nay gia thiét rang cot thép cung cap toan bo kha nang chong dé tat
ca luc kéo cua két cau.

Cong thirc xac dinh c6t thép cua giang thép chiu kéo don gian nhu sau:

F, <oF, =¢[Af, +A (f, +Af )] (9-1)

voi1 Fy 1a lyc tinh toan trong giéng chiu kéo; ¢ = 0,75 la h¢ s6 giam cuong do cua gian ao;
Fy 1a cuong d6 danh dinh cua giang chiu kéo; A la tlet dién cot thép thuong; f, la gioi
han chay ctia cdt thép thuong; A, la tiét dién thép g suat trudc; fge 1a “tmg suat hleu qua
sau ton that” trong thép A, , yéu cau fie £ Al < fy; Af, 13 timg sudt gia ting trong A, gdy
ra do lyc gian do tac dung: Af, = 420 MPa véi1 thép ULT bam dinh, Af, = 70 MPa véi thép
ULT khong bam dinh (tham khao A.4 cia ACI 318-08).

Céc giang chiu kéo co thé mat tac dung do neo khong day du va do vay qui dinh neo thép
thoa dang 1a phan quan trong trong thiét ké cac vung D dung mo hinh gian do.
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9.3.2 Thanh chong bé tong chiu nén

Thanh phan quan trong thir hai ctia mé hinh gian 4o 14 thanh chdng bé tong chiu nén. Cac
thanh chong thuong duoc mé hinh hoa thanh dang tru (nhu hinh tru 6 trang 4) hay dang
bup mang (nhu hinh quat ¢ trang 4) nhung thuong nhat 1 dang thay ddi tiét dién (nhu
hinh ¢6 chai & trang 4) dugc biéu dién ¢ hinh b duéi day (theo MacGregor):

Sy gidn nd cua cac luc nén bé tong 1am ting (ng suit kéo ngang va duge MacGregor
trinh bay & hinh dudi. 4 hitg (mg suit kéo ngang ndy c¢6 thé gy cho cac thanh chong bé
tong bi nit doc. 4 éu thanh chéng khong co thép ngang, n6 co thé bi pha hiy sau khi xuat
hién cac vét niit nay. a éu bo tri dii thép ngang, thanh chdng chi bi pha huy do bé tong bi
nghién v& (thiét ké mong muén !1)).

TE
L

|
! 1 5y |

(a) Bottla-ghaped region.

ansion

(¢} Transvarse lensions &nd compressions,
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O hinh trén, phan (a) phong dai mot dau cua mot thanh chong dang ¢6 chai trong mo hinh
gian a0 dugc mo ta & phan (b). Trong khi d6 phan (c) biéu dién cic mg suit kéo va nén
ngang trong mo hinh gian do.

Tai phan giira cua thanh chdng dai L, ‘chiéu rong thanh chdng bang b, . Trong mot thanh
chong chiu nén dang c6 chai tai moi dau, MacGregor d€ nghi cong thirc:

ber =a +% (9-2)
Tir phin (b) ctia hinh trén, luyc kéo ngang (T) c¢6 thé tinh bang :
C be/4—-al/4. C a
=S () =~ (1-) (9-3)
2 ber /2 4 bef

voi C 1a lyc nén thanh chéng, a 1a chiéu rong ngoai lyc nén ép, thuc nghiém a < by < L/3.

Véi cac dang thanh chéng diénq hinh, MacGregor bao céo rang nirt doc trong thanh chéng
khong bo tri thép ngang c6 thé gay hai nghiém trong néu ap luc goi tua trén dau thanh
chdng vuot qua 0,55f. (xem Bang 18-1 bén dudi: v = 0,65 ; v, = 0,85 khi f'. = 2500 psi).

Chu y trinh bay trén day gia thlet rang lue nén gidn no chi mot hudng. Xeét truong hop
dudi day cia tuong dat trén cot. 4 éu dién tich gbi do khong mo rong trén toan bd chiéu
rong cua vung D (xem hinh (a) ¢ dudi), cac ung sut kéo ngang s& phat trién ngang qua
bé rong thanh chong, ma n6 can phai co thép ngang T> sudt bé rong thanh chéng nhu hinh
(a), trong khi T, trong hinh (b) la giang doc ciia md hinh gian do.

Transverse
tension

{a) End view (b} Sida view

a) Cudng d6 thanh chéng - phuong phap MacGregor:

Cuong do bé tong chong nghién v trong mot thanh chéng goi 1a cuong do hiéu qua fi.
(effective strength):

fee = Vvivafc (9-4)
v6i vy, vo 1a cac hé s6 hiéu qua - efficiency factor. (Schlaich va dong su ky hiéu cuong do
hiéu qua la f*.g).
Cuong do bé tong trong mot truong ung suat nen hay ¢ mot nat phan 16n phu thudc vao

trang thai Lrng suat nhidu phuong hay su ton tai khe nirt hay cbt thép gia cuong. S6 hang
v, ding dé xét dén :

> Su ép ngang c6 loi, dic biét khi ép ngang ca hai chiéu.
o Bé tong bi ép ngang xem & chuong 3.

> Céc ung suat kéo ngang va vét nt ¢6 hai.

> Cac vét niit co hai khong song song voi tng suét nén.
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Bé tong don hon khi ting cudong do chiu nén ', cta bé tong. Piéu nay phan anh & v- :

vy = 055+£<1 (9-5)

V fC
voi cuong do chiu nén ' cd don vi 1a psi.

MacGregor cung cip Bang 18-1 ctia cac gid tri f.. twong thich véi ACI 318. Cac gia tri
trong bang nay dugc chap nhén cho cac ban luan ¢ day vé mo hinh gian do.

TABLE 18-1 Recommended Values of Effective
Compression Strength, £,

fie = vy f, where v, = (0 55 + ——-—)‘

Structural Member 1

a)-Nut giiin ao

Joints bounded by compression struts and bearing plates 1.0

Foints anchoring one tension tie ‘ 0.85

Joints anchoring more than one tension tie 0.75
b)-Thanh chéng gian o

Uncracked uniaxially stressed struts or fields 1.0

Struts cracked longitudinally due to bottle shaped stress fields, containing 0.80

ransverse reinforcement based on Eq. 18-5

Struts cracked longitudinally due to bottle-shaped stress fields without 0.65
transverse reinforcement

Struts in cracked zone with transverse tensions from transverse 0.60
reinforcement

a hu da luu y trude day, nut doc co thé ngan can mot thanh chdng dat dugc kha nang chiu
nén toi da cta no. Bé ngéan can pha hoai nut tach doc cua cac thanh chéng, ¢ ot thép dung
va ngang nén ngang can dugc bb tri dé chiu toan bd cac luc kéo trong cic glang ngang tai
hai diu mé hinh gian 4o dd mo ta ¢ trang 11 khi luc nén C trong thanh chdng dat dén gia
tri 16n nhét cua no, cu thé 1a :

> > Z[ a ——)] (9-6)

sin 6 ber
v6i ky hidu ¥ ngu y 13 tong cac gid tri tai hai dau thanh chéng, 6 1a goc nghiéng thép
ngang so voi thanh chong. Dién tich thép ngang A can dugc phan bo trén toan b chiéu
dai thanh chong.

Tom lai, cuong d6 thanh chéng chiu nén (C) theo MacGregor cé thé tinh theo hai cach
nhu sau:

» 4 éu thanh chong khong c6 thép giang: C = 0.55atf". (v = 0,65 ; v, = 0,85), véi a la
chiéu rong nut; t 1a chiéu day ctia phan tir két cau (tra phan kiém tra mit gian do).

> 4 éu thanh chong €6 b6 fri thép giang tinh boi phuong trinh (9-6): C = tich sb gitra
dién tich tiét dién nho nhat cua thanh chéng va f.. tinh tir bang 18-1, (tra phan kiém
tra thanh chong gian o).
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b) Cuong d6 thanh chéng - phuong phap ACI 318-08:
Theo ACI 318-08, cuong dd nén hi¢u qua f.. ciia thanh chéng ao la:

f_=085B,f (9-7)

Va cuong do nén hi€u qua f,. cua ving nit gian ao:

£, =085p,f (9-8)
v6i £ 1a cudng d6 chiu nén bé tong, P 1a hé sb hidu qua - efficiency factor tra bang sau:
Kiéu thanh chéng hay nut Bs, Bu bdi chiéu
ctia mo hinh gian do ACI 318-08
Thanh chdng hinh try (tiét dién khong d6i theo chidu dai) 1.00 A32.1
Thanh chéng hinh ¢6 chai c6 thép giing thoa man A.3.3 0.75 A322

Thanh chdng hinh ¢6 chai khong thép giang thoa man A.3.3 ) | 0.60 A322
Thanh chong ctia KC chju kéo hay trong canh chiu kéo cia KC | 0.40 A3.23

Céc truong hop thanh chdng khac 0.60 A324
4 ut kiéu C-C-C (nut giao nhau cua 3 thanh chéng hay gbi do) | 1.00 A5.2.1
a ut kiéu C-C-T (nlit c6 mot thanh giang chiu kéo) 0.80 A522

a ut kiéu C-T-T hay kiéu T-T-T (nit c6 it nhat 2 thanh giang) | 0.60 A523

(*) Céu hinh thanh chdng kiéu c6 chai v6i thép gidng A thoa didu kién A.3.3 nhu sau:

s
o y e e
e .A—Axls of
r,’ . e sirut
f"\ . f"
s E}JFLLI]IngII) :X—SU'UI
I A 73
ﬁ‘\'f . f;’ f‘! T ™ A (’!
'-.1?._." .r‘ ){g s.ifl
Wit ased COmIpLLs A, ,"’ _/" ,’, 2
ia} iy ! y )r'
L /]
- - ra—
2 5iny, > 0,003;y, > 400 | A
$S2 Fav-. 7 Le
f' <40MPa =
H A, .
, ) Z “siny; 20,003
a)- Kiéu mot 16p b)- Kiéu hai 16p thép > bss;
thép giang (A.3.3.2) giang (A.3.3.1) f' <40MPa
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9.3.3

Tom lai, cudng d6 thanh chéng chiu nén (¢F,) theo ACI 318-08 c6 thé tinh nhur sau:
1. Tinh f_ =085p.f,

. Tinh f,,, = 0,858, f

. Tinh f_ = min(f_,,f,,)

2
3
4. Tinh|E, = A.|v6i A 1a dién tich tiét dién dau thanh chdng (tiét dién nho nhat).
5

. Kiém tra |E,, <¢F, |véi ¢ = 0,75, Fys 13 luc tinh toan cta thanh chéng.

Cac vung nut gian do
Cac nuat trong mo hinh gian do da duoc gioi thiéu trong phan 9.1.1 nhung lac d6 cudng do
nut khong dugce xem xét. Bén kiéu nit duoc nhan dang 1a : CCC, CCT, CTT, va TTT

Hai cach thong dung bé tri cac ving nut dugc trinh bay dudi day (sir dung cac hinh cta
MacGregor). Phuong phap thir nhét la dat cac canh ciia nit vuong goc voi truc cua cdc
thanh chong hay thanh giang gdp nhau tai mit dé dé c¢6 ap luc chdng d& nhu nhau trén
mdi canh nut. Vi nat CCC trong phan hinh (a) bén dudi, ty sb gitra cac chiéu dai a; cua
ba canh nat bang véi ty sb gitta cac luc doc C; trong ba thanh gép nhau tai nut do, cu thé
laa;:ay:as=C;:C,:Cs. Trong phan hinh (b) bén duéi, néu mot trong cac luc 1a luc kéo
T (nat CCT), chleu rong canh chiu kéo dugc tinh theo mot tam gbi duge gia thiét ¢ trén
dau cta thanh giang chiu kéo va chap nhdn phan hee goi C, trén niit bang lyc nén C, ciia
thanh chéng tai mit @6. (RN CHICU hay calue nen ?)

= T

Ca

{a) CCC Nods {5) CGT Node

Phuong phép thtr hai gid thiét rang ving mit bao gom ca bé tong nam trong phan mo
réng cia cdc thanh gdp nhau tai nit nhu mo ta ¢ hinh duéi. Luu ¥ rang cac ving nit
khong duoc chong 1én nhau. Cac g suit o, , 55 , 3 ¢6 thé khac nhau (xem phan (a) hinh
dudi) véi ba diéu kién: (i) hop lee ciia ba lyc tring nhau, (ii) cdc ng sudt nam trong cdc
gidi han dua ra trong bang 18-1 ¢ trang trudc, (iii) tng sudt la hang so trén tirng mdt. Mot
vi du khéc dugc biéu dién ¢ phan (b) hinh dudi. 4 it ndy dugc chia thanh hai nat nho.
a guoi thlet ké phai’ kiém tra xem cac ung suat trong cac thanh chbéng gip nhau tai nut,
g suét trén tim gdi, va tng suét trén duong thiang dimg phan chia hai nat nhé 14 nim
trong cac gidi han dua ra trong bang 18-1.
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Luc nay quay lai bai toAn mau & phan 9.2.2. Theo phuong phap ctia MacGregor, vi cuong
d6 nén danh nghia ciia bé tong bang ', = 4000 psi nén suy ra v, = 0,79 (xem Bang 18-1)

» Voinat A, cuong do hiéu qua .= vivof'c =1.0x0,79%4 = 3,16 ksi. (nhu gia thiét)
» Voinat F, cuong do hiéu qua f .. = v vaf'c =0,85%0,79%x4 = 2,68 ksi. (nhu gia thiét).

Theo ACI 318-08, cudng d6 chiu nén mit z cta nat (¢F,,) duge tinh tuan ty nhu sau:

e Tinh f,_ =0,85p,f, 1a cuong d6 nén hiéu qua ctia nut tinh theo (9-8).
e Tinh A,, 1a dién tich mdt z vudng goc véi phuong lyc tinh toan F,.

e Tinh F, =f _A_, 1a cuong do chiu nén danh dinh ciia mat z.

e Kiémtra|F, <¢F,|vdi ¢ = 0,75, Fy, 1a luc tinh toan tac dung trén mit z & ving nut.
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9.3.4 Bai toan mau 2

MacGregor trinh bay ¢ hinh dudi mot cot vudng 127x12” dat gan mép mot tuong c6 kich
thudce day 127 ; dai 8 ; cao 8’. Tai trong tinh toan trong cot 1a 180 kips. Bo qua trong
lwong ban than tudng. Cho cudng do bé tong f'. = 3 ksi va thép f, = 60 ksi. Hay thiét ké
cot thép tudng.

NG

8’ =96”

251 psi
i

8’ =96

Budc 1
Co lap vung D. Vo1 tuong nay, toan bd 1a vung D.
Budc 2

Biéu dd ung suét tinh duoc véi gia thiét tiét dién khong nut (o = P/A + My/I , trong d6
P =240 kips, M = 720 kip-ft, I/y = 10,67 ft’) va dugc mé ta ¢ phin day hinh. Véi ¢ =
0,75, tai trong thiét ké bang :

P
P, =-% _ 180 _ 240 kips
6 075

Ung suét thay doi tir 677 psi ¢ diém A dén —261 psi ¢ diém I (dau + qui udc tng suit nén,
dau — qui udc tng suat kéo).
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Buwéce 3

Phan chia nhoé cic mat bién va tinh cac hop luc doc theo cac phan doan. Phan doan GI
dugc thanh 1ap dau tién. Hop luc trén phan doan nay bang 41.8 kips. Chiéu dai cua EG
gia thiét bang chidu dai cua GI sao cho can bang lyc ding trén EI bang zero. Hai phan
doan con lai AC, CE dugc chon sao cho cac hop luc béng cac tai tdc dung (= 120 kips).

Buwoc 4

V& mot mo hinh gian o dé truyen cac lyc tor mat bién nay sang mat bién kia cua vung D.
Mo hinh véi cac luc chdng va giang & trén 13 twong ty mo hinh cua bai tap 4 & chuong 8.
Chu ¥ goc xoay 90° ctia luc kéo tai diém P va thanh chéng OP nghiéng 45° dung dé cén
bang luc tai diém P.

Luc chén cot tai J cach mép tuong 97; luc nén tai B cach mép tuong 8”. Sy chuyén tiép
huong truyen luc dat duoc bang thanh chong JL véi gia thiét d6 doc 1a 2:1 nhu & hinh

trén. Diéu nay tao ra mot lyc nén 60 kips trong thanh chdng JK va mét lyc kéo 60 kips
trong thanh gidng LM.

Budce S

Tinh céc luc trong céc thanh gian 4o va kiém tra cac ing suat.

Hinh dudi 1a mot phong dai cua cac moéi noi J, K, L, va M, tai chan cot. a €u cac ting suat
c6 thé chap nhan dugc trong phan nay cua mo hinh (vi dac xit nhat), ching s€ dugc chap
thuan & cac noi khéac. Cac thanh chong dugc mo ta & dang cac chir nhat mau trang va cac
nat ¢ dang cac tam gidc mau xdm. Cho ng suat (¢) bang cuong do hiéu qua (fe.):

o= 0.85,8Sf0’ =0,85%0,75x f; =0,85x0,75x3000 = 1910 psi
v6i Bs = 0,75 theo ACI 318-08 cho thanh chong dang c6 chai c6 thép ngang gia cuong.
Chiéu rong (b;) ciia cac thanh chdng c6 luc nén (C;) v& trong hinh dudi tinh bang:
¢, C;
oxt 1910 psix12"

i =
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Khong ¢6 thanh chéng nao hay ving nat nao chong 1én nhau, chi thi rang cic tng suat bé
tong c6 thé chap nhan duogc.

Déi véi cac gidng chiu kéo KP, PH, va LM, dién tich thép yéu cau (As) lan luot 1 :

ukp _Txp _ 418

e Thép giang KP: = =0,7 in* = Chon 2#4 mdi mat (AKP 0,8 in’)

Sy 60
e Thép gidng PH: ASPH = Tj:i = 48 _ 0,7 in® = Chon 2#4 mdi mit (A;DH =0,8 in%)
y

e Thép gidng LM: ASLM = Tim _ 60
Sy T 60

C6t thép twong g véi cac dién tich nay dugc biéu dién ¢ hinh dudi. Cudi ciing, can phai
tinh toan dién tich thep ngang can thiét bang qua cac thanh chéng chiu nén (phai thoa man
cong thie (A-4) phan A.3.3.1 ciia ACI 318-08). Mit khéc, cbt theép ding va ngang can dat
ti thiéu thoa man phan 11.9.9 caa ACI 318-08, nén dugc bd tri trong tuong nhu mé ta

dudi day:

2 No. 4 each face

[

E'h 2 °

3 Mo, 4 each face

2
ﬁ No. 3@ }tZ - 2 No_ 4 each tace
mol ma

-

No.4 @ 8”
moi mat

=1,0 in’> = Chon 3#4 mdi mat(ALM =1,2 in%)

h

b4

= Thoa man (ACI 318-08: ’
phan 11.9.9, Phy luc A.3.3.1)
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9.3.5 Bai toan mau 3

Thiét ké vai cot BTCT ¢6 tiét dién vudng (16” x 16”) chiu lyc dimg V, = 60 kips va luc
ngang a , = 12 kips. Gia thiét bé tong co ' = 4 ksi, thép co f, = 60 ksi.

f]
y |, =60 kios
RL_\ -
My =12 kips
1on
10

Budc 1-4
C6 lap ving D va thiét 1ap mot mo hinh gian o hop 1y dé truyén cac luc tir mat bién nay
sang madt bién kia cia vung D. Tinh ndi1 luc trong cac thanh chong va thanh giang.

Y ;

N :
< N o,

_____ .(6%L_____\_"-E‘:g____i____Lh,_f_____“__ I

= NCI )

! Fa
o0 \J : NA

4

e

200k
A

= T =z
A\ co'
D,

a)- Tinh bang tay b)- Tinh bang CAST
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Buwoce 5

Tinh cdt thép cua cac thanh giéng: AB, BD, DF, CD véi cudong d0 cuc han cua thanh
giang xac dinh theo cong thuec:

% Syt Ayl fre+ Afy)

& day khong co thép img suat trude (4, = 0), nén:
T
o,
v6i hé s6 giam cuong do ¢ = 0,75 theo ACI 318-08

e Thép giang AB: Tap =46,3 kips

.= _ 963 _103in’ = Chon 4 #5 (A1B =124 in?)
0,75 x 60

e Thép giang CD: Tep = 12,0 kips

A =—12 _—027in* = Chon 1 #4 (4P = 0,40 in?)
0,75 x 60

e Thép giang BD & DF: Tgp = 75,8 kips ; Tpe = 93,2 kips

=2 5 07in? = Chon 2 #10 (45P = APF =2 54 in?)
0.75 x 60

A

Thép giang 2 #10 can tinh cong thém vao thép doc cta cot hay bd tri uén cong nhur
hinh dang thanh AB nhu hinh dudi day:

N\
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Buérc 6
a. Kiém tra chiéu rong cua cac thanh chéng: AC, BC, CE, DE

Gia thiét thanh chéng dang ¢ chai ¢ thép ngang chiu cit thoa man diéu kién A.3.3 cua
ACI 318-08 (Bs = 0,75), nén cudng do bé tong hiéu qua ciia thanh chéng xac dinh bang:

fo =0.85B,f".=0.85%0,75x 4 =2,55 ksi

Bé rong cac thanh chdng xac dinh theo cong thirc:
e
W cub

v6i hé s6 giam cuong do ¢ = 0,75 theo ACI 318-08

w

e Bérong thanh chéng AC: Cac = 69,1 kips

= 9.1 =226 in
075 % 2,55 x 16

e B& rong thanh chong BC: Cgc = 88,8 kips

= 88,8 =2.,90 in
0,75 x2,55x16

e B@érong thanh chéng CE: Ccg = 135,8 kips

135,8 .
= - =444 1in (chuy: /2=222“<a=2,5": 0K
075%2.55%16 (chd ¥: wee )

e Bé rong thanh chéng DE: Cpg=21,2 kips

= 212 =0,69 in
0,75 x2,55%x 16

L Te

WBC

WCE

WDE

Két luan: kich thudc cac thanh chdng déu nam trong kich thudc bé tong vai cot.

b. Kiém tra thép ngang chiu cét vai cot phai thoa phuong trinh (A-4) cia ACI 318-08:

> :S’ siny; > 0,003

1

B6 tri mot 16p thép dai kin ndm ngang #4 @ 4,5” nhu hinh vé trang trude, do do:
As=2x02=04in’

y =58,57°
s =4,51n
b =161in

= ﬁsin y = Lsin( 58,57°)=0,0047 > 0,003 : OK
bs 16 x4,5
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N/

a)- Bd tri cbt thép cho vai cot b)- Phan tich U'S mé hinh STM bang CAST

Kiém chirng bz“mg CAST

thanh giang E1:
thanh giang E2:
thanh giang E5:
thanh giang E6:

thanh chéng E3:
thanh chong E4:
thanh chong E7:
thanh chong E8:
thanh chong E9:

4-405 (ty s6 US = 0,866 < 1)

2-4010 (tys6 US=0,725 < 1)

2-404 (tysd US=0,667 < 1)

2-4010 (ty s6 US=0,902 < 1)

hinh ¢6 chai c6 dai 4 0 4@4.5”, w = 6 in. (ty s6 US = 0,522 < 1)
hinh lang try, w = 3 in. (ty s6 US = 0,573 < 1)

hinh lang try, w =5 in < [w] = 6 in.(ty s6 US = 0,700 < 1)

hinh lang try, w = 3 in. (ty s6 US = 0,192 < 1)

hinh lang try, w = 3 in. (ty s6 US = 0,500 < 1)

nat 4 1: nat CCT (ty 86 USmax = 0,716 < 1)
nat 4 2: nat CTT (ty s6 USpax = 0,653 < 1)
nat a 3: nit CTT (7 $6 USmax = 0,320 < 1)
nat a 4: nit CCT (ty 6 USpax = 0,875 < 1)
nat 4 8: nlit CCC (ty $6 USpax = 0,375 < 1)
Két luan: mé hinh STM & trén thod méan yéu cau chiu luc (ref: SDORBEL)
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Chuong 10: CHE PQ LAM VIEC CUA BTCT CHIU LUC UON - LUC DQC

10.1

10.2
10.2.1

10.2.2

GIOI THIEU

Muc dich ciia phan nay 1a trinh bay céac thong tin tom lugc vé ché do 1am viéc hay tng xir
cua cac thanh phan BTCT thong thuong (khong mg suat trudce) chiu tac dung cua luc gay
uon va luc doc truc.

CHE PQ LAM VIEC CUA BTCT CHIU LUC GAY UON (DAM)

Khai quat

Cac phan trinh bay trong chuong 3 va chuong 4 di gidi thiéu bé tong bi ép ngang va cac
moi quan h¢ mémen-d6 cong. Cac thong tin trinh bay dudi day phuc vu cho viée xay dung
n@n ndi dung C}ia hai chuong d().‘ Vi muc dich ban luan dudi day, thanh phan két cau chu
yéu chiu lyc udén dugc goi la “dam”. Tiéu chuan ACI 318-08 dung gia tri ngudng chan gi
cua luc nén’doc truc dé xem két cau n}lu Ia mot “dam thuan tﬁy:’ hay “dém-,ccf)t” (beam—
column)? a éu ching ta tap trung vao diéu khoan §10.3.5 va cac di€u khoan chéng dong dat
trong chuong 21, gia tri ngudng chan luc doc dé két cau BTCT xem nhu “dam BTCT” 1a :

< Ag c - .
> P<—=— (10_ 1) £c = 0.003 Compression

g, 20,004 c

Dam phai co ty 1¢ kich thuéc va bd tri thép 4
sao cho thoa man céc yéu céu v€ ham luong
to1 da va toi1 thiéu cua cot thép doc chiu kéo.

&t

Ham lwong t6i thiéu ¢t thép chiu kéo ¥

3 I , Reinforcement closest
Can thiét mot ham luong thép chiu kéo toi to the tensicn face
thiéu trong dam dé dam bao rang :

> Momen khang uén M vuot qua mémen gdy nit M.,
> 4 Ut dugc phan bd tot
+ Véi dam chir nhat, dién tich thép chiu kéo nhé nhat bang: (§10.5.1 ACI 318-08)

[3\/>b d200b d} (10-2)

v6i £ (psi) 1a cuong do bé tong, f, (psi) 1a cuong do thép, by, (in) 14 chiéu rong suon dam,
d (in) 1a chiéu cao hiéu qua.

A

S, min —

Piém chuyén tiép trong (10-2) tir giéi han thir nhit dén gi6i han tht hai la f .= 4400 psi.
Voéi f . =2500 psi va f, = 60 ksi, ham lugng thép chiu kéo nho nhét Pmin 1A

. Asmm_max(%/g,zoo ~ max(2Y22%0 200 y— 90033 = 0,33 %
by, d fy fy 60000 " 60000
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+ Véi ddm chu T cod canh chiu kéo, lugng thép chiu kéo A min cin thlet dé bdo dam cuong
d¢ khang uon cua tiét dién c6 gia cuong thép bang cuong dg cua tiét dién khong gia cwong
thép, 1a hai lan 16n hon so véi dam  chir nhat hay dam chir T ¢6 canh chiu nén. Do d6, véi
dam chit T c6 canh chiu kéo, ACI (§10.5.2) yéu cau dién tich thép chiu kéo nhé nhit la:

6¢f, 3|f.
Aq iy = min fﬁbwd,”‘)bfd,fﬁbfd (10-3)

s,min —

vOi by, (in) 1a chiéu rong suon dam chit T, br (in) 1a chiéu rdng canh dam chir T.

10.2.3 Ham lwong tdi da cot thép chiu kéo
ACI ciing yéu cau khéng ché mot ham luong tbi da cbt thép chiu kéo trong dam dé:
» thuén loi cho thi cong bé tong.
> bao dam thép chay déo trude khi bé tong bi nghién va.

C6 thé ding mot trong hai phuong phap sau dé xac dinh ham luong tbi da thép chiu kéo:
phuong phap truyén théng (ACI 318-99, phan §10.3.3) va phuong phap hop nhat (ACI
318-08, phan §10.3.3).

1)- Phwong phap truyén théng (Traditional Aproach, ACI 318-99)

Xét hinh sau do MacGregor cung cap:

B1=0.85voi £ <4 ksi

8b = ftp

7 =N

S 3 A d i
o0 0 — —

Bién dang
khi p # py

I
I

@ tb} 4 6i luc
At dib ’ A Bién dan
Tiét dién Ung suat fer () bicn dang (e}

khi p = py,

Chiéu cao dén truc trung hoa (cy) tat vi tri can bang _ -) c6 thé dugc xac
dinh bang can bang ndi lyc trén tiét dién vé trong hinh (c) & trén. Gia thiét E, = 29,000 ksi

cho thép, ham lugng thép can bang (py) ¢ thé tinh nhu sau:

_o,ssslfg[ 87000 }

fy 87000 +f,,

(10-4)

V(nfcvaf c¢6 don vi 1a psi. Vidu véi f «=2500 psiva f;, =60 ksi, = p,=0,0178
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Mén hoc: Phan Tich Ung Xur & Thiét K& Két CAu BTCT Bién dich: PhD Hb Hiru Chinh
025
0es —
I I
! vola= L-.Ic
1>
® o8 — T
) I I I I I
- 4200 3az0 12002

Carpressive strength, T, {psi;

Biéu d6 xac dinh hé sb B, trong cong thic (10-4)

Trong ACI 31899 phan §10.3.3, ham luong thép tdi da 1a ppay = 0,75p, ma & tao ra didu
kién bién dang cin bang, cu thé 1a khi thép chiu kéo vira dat bién dang déo &, thi bé tong
ving chiu nén ciing vira dat bién dang pha huy 1y thuyét e., = 0,003 (nhung diéu khodn nay
bi loai bé trong ACI 318-08). Tuy nhién, do sy thay d6i cudng do thuc té cua thép va bé
tong so v4i cac gia tri danh nghia, mot dam trén danh nghia thoa yéu cau p < 0,75 py, ¢6 thé
bi phé huy nén (don). Va khi ham luong thép tién gan 0,75 p, , ddm c6 thé bi vong va nut
qué muc cho phép. Vi cac 1y do nhu vay, trong thuc hanh nén gio1 han : pya = 0,5p5
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2)- Phwong phap hop nhit (Unified Approach, ACI 318-08)

Mot phuong phap hop nhit dé thiét ké cac thanh phdn BTCT dugc trinh bay trong ACI
318-08 phan §10.3.3. Phan nay gidi thiéu viéc dugc phép st dung cong thirc chuyén tiép
ctia hé sb giam cuong d6 ¢ (strength reduction factor) khi c¢6 nhiéu thép hon thém vao tiét
dién. 4 éu trong tac dung, thi trong
ACI 318-08 hé s6 ¢ dugc xac dinh theo su phan bd bién dang trong tiét dién voi cuong do
danh nghia cta vat li¢gu BTCT. Khong c6 gidi han trén py,.x dugc ap dat Ién ham luong thép
doc trong dam.

Tiéu chuan ACI 318-08 phan §9.3.2 x4c dinh ¢ = 0,9 cho tiét dién “dam” (tension-
controlled section), = 0,65 cho tiét dién “cot” (compression-controlled section) voi thép
dai thuong, hay ¢ = 0,75 cho tiét dién “cot” voi thép dai xoan nhu hinh dudi day:

¢ = ¢ =0.75 + (g, 0.002)(50)
. ', MN3 Compression
0.90 - T
0.75 -2 -7 ¢
¢ = 065+ (£,-0.002){250/3} d
0.65 d '
) Oither - t
Compression Tension
controlled—.__ Transition controlled
: £, = 0.002 et = 0.005 ° N .
. 1
€ - 0600 € - 0375 J
o o

¢ tinh theo c/d; & Spiral ¢ = 0.75+0.15[(1/eid,) - (5/3)] Bién dang thép chiu kéo ngoai cung &,

ving chuyén tiép:  Qther ¢ = 0.65 +0.25[(1/c/dy)- (5/3)]

bung hon 1a, mot tiét dién xem la “dam” (do keo quyét dinh) néu bién dang kéo thuc ¢
(bao gdm tir bién, co ngdt,...) trong 16p cot thép xa nhat tir mat chiu nén (khong phai chiéu
cao ¢6 ich d) cua dam vuot qua 0,005 va khi d6 ¢ = 0,9. Mot tiét dién xem 1a “cot” (do nén
quyet dmh) néu bién dang kéo thuc & < &y va khi d6 ¢ = 0,65 hay ¢ = 0,75. Céc cong thic
chuyén tiép tuyén tinh xac dinh hé sb ¢ € [0,65 ;0,9] khi thay d6i gia tri & € [0,002 ; 0,005].

Tiéu chuan ACI 318-08 ph?m §10.3.5 qui dinh cac két cau chiu uér} khong tng suét trudc
co tai trong doc truc thap hon 0,1f°.A, (phuong trinh (10-1)), bién dang thép chiu kéo
ngoai cung ¢, tai cwong d6 danh nghia M, khong thap hon 0,004
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Bai toan miu 1: Cwong dd chiu udn (M,) ciia dim BTCT bb tri thép don
Xét dam chit nhat thép don & hinh dudi, cho biét bé tong £, = 4 ksi, va thép f, = 60 ksi.

I — g, = 0,003 0858 = 2.4 ksi
’ 7] Jaemaes
b - 0=402 f/ 3=pe =418 ;;;;E;‘ C=035%ha
| Mo 4 J-stirrup f’f n.a. DLl ez 2 o
s de= 13,50 /
2No. 2
|l e = o _ S
| 2I0" e = 000523 =142.2 kips
115" cover Strain Stress
Giai:
a. Xac dinh phan phoi g suit trong bé tong theo §10.2.7 ciia ACI 318-08
Dién tich thép chiu kéo A =2.37 in® (340.8)¢c6d;=h-25=16-2.5=13.5”
Gia thiét > gy , n01 luc do thép chiu kéo A tham gia:
T=Af,=2.37x60=142.2 kips (§10.2.4)
Agf 142.2
DoT=Ce Asfy =085f'.ba > a=—"2 = =4.18”
0.85t".b 0.85x4x10
b. Xac dinh bién dang thép &, va hé s6 giam cwong dd ¢
Chiéu cao ving bé tong chiu nén bang:
4.1
T
B; 0.85
Bién dang thép chiu kéo bang:
e&s=¢y(di-¢)/c=0.003 (13.5-4.92)/4.92=0.00523 > 0.005
Do d6 tiét dién 1a chiu “udn” (tension-controlled) (§10.3.4)
= ¢=09 (§9.3.2.1)

Mit khac vi g, = 0.00523 > 0.004 nén thoa diéu kién (§10.3.5) cho két cau BTCT chiu udn,
gi tri nay clia g ciing xac nhan gia thiét g, > gy O trén 1a chinh x4c.

c. Xac dinh cwong dd udn danh nghia M, va cwong dd udn thiét ké oM,
M, = Ay (d; - 0.5a) = 142.2 x (13.5 - 0.5 x 4.18) = 1662.3 kips-in = 135.2 kips-ft
= O0M;=0.9x(135.2)=121.7 kips-ft (§9.3.2.1)
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Mén hoc: Phan Tich Ung Xur & Thiét K& Két CAu BTCT Bién dich: PhD Hb Hiru Chinh
d. Kiém tra ham lwong thép chong udn toi thiéu
3/f
Ag min =—wadz@bwd (§10.5.1)
’ fy fy
3)/f N
voi Ve, q-3¥4000,5 135 - 043t 2% a= 2% 10x13.5 = 045 in?
fy 60000 fy 60000

Do thép chiu kéo Ay =2.37 in® > Asmin = 0.45 in® nén dat yéu cAu.

10.2.4 Ché dd 1am viéc ciia dAm chiu udn

Gia thiét ring mot dam va cdt thép clia né thoa man cac yéu cau trén, hién nhién 1a cuong
do khang udn cua dam phu thudc chu yéu vao tich sé gitra luc doc (T) va canh tay don (jd),
cu thé phu thudc vao Afy(jd). Su gia tang dién tich thép (A;) kéo theo su gia tdng cuong do
khéng udn.
Vai tro hay anh hudng cuia thép chiu nén trong tiét dién nhu thé nao? Theo chuong 4,

» tang d§ cing va tang cuong dd vung chiu nén.

> tang mot it cudng do khang ubn.

> tanglén trong kha ning bién dang, d6 déo, va ty 1& chay déo.

Vai tro hay anh hudng cua thép ngang hay thép dai nhu thé nao? Theo chuong 4,

> tang khong dang ké cuong d6 khang udn.

> tang rat 16n trong kha ning bién dang va do déo.
o tang kha niang bién dang cua bé tong (chuong 4).
o lam cham hay giam oan (buckling) ctia thép doc.
o giam Gng suat cit trong 1561 bé tong bi ép ngang.

Céc anh huong do ¢ thém thép chiu nén va thép dai dugc trinh bay dudi day véi thong sb
vat liéu va kich thudc tiét di¢n dam trong vi du mau dam BTCT chiu uon ¢ chuong 4:

2"

) 7.
% /f//%:frf 2#9 <« thép chju nén
7 7

M

#5 ties (@ 4 in. on center
(thép dai)

bR
s

—0—0 @ 3#9 <« thép chiu kéo
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5000
4000

=

: -~

= 3000 -

N

s

g 2000 1 @ khong thép nén + khong thép dai

<

> A 6 thép nén + khong thép dai
1000 1 ® khong thép nén + 6 thép dai

0 ; \
0 1 10 100
Do cong - log(¢x10 ?)
. Khong thép dai Khong thép dai Cé thép dai
Dam BTCT 8P S0P P
Khong thép nén Co thép nén Khong thép nén

M, 3207 3238 3207
by 1,56E-4 1,50E-4 1,50E-4
M, 3282 3331 3215
Oy 0,72E-3 1,0E-3 1,19E-2
o 4,6 6,7 79,3
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10.3 CHE PQ LAM VIEC CUA BTCT CHIU LUC GAY UON VA LUC DQC (COQT)

10.3.1 Giéi thiéu va cac gi6i han vé cot thép

Khong nhu cac tiét dién dam, trong ti€u chuan MY cac tiét dién cot thuong dbi xting ca hai
truc. Tuong ty dam, ACI 318 qui dinh ham lugng thép toi thiéu va toi da trong cdt.

ACI 318-08 phan § 10.9.1 qui dinh tong dién tich thép doc trong cot (A) khong nhé hon
1% va khong lon hon 8% cua dién tich tiét dién cot (Ay). Cho thiét ké chong dong dat, gisi
han trén giam xudng con 6% cua dién tich A, (phéan § 21.6.3).

Gi61 han dud6i 0,01A, thira nhén rang mét luong thep can thiét nho nhat dé chong anh
huong ubn du co tinh hay khong lyc gay ubn trong cot. Hon nita, thyc nghiém da chi rang
tir bién va co ngét dan dén sy truyén lyc doc tir bé tong sang thép, ma hau qua 1a gia ting
g suat trong cbt thép. Sy gia ting cang 16n khi ham luong thép cang giam.

Gi61 han trén 0,08A, xét dén ham luong thép 16n nhat trong thuc té vi cac 1y do kinh té va
dé dang cho thi cong.
10.3.2 Anh hwéng ciia lre doc va cac duwdng cong twong tic
Luc tai doc truc con nhd, Gng xir ca tiét dién cot gan nhu tng xir cta tiét dién dam. Khi
tang tai doc truc :
> yéu cau trén ving chiu nén ting.
> cuong do khang udn co thé ting hay giam.

> kha ning bién dang (d cong t6i han) giam.
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Anh huéng luc doc (P) trén tmg xtr cta tiét dién cot nhan thiy duoc qua biéu do twong tac
P-M (P-M interaction chart) nhu vi du tiét dién cot dudi day :

Sechicon crachs

e Farn siraes
“-\. in "engion reinforce ment
hw
W - Ty e =O[F=
. il
| ..
= . -
foo==057

= .
—_ Bo Maximum axal «0ad ta=-D5e,
ﬁ 'J!'Pnl;mn:: - N
= Eq. " 1-4b (& =—05]
-3 BOO —
4 | Balanced feilure

= I Compression-oontroled |
:L. ) 1-1 = .I'F
] A2 —
=5 Fg =1,
g (Z=-1.0
o - Terson-conirciied hmit _

Campressicn

Tension-zontralled =y
DiZ2=-40)]

Tenxion

1O . 203 30 A0
Momanit, A, and &M, (H-kipa)

b= 16 In.
ld; = 2.5 n,

'] — 3 r
A'_E =
4 Mo. 8 bars |
h = 16 In, l ’ dy = 135 In.
Apy =
4 Mo, 9 bars P
[} = )
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O hinh duéi, MacGregor trinh bay cac so dd phan bd bién dang twong tng véi cac diém
ddc trung cta bicu do tuong tac P-M :

L Purs compressfon

fru l

i Balanced fallure

Axlal load, P,

E
Momant, M,

’E,u > Er’

a am diém duoc nhin dang trong biéu do twong tac & trén la:

nén thuan tiy, khong momen udn: diém A

nén + ubn léch tim nho: diém B < &, = &, (bé tong) & & < gy (thép)
pha hoai can béng: diém C « ¢, = g, (bé tong) & & = g, (thép)

nén + ubn léch tam 16n: diém D « &, = g, (bé tong) & & > &y (thép)

V V V VYV V

udn thuan tay, khong ¢ luc doc: diém E
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a guon gbc ctia biéu d6 trén twong ddi dé hiéu va san co trong hau hét cac sach BTCT. Chu
y rang qua trinh dan giai dugc mo ta tom lwoc dudi ddy nhim xéac dinh cac diém danh

nghia (M, Py) chir khong phai cac diém t6i han (OM, ¢Py). Truong hop tong quat 1a tinh
luc doc P, tac dung tai tm tiét dién va momen udén M, tac dung quanh truc qua tAm tiét

dién cot, trong do gia thiét phan bd bién dang co bién dang bé tong max &, = 0,003. Xét vi
du mat cat cot chir nhat dudi day cua MacGregor.

o, = 0.003 Compression

{posltlve)
A4 e |
ds "
A -
L "
&y 5 e
S K S =
e SO S -
" _,_,_L_‘ \‘681 = z'Ey "H
{a) Croas section. (b} Straing, () Streasas {all positive).

Gia tri (M,,, P,) dugc xac dinh be“lng cach gan ¢, = 0,003 va gia st mot gié tri &5 = Zgy ,
véi Z 1a gia tri chon bat ky. Gia tri dwong (+) ctia Z tuong g voi cac bién dang nén trong
phan (b) cua hinh trén. Khi Z = -1, thi &5 = - gy (bién dang déo chiu kéo). Gia tri Z = -1
biéu dién diéu kién pha hiy can bang (balanced failure condition).

V6i gid tri cho trude Z va &, = 0.003, cac bién dang thép c; va bién dang bé tong hoan toan
duoc xac dinh :
> Céc ung suat thép (fy)
= Tuan theo luat Hooke: f;; = Eg khi g4 <,
= Khoéng thay ddi (const): f; = f, khi & > ¢,
> Cac ng suat bé tong (f.) QUQC thay thé boi khéi img suit tuong duoqg Vo1 gia tri
trung binh 0.85f"; va chiéu cao vung chiu nén a = ;¢ < h (chiéu cao cdt),
B1=0.85voi f°. <4 ksi

(5 - o
; \
F x
o o @ === " 2 :
4 c 2 h
Faa £ [ {3 — i
® ® iyl o 1 _ll'.:ﬂ -8, 2
_ _ _ _ p e 2y
F'Z [ i
L ] ® | W oo oo ot —"'“AY {% - dy
F
e o o vkt ¥ A \1
(2 - a2
{a) Saction. by Forces on sectlon,
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Luc nén cua bé tong la :

C, = (0,85f,)(ab) (10-5)

Luc nén cua cot thép 1a :

Fsi = fsilesi véi fsi < fy (10'63)

a éu a > d; cho mot 16p thép cu thé A ndo do6, can phai giam bt tmg suat thép (fi)) mot
lugng 0.85f; trude khi tinh Fy;, do d6 c6 cong thirc chinh xac hon 1a :

= (f; —0,85f,)Ag; (10-6b)

Cuong do chiu lyc doc béng téng cac lyc doc trong cdt thép va bé tong, cu thé 1a :

Pn :Cc+sti (10-7)

i=1

Cuong do chiu momen udn bang tong mémen tat ca ndi lyc quanh tryc trong tdm cua tiet
dién, cuthéela:

h a S h
M =C.o-3,:SYFE-d ;
=C5-) ;51(2 ) (10-8)

Va nhu vay diém (M, , P,), tuong tmg véi _ da dugc thiét
1ap trén duong cong tuong tac. Qua trinh tinh ldp cho cac gia tri Z khac nhau, nham Xac
dinh cac truong hop dién hinh: khéng 6 tai doc truc (M, , 0), khong c6 momen ubn (0, P,,)

va (0, T).
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Bai toan miu 2: Strc chiju tii cot chiu lwe doc-mdémen (P,-M,,)

Tinh kha ning chiu luc doc-mémen (P,-M,,) cot vudng khi tng suat 16p thép gan mit chiu
kéo bang 0.5f, (5 = 0.5¢,). Cho biét bé tong . = 4 ksi, va thép f, = 60 ksi.

i b=18" i
h/2
No. 3 ties
h=18" T
d 8 No. 8 hars
®
§
1.5" cover
Giai
H—h = 16" ——=| )
| ey=0003 Bl
T 1 d3 €s3 _T } E: l— Cs3 = As3f53
hi2 c T a=pc e ’
dz . C.=0.85f_ba
h=18" L | d1 v 9 €s2 [— csZ = Aszfsz
8 No. 8 hars
! Ty = A§1fs1
€s1 = 0.5¢y
1.5" cover
e. Xac dinh phan phdi irng suat va ndi luc theo §10.2.7 cua ACI 318-08

Lop thép Ag =2.37 in* (3 4 0. 8) c6 d; = 13.62”
Lop thép A =1.58 in* (24 0. 8) co dy =87
Lép thép A =2.37in” (3 4 0. 8) c6 d3 =2.38”
e Bién dang (g) cua 16p thép gan mit chiu kéo (A,) bang:

fg _ 03fy _0.5x60

- =0.00103
E, E, 29000

&1 =

i 01 luc do thép chiu kéo Ay tham gia:
T = Aq s = Aq1 (0.5f) =2.37x 0.5 x 60 = 71.1 kips
e T diéu kién twong thich vé bién dang, ta c6:

¢ _dj—c _ __ 0003 _ 0.003x13.62

= = = =10.13”
0.003 €] gg1 +0.003  0.00103 +0.003
= a=p;c=0.85(10.13)=8.61" (§10.2.7.1)
4 6i luc do bé tong chiu nén tham gia:
C.=0.85:ba=0.85x4x 16 x 8.61 =468.4 kips (§10.2.7)
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« Bién dang thép A, chiu nén (d0ida =87 < E=10/13%) bing:
g =6y (c-dy)/c=0.003 (10.13 - 8) / 10.13 = 0.00063 < &, = 0.00207

= thép chiu nén Ay, khong chay déo: fp <f;

4 6i luc do thép chiu nén Ay, tham gia:
Co=Anfo=AnenEs=1.58 x0.00063 x 29000 = 28.9 kips
e Bién dang thép Ay chiu nén (_) bang:
g3 =8y (c-d3)/c=0.003(10.13 -2.38)/10.13 =0.0023 > g, =0.00207
= thép chiu nén Ay chay déo: f3 =1
4 6i luc do thép chiu nén Ag; tham gia:

Ci=Anfa=Agf,=2.37x60=142.2 kips

b. Xac dinh (P, - M,) tir diéu kién can bang:
Po=Cc+Cgp+ Cg-T=468.4+28.9+142.2-71.1 =568.4 kips
M, = C¢ (0.5h - 0.5a) + C, (0.5h - dy) + Cg3 (0.5h - d3) + T (d, - 0.5h)
=468.4x (8-431)+289x(8-8)+142.2x (8-2.38)+71.1 x (13.62 - 8)
=2927.1 kips-in = 243.9 kips-ft
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10.3.3 Cac dwong cong twong tac thiét ké cot

Phuong phép tinh cac diém (M, , Py) da dugc mo ta ¢ trén. a himg diém nay duoc hiéu
chinh cho phu hgp muc dich thiét ké s€ dugc trinh bay duoi day.

Cuong dd cua cot chiu tai ding tdm 1a :

P, = (0,85f, YA, A+ A (10-9)

V01 A, 1a dién tich toan by mat cit ngang ct, Ay la tong dién tich cot thép doc, va 0.85f7 1a
ung suat bé tong 16n nhat. Gia trj tng suit nay dugc rat ra tir két qua thi nghiém.

Cuong d¢ tinh theo phuong trinh (10-9) c6 thé ap dung trong thyc té khong? Khong, vi
momen udn ludn ton tai, va bat ky momen nao ciing s& dan dén viéc giam kha nang chiu tai
doc truc cua c6t. Tai sao momen udn luédn tdn tai?

> Do cac méomen khong cin bang trong dam truyén vao cot.
> Do su khong thang hang ctlia cAc cot tir tAng san nay qua tang san khac.

> Do su khong thang hang cua cdt thép trong cot.

Dé tinh dén anh huéng clia cac momen hay léch tim ngau nhién, ACI qui dinh cic giéi han
cua tai trong 16n nhat trén cot :

> Phimax) < 0.85P) cho cdt co thép dai xoan (P tinh theo (10-9)).
> Phmax) < 0.80Pg cho cdt ¢6 thép dai thuong (Py tinh theo (10-9)).

o taisao co su khac nhau gitra cot co thép dai thuong va dai xoan ?

Véi cot co thép dai xoan, ACI (phuong trinh10-1) qui dinh

¢Pn(max) = 0,85¢[0,85fé (Ag —Ag)+ fyAst] (10-10)

Vi cot co thép dai thuong, ACI (phuong trinh 10-2) qui dinh

¢Pn(max) =0,30¢[0,85f (Ag —Ag)+ fyAst] (10-11)
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Bay gio quay lai duong cong tuong tac ¢ trang 9,

1600 ~a

Sectan cratks

§200 -
A, farg 5irpss
"‘.‘ in laraxon reinforcamenl
"
Wt - e r=0iZ=0

fy=—03 ry
g = -0E e,

tawmum axial lead 2P, B,

E ¢Pn(ma\) (Z=-05)
T sl theo (10-10)
¥ hay (10-11) Balancee eikira
" Comprassion-c molled lim!
% DG = fn=
X = g
E (Z=—
a0 b Tengitreronteolled el ThT

COm pression

Tans of-condre bed it

Dé thiét ké cot, luc doc va mémen udn phai thod man hai phuong trinh sau:

OP, =P | (10-12) wva  [6M, =M | (10-13)

voi Py va My, 1a cac luc doc va momen t61 han tinh toan (nhan hé sd vuot tai), P, va M, la
cac cudng d6 danh nghia cua tiét dién cot, and ¢ 1a hé sd giam cuong do (strength
reduction factor).
Vi cac gia tri lyc doc 16n (ving AB cua dudng cong tuong tac):

» &=0.65 cho cdtcod thép dai thuong (ACI 318-08)

> $=0.75 cho cot cé thép dai xoan (ACI 318-08)

o ¢ cua cot co thép dai thuong thap hon vi pha hoai ctia n6 thudng don hon so
v6i cot ¢o thép dai xoan.

Tai sao gia tri ¢ = 0.75 dung cho cot c6 thép dai xodn nho hon ¢ = 0.9 dung cho dam ?

> Do thay d6i cuong d6 bé tong anh huong trén cot manh mé hon trén dam.

> Do pha hoai ciia c6t 1a tham khdc hon dam.
Piém chuyen tlep tir ¢ = 0.65 hay = 0.75 dén ¢ = 0.9 trong udn thuan tay (tai P, = 0) & dau?
Diém chuyén tiép (C) dugc hinh thanh trong viing phd hoai kéo, ma 1a bén dudi diém can
bing (B). Tiéu chuan ACI 318 qui dlnh su thay doi gia tri ¢ bat dau tai mot cudng do chiu
tai doc truc ¢P, = min( ¢Py, ; 0 1Af). 4 6i chung, gi6i han thir hai 0, 1A,f" cho gia tri nho

hon. Luc nay gia tri cua hé sd ¢ tang tuyén tinh tir (0.65 hay 0.75) dén 0.9 khi tai trong doc
truc P, giam xudng zero.
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Bai toan miu 3: Lap dwong cong twong tac (P,-M,) thé hién kha ning chiju tai cot

Tinh kha ning chiu luc doc-mémen (P,-M,,) cot vudng theo cac diéu kién bién dang sau:
1. Ung suét thép mat chiu kéo bang 0 (g = 0)

2. Ung suét thép mit chiu kéo bang 0.5f (g5 = 0.5¢y)

3. Tai mit cit gidi han chiu nén, compression-controlled section (e = e, = 0.002)

4. Tai mat cat giéi han chiu kéo, tension-controlled section (g = 0.005)

Cho biét bé tong °. = 4 ksi, va thép f, = 60 ksi.

‘«—b = 16”—»‘

h/2
No. 3 ties
h=16" — 11— + I
d 4-No. 8 bars
§
1.5" cover
Giai:
1. Tinh (P,-M,) cdt vudng theo diéu kién bién dang &, = 0
«—b=16"—
l g, =0.003 0.85f, = 3.4 ksi
f d g/
/ R -
h’f No. 3 ties ! —— a=pil 1
h= 16" -+ “ T Ie 7 1
L4-No. 8 barsJ e
! T=0
£ =00
T1 5" cover
A=A =2(079)=158 in.? Strain Condition - 1 Stress

a. Xac dinh phan phdi tng suat va noi luc theo §10.2.7 cia ACI 318-08
d=1.5+djo3+05dios=15+0375+0.5=2.38”
d=h-d’=16-2.38=13.62"

Vigg=0=c=d;=13.62" (§10.2.7.2)
= a=p;c=0.85(13.62)=11.58” (§10.2.7.1)
véoi B =0.85 khi £, =4 ksi (§10.2.7.3)
4 6i luc do bé tong tham gia chiu nén:

C.=0.85:ba=0.85x4x 16 x 11.58 =630 kips (§10.2.7)
gy =fy,/ Ey=60/29000 = 0.00207 (§10.2.4)
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Tur diéu kién tuong thich vé bién dang, ta co6:
g5 =gy (c-d)/c=0.003 (13.62 -2.38) / 13.62
£’s=0.00248 > g,=0.00207 = thép chiu nén chay déo (§10.2.2)
4 6i luc do thép chiu nén tham gia:
Cs=A’sf, = 1.58 x 60 = 94.8 kips
b. Xac dinh (P, - M,) tir diéu kién c4n bang:
P,=C.+ Cs =630+ 94.8 = 724.8 kips
M, = C. (0.5h - 0.5a) + C, (0.5h - d°)
=630 x (8.0-5.79) + 94.8 x (8.0 - 2.38) = 1925.1 kips-in = 160.4 kips-ft
Do léch tim e = M, / P, = 1925.1 / 724.8 = 2.66”
Do d6, véi diéu kién bién dang &,=0 = ¢ =0.65 (§9.3.2.2)
Cudng do chiu tai doc truc thiét ké: ¢P, = 0.65 (724.8) = 471.1 kips
Cuong d6 chiu momen udn thiét ké: oM, = 0.65 (160.4) = 104.3 kips-ft

2. Tinh (P,-M,) cot vudng theo diéu kién bién dang &, = {5e
b=16"
l £, =0.003
f d’ ek i 7
; a=pc
hf | :No. 3 ties ! © T l] e
h= 16" —+ [
4-No. 8 bars
L — T= Asfs
&s = 0.5gy
1.5" cover

Strain Condition - 2

f.  Xac dinh phan phdi ing suét va ndi luc theo §10.2.7 cia ACI 318-08
d’=2.38";d=h-d’=16-2.38=13.62"
Tir diéu kién twong thich vé bién dang, ta co:
¢ _di-c _ 0003, _  0.003x1362
0.003  0.5¢, 0.5¢, +0.003  0.5x0.00207 +0.003

=10.13”

Bién dang thép chiunén Ia :
g’s=gu(c-d)/c=0.003(10.13 -2.38)/10.13 =0.0023 > ¢, =0.00207
= thép chiu nén chay déo

=a=p1c=0.85(10.13)=8.61" (§10.2.7.1)
4 6i luc do bé tong tham gia chiu nén:
C.=0.85.ba=0.85x4x 16x 8.61 =468.4 kips (§10.2.7)
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

4 6i luc do thép chiu nén tham gia :
Cs=A’sf, = 1.58 x 60 = 94.8 kips
4 6i luc do thép chiu kéo tham gia :
T = A fi = As(0.5f,) = 1.58 x 30 = 47.4 kips
c. Xacdinh (P, - M,) tu diéu kién can béng:
Po=C.+Cs-T=468.4+94.8-47.4=515.8 kips
M, = C, (0.5h - 0.5a) + C, (0.5h - d”) + T (d - 0.5h)
=468.4x (8.0-4.31)+94.8 x (8.0 -2.38) +47.4 x (13.62 - 8.0)
= 2527.6 kips-in = 210.6 kips-ft
Do léch tim e = M, / P, = 2527.6 / 515.8 = 4.90”
Do d6, voi diéu kién bién dang & = 0.5, =0.00104 = ¢ =0.65 (§9.3.2.2)
Cuong do chiu tai doc truc thiét ké: oP, = 0.65 (515.8) = 335.3 kips
Cudng do chiu momen udn thiét ké: M, = 0.65 (210.6) = 136.9 kips-ft

3. Tinh (P,-M,) cdt vudng theo diéu kién bién dang &, = 0.002

K b=16" '
| | l £, =0.003
T d el
hjlz | :No. 3 ties ! ¢ T
h=16" -+ R S
L4-No. 8 bars
. T=Ad,
€ = &y
1.5" cover

Strain Condition - 3
a. Xéc dinh phan phdi (mg suét va ndi luc theo §10.2.7 ciia ACI 318-08
d’=2.38";d;=h-d’=16-2.38=13.62"
Tur diéu kién twong thich vé bién dang, ta cé:

c _di=c _ __ 0003, _ 0.003x13.62 _
0.003 ¢ gy +0.003  0.00207+0.003

2

y
Bién dang thép chiu nén 14 :
gs=g,(c-d)/c=0.003(8.06-2.38)/8.06=0.00211 > &, = 0.00207
= thép chiu nén chay déo

= a=;c=0.85(8.06)=6.85" (§10.2.7.1)
4 6i luc do bé tong tham gia chiu nén:
C.=0.85:ba=0.85x4x 16 x 6.85 =372.7 kips (§10.2.7)
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

4 6i luc do thép chiu nén tham gia :
Cs=A’sf, = 1.58 x 60 = 94.8 kips
4 6i luc do thép chiu kéo tham gia :
T =Asfi = A f, = 1.58 x 60 = 94.8 kips
b. Xaéc dinh (P, - M,) tu diéu kién can béng:
Po=C.+Cs-T=372.7+94.8 - 94.8 = 372.7 kips
M, = C, (0.5h - 0.5a) + C, (0.5h - d”) + T (d - 0.5h)
=372.7x (8.0 - 3.43) + 94.8 x (8.0 - 2.38) + 94.8 x (13.62 - 8.0)
=2770.5 kips-in = 230.9 kips-ft
Do léch tim e = M, / P, =2770.5 / 372.7 = 7.43”
Do d6, voi didu kién bién dang & = &, = 0.002 = ¢ = 0.65 (§9.3.2.2)
Cuong do chiu tai doc truc thiét ké: ¢P, = 0.65 (372.7) = 242.3 kips
Cudng do chiu momen udn thiét ké: M, = 0.65 (230.9) = 150.1 kips-ft

4. Tinh (P,-M,) cdt vudng theo diéu kién bién dang &, = 0.005

L b=16" ‘

| ‘ l g, =0003 a=pc
T EE 4 e I
. ¢ v

h'f No. 3 ties ‘ ) _T_
h=16" -+ o
L 4-No. 8 bars l
€. =0005 - TEA

1.5" cover

Strain Condition - 4

a. Xéc dinh phan phdi (mg suét va ndi luc theo §10.2.7 ciia ACI 318-08
d’=2.38";d;=h-d’=16-2.38=13.62"
Tur diéu kién twong thich vé bién dang, ta c6:
¢ _de—e_ _ 0003d, _0.003x13.62
0.003 & g +0.003  0.005+0.003

2

Bién dang thép chiunén Ia :
gs=g,(c-d)/c=0.003(5.11-238)/5.11=0.0016 < g,=0.00207

= thép chiu nén khong chay déo

=a=p1c=0.85(5.11)=4.34" (§10.2.7.1)
a 6i lyc do bé tong tham gia chiu nén:
C.=0.85.ba=0.85x4x 16 x4.34 =236.1 kips (§10.2.7)

4 6i luc do thép chiu nén tham gia :
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Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Co=A’fs=A e E;=1.58 x 0.0016 x 29000 = 73.3 kips

4 6i luc do thép chiu kéo tham gia :

T =Afi = A f, = 1.58 x 60 = 94.8 kips

b. Xéc dinh (P, - M,) tu diéu kién can béng:

Po=C.+ Cs-T=236.1+73.3-94.8=214.6 kips

M, = C, (0.5h - 0.5a) + C, (0.5h - d”) + T (d - 0.5h)
=236.1x(8.0-2.17) + 73.3 x (8.0 - 2.38) + 94.8 x (13.62 - 8.0)
=2321.2 kips-in = 193.4 kips-ft

Do léch tim e = M, / P, =2321.2/214.6 = 10.82”

Do d6, véi diéu kién bién dang &, = 0.005 = ¢ =0.9 (§9.3.2.1)

Cudng do chiu tai doc truc thiét ké: P, = 0.9 (214.6) = 193.1 kips

Cudng do chiu momen udn thiét ké: M, = 0.9 (193.4) = 174.1 kips-ft

Toan bo biéu do twong tac (P, - M,) va (¢P,, - M, ctia cot duoc biéu dién nhu hinh v& sau:

. TH1: g,=0 TH2: e = 0.5¢,
1000 TH3: g,=g, TH4: g =0.005
T
-~ M,
BOO - /

I (Pn-My)

g [ o ¢ =0.65
= 600 P
E .phwong trinfi ~ .. TH 2
- (10-11)
8
| - !
OPn=0Mn) (-0 TH3 ~0.65
COMpression- (I) - Y.
controlled limit v > ¢ =09
A
200 |
=0.9
tensicned- (I)
controlled lmit
1]
1] 50 100 150 200 250

Bending Moment, ft-kips
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker
Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Bai toan miu 4: Lap dwong cong twong tac (P,-M,) bing GALA software

1000

\
ACI 318-08 | ...
~ fe=22MPa "l ...
2 750 ~ . < f, =335 MPa »»7
~ ol
x T~ 2 S
~ ol
3 L
(o) 500 N ~
- —— N
) N
b
< 250 N\ y

— = (P-N)nominal ) 1 -
— (P-N)design -
0 | L

0 50 100 150 200
Bending Moment (kNm)

A Ll Beinorcemend 4.1

Fapt_ i g LR
T Lo el g 3
T | m= ek T}v\:. [T T o T W) T L
g R Rt A i o eaed o pak hs
1 LR R L L Ems I
A0 A
|
ECO T I RO T | Tt L TR t
IEmamn crslan
ik | 1 el
1l o = I =iy o—n e em, e, - 5 FF
mapm el cmveweusn 00— (I - C E-.'-.‘l-'-
=
e T -
o4 [ = T o
A1 el F N
L A

.
P P e L R e i e | i i E 5|
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép
Mon hgc: Phin Tich Ung Xt & Thiét Ké Két Cau BTCT

Bai giang: Prof. Andrew Whittaker
Bién dich: PhD H6 Hiru Chinh

10.3.4 Cot c6 thép dai thwong va thép dai xoin

MacGregor bao cao rang hon 95% cot trong cong trinh xay dung 1a cot thép dai thuong hay
cot thép dai rang (tied column), goi tén nhu vay vi cdt thép doc dugc rang bude véi nhau
bang cac thép nho hon tai timg khoang ngin cho dén dinh cot. Cac thép rang trong nhimng
cOt nhu vay thuong duoc dat thua phong theo be rong cot. Khi ¢6 yéu cau vé do deo cao,
cac thép rang duogc thay thé boi thanh thép udn dang xodn ¢ véi budc xoin khoang
1.5”—3.5”. Thép dai xoan han ché su né ngang ctia bé tong, nhw da trinh bay ¢ chiwong 3,
va lam cham su pha hoai cua 161 bé tong. Hinh dudi minh hoa cac quan hé tai trong-bién
dang ctia cot thép dai rang va cot thép dai xoan.

Shetl spalis

Load

™ Tied column

I |

Second maximum foad ~

\Splral column

|

Spiral breaks ’/

0.5

1.0

Axla! shortening (in.)

Chu ¥ nhitng phan trong hinh sau déy :

» Cac phﬁn ban dau cua hai duodng cong tuong tu nhau; khi dat dén tai trong max, cac vét
nut thang dung va sy nghién v& 16p vé ngoai cua 161 bé tong phat trién va dan dén 16p

bé tong bao v¢ bi nit va.

» Trong cot dai rang, cuong do 161 nho hon tai trong max va do do 16i bi nghién v, cbt
thép doc bi oan ra ngoai va gy ra phé hoai don.

> Trong cot dai xodn, cudng do 161 vuot qué tai trong nghién v& 16p bé tong bao vé nhu
mo ta ¢ hinh dudi va xuat hién mot tai trong max thr hai cao hon.

Confinement

Tiea @2 18 ..

2 T |
’ bl

Spiral @ 3" o.e
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrqw Whittaker
Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

ACI yéu cau xac dinh ham luong thép xoan téi thiéu sao cho tai trong max thir hai trong
dudng cong tai trong-bién dang & trén vuot qua tai trong max thir nhat (ntt v& ban dau cia
16p vo bé tong). Diéu §10.9.3 ctia ACI 318-08 qui dinh rang ty 16 thé tich cta thép dai xodn
phai thoa man diéu kién sau:

Ag

-
p, > 045( 5= 1) (10-14)

ch yt

A, 1a dién tich cot, Ay, 1a dién tich 161, fi; 1a gi61 han chay thép dai, yéu ciu fy: <100 ksi.

10.3.5 Anh hwéng ciia lwe doc trén d§ cong max

Xét cot o tiét dién nhu trong hinh v& sau (d4 mo ta & trang 9) :

b= 18In,
ldz = 25in,
4 Mo. 9 bars !
o

k= 161n, "

A,1 =
4 No. 9 bars

Gia thiét cuong d6 bé tong f'. = 4000 psi va bj ép ngang boi 4 thép dai dit cach nhau 3” va
gidi han chay thép 1a 60 ksi. Bé qua su tai bép cta thép. B9 cong max (¢max) thay doi the
nao khi tang luc doc? Xét bang dudi day vai so liéu tinh dugc tir UCFyber software.

v = 135 In.

Axial load d}max
0 0 kips 17.9E-31in!
0.1f74, 102 kips | 14.2E-3 in°!
0.2504, 205 kips 7.6E-3 in-L
0.4;”;‘45, 410 kips 4.1E-3 in-L
U'Gf.;“ig 615 kips 2 7E-3in-1

4 han xét: khi P 7' = Gmax ¥
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrqw Whittaker
Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Bai tap 1: (SV nop)

- b=16" . q
o Ag =1.58 in* (24 0. 8)
mg A’=1.58 in* (24 0. 8)
e : i - No. 4 ties A, =0.201n% (4 0. 4)
d 1~ 4-Mo. 8 bars
|
1.5" cover

Gia thiét bién dang nén max ctia bé tong bi ép ngang e, = 0,006. Xay dung cac dudng cong
tuong tac (Py-M,) va (¢Py-¢My) cua cdt BTCT c6 xét anh huong ép ngang (confined) theo
cac diéu kién bién dang sau day:

1. Ung suét thép mit chiu kéo bang 0 (g, = 0)
Ung suét thép mit chiu kéo bang 0.5f, (e = 0.5¢y)

Tai mat cét gidi han chiu nén, ¢ = 0,65 (&, = 0,002 hay c/d, = 0.6)
Tai mat cét gidi han chiu kéo, ¢ = 0,9 (g, = 0.005 hay c/d, = 0,375)

2

3. Ung suit thép mit chiu kéo bang fy (&5 = gy)

4

5.

Cho biét bé tong . = 4 ksi, va thép £y = 60 ksi, budc thép dai s, = 4".

Ghi chu:
¢ ¢ =0.75 + (5, 0.002)(50)
0.90 . ', MIN3 Compression
075 ¢
£,-0.002)¢250¢3) d
0.65 ol ) ‘ d .
Compression Tension - '
controlled —- controlled
© g =0.002 £ = 0.005 ° | v .
. 1
€ - 0,600 € - 0375 J

¢ tinh theo c/d; & Spiral ¢ = 0.75+0.15[(1/eid,) - (5/3)] Bién dang thép chiu kéo ngoai cling ¢,

vung chuyén ti€p:  oOther ¢ = 0.65+0.25[(1/cid,)- (5/3]]
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Chuong 11: CHE PQ LAM VIEC CUA BTCT CHIU LUC CAT

11.1 KHAI QUAT

Phan trinh bay nay gioi han trong pham vi cua két cau BTCT théng thuong (khong tmg
suét trudc, co ty s6 kich thudc 1, / h > 4) chiu luc giy cit. Trude hét xét ddm dan hoi khong
nit, ddng nhat nhu hinh vé& ciia MacGregor dudi déy :

| |

Reaaction
(8l Flaxural and shear sirasses asliag 9n elemenis |0 1he shesr apan.

b)- ﬂim

phantr1 —»

biéu d6 ung suat cat

e Priucipal stresses

~{
phin ti2 —> ,@«‘ I
mra

Cac phan tir 1 (nén) va 2 (kéo) trong hinh ¢ trén chiu tac dung dong thot cac tmg suét phap
tuyen do cac ung suat giy udn va gay truot. Chii y rang cac g suat truot ton tai ca & mit
phang ding va ngang nhu trong hinh v&.

Khi ndo tng suit truot ngang trd nén quan trong?

» Khi thiét ké cdc moi noi, lién két sudon-canh, va tai cac 16 hong cua dam.

Céc g suat phap tuyén 16n nhat va nho nhat tac dung 1én mot phan tir nhu vay goi 1a cac
rng suit chinh. Qui dao cac Umg suat nén chinh trong dim chua nirt nay duoc MacGregor
mo ta dudi day. Cac duong nit bén dudi truc trung hoa x4p xi nhu cac duong cong qui dao
g suét dudi day :

0.5P
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Cao hoc: Xay Dung Dén Dung va Cong I ghiép Bai giang: Prof. Andrew Whittaker
Mon hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Biy gio xét cac hinh du¢i ddy. Cac khe nit ubn (gan thang dimg) va cac khe nirt
nghiéng (khe nurt cat hay khe nut kéo chéo) c6 thé xem & phan hinh (a).

Shear flow

p— ——

T + aT

e i o, ‘._. L —_—

la) Cracked oeam. oy Bottem pant of beam.

< €+ ac
M+ oM

v

q

T -t

by Porllon of beam betwean (d) Average shear slrasses,
two EFACKE.

Béy gio xét phan hinh (c) va (d) & trén. Ung suit cét trung binh giita cic khe ntt ciia phan
hinh (c) c6 thé dugc tinh nhu sau:

CAc lyc kéo trong cot thép trén mdi mit ctia khe nirt ¢6 thé viét nhu sau :

T-M va  ar=MtaM dods arT=2M
jd jd jd
v6i canh tay don jd duge gia sir bang hang s6. Vi sy can bang moémen ciia phan tir:
AM=VAx dodé AT= Vﬁx
J

I éu phéan ddnh diu cia dam trén dugc tach ra nhu mé ta trong phan hinh (c), lyc AT phai
dugc chuyén thanh cac ng suat trugt ngang trén dinh cuia phan tir bi danh dau. Gid tri
trung binh cia cac ing suit nay bén dudi dinh khe nit 12 :

A%
AUy fv=— (11-1)

VvV =

Su phan bd ctia cac ing suit cét ngang va dung (chung la bang nhau) duoc mo ta trong
phan hinh (d). Phuong phap thiét ké ACI 318 xap xi phuong trinh (11-1) v6i phuong trinh
sau ma khong doi héi phai tinh j (j = 0.9 trong nhiéu truong hop):

\Y

vV=——o -
™ (11-2)
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11.2

UNG XU CUA DAM KHONG CO THEP CHONG CAT

Trude khi tinh cuong d6 chéng cét cua dam c6 thép chiu cit, can phai xem xét cuong do
chdng cit ciia dam khong thép chiu cit. Cuong do chdng cit ciia dam khong thép chiu cat
bi anh hudng cta 5 bién s6 chinh, dugc bao gom trong cac phuong trinh thiét ké: cuong do
bé tong chiu keo, ham luong thep doc, ty s nhip dam-chiéu cao, kich thudc dam, va luc
doc. Hinh dudi cung cap thong tin tom lugc v€ anh huong cua ham lugng thép doc trén
cuong do chong cét cia dam khong thép chiu cit.

4 T
0 B : )
2 d
- + O= == "o ==
3.5) X - - 5
3 -7 L pee ®
l’ I ¥ y LI ’
A - . ! .
B ‘4 . - -
Ve 2 f— : . hJ —— [ S .—
Vibud =
PLE ve = 2 Tsbwd
el u, e
© t
WA
1.9) 7' .
Q L L A i L " i
o 0.005 o10 0.ms 0.020 Q.025 0.03% 0035 0.040
Aglbud

Két luan gi rat ra tir hinh trén? ACI 318-08 qui dinh cong thirc don gian tinh cuong do
chong cat riéng phan bé tong (duong nam ngang) la:

V. =2yfibyd
V. =1,6y/f.D?

[bw] =in

- Tiét dién chit nhat: (11-3a)

- Tiét dién tron: (11-3b)

[d] =

Cong thirc nay 1a hop 1y cho tit ca ham luong thép doc ? Tai sao cudng d6 chuan
hoa nhé hon véi cac gia tri thap cia ham lugng thép doc ?

Pon vi : [V =1b; [f]=psi; n; [D]=in

o Cong thirc chi tiét: cudng do chdng cit bé tong (duong nghiéng AB) 1a:

V——19 2500 ——=—= Vud _ As (11-4)
\/E by, d M \/7 wd u
M, - mdmen tinh toan cta mat cit dam (c6 hé s tai trong). Bon vi : [M,] = lb-in
V. - luc cat tinh toan ctia mat cat dam (c6 hé s tai trong). Pon vi : [V.]=1b
b, - chiéu réng sudn dam, d - chiéu cao 6 ich ciia ddm. Pon vi : [by], [d] =in
A - dién tich thép chiu kéo. BPon vi: [A] = in’

> Khi ham luong thép doc nho, khe nirt un c6 chiéu sau 16n hon; nguoc lai khi ham

lugng theép doc lon, khe nut co bé rong 16n hon. O trudng hop sau, nut nghiéng
(diém bao trudc pha hoai) xay ra tai tai trong thip hon cuong d chéng udn.
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Luc kéo doc ¢6 xu hudng giam tai gay nit nghiéng (cuong do chdng cit); trong lac luc nén
doc ¢6 xu hudng lam tang tai gy nirt nghiéng.

» Vay anh hudng tai doc truc nhu thé nao trén khe nut do tai trong udn ?

MacGregor da tom lugc nhu sau:

T L
b . .e { V. :cuong @6 chong cat
sf. : . el 1 | 4, luc doc tin}’l todn
? "y A, : dién tich tiét dién
4T " '. *~ 1 h
Vi f'. : cuong do bé tong
;.IIr chwd 3
2 Eq B-1Tb
Eq. 6-17a L~ (AC1 Eq, 11-8)
1} (ACI Eq. 11-4) :
n 2 g
1500 1000 500 4+ =500
Compragsion Tanslon
N,>0 Axlal siress, Nu/Ay (psi) N, <0

» ACI318-08: Eq. 11-4

V, 1 a :

=4 — =2(1+———)| cho Iyc nén doc 4 , > 0 (duong do) (11-5)
b 4 2000 A,

cYw

» ACI318-08: Eq. 11-8

V, 1 a :
4 =2(1+——%)| cho luc kéo doc 4 , < 0 (dudng xanh) (11-6)
' 500 A
f.byd g

11.3 UNG XU CUA DAM CO THEP CHONG CAT

Trong thyc hanh thiét ké ciia My, cuong do chong
cat danh nghia ctia dam c¢6 thép chiu cat nhu sau:

Vo=V +Vj

Trong do: .
- Vi 1a lyc cét truyén bai kéo trong thép dai;

- V. 1a lyc cit truyén boi bé tong, ma bao gom sy
tham gia cua:

> Téc dong chét - dowel action (V)

> Lién két cbt liéu - aggregate interlock (Vay)
> Luc cit trong ving nén bé tong ( V., )
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11.4

MO HINH GIAN AO DON GIAN
Trong hinh dudi, McGregor trinh bay (a) mot dam c6 thép dai chiu tai phan bd déu (b) mot

mo hinh gian ao biéu dién tat ca thép dai va gan tai phan bb déu nhu mot loat tai tap trung

tai cac diém nat. Bé dé dang hon trong thiét ké, biéu dién mé hinh gian nhu ¢ phan hinh (c)
Vi cac qui ude sau:

» luc kéo trong mdi thanh dung dai dién hop luc cua tat ca thép dai trong khoang jd/tan6,
> luc trong moi thanh nghiéng dai dién hop luc cta bé rong suon dam béng jdcos6,
> tai trong phan b6 déu w dugc md hinh nhur mot loat tai trong tip trung bang wijd/tano.

Unllonm ioad, w

R AR

R

N S S [ S s

f T

{a) Bearn and remforcermant

bbb bbb ie b b

|
#ﬁ%?ﬁ%%A?ﬂﬁﬁﬁiﬁﬁiﬁf

{b} Truss modal

\.

wjdtang = [yc tdp trung

l l lthanh kéo l

- s / \ ~_ T..h__ {— thanh nghiéng
41 ¢ - It \‘

jang | jdtangé | jdtant | jotan® |, jdtand | jdhand
I I I [ I I 1

lc) Statically delerminate truss
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Xét phan dau dam cat boi mat cit A-A song song véi cac duong chéo cua trudng tng suit
do MacGregor trinh bay trong phan hinh (a) dudi day :

(&) Calculation of strass in compression {¢} Resolution of imtamal Torces.,
disgonals.

Trén mit cat ndy, thanh phan lyc cét thang dimg (V) dugc chdng d& boi cac luc kéo trong

~ . \%
cac thép dai. Lyuc kéo trong mdi thép dai bang: |Afy = “id/tan0. (11-7)

( )

S

Bay gi¢ xét mit cit thing dimg B-B gifta G va J nhu trong phén hinh (b) trén. O hinh nay,
luc V tac dung trén mat cat dugc chong d& boi lyc nén nghiéng, D, voi:

D= < (xem phan hinh (c))

sin O
Chiéu dai duong chéo 12 jdcos6, do d6 tng suat nén trung binh fq 1a:
D \Y%

\Y
feq = . = ; — = —(tan 0 +
by (jdcosB) by, (jdcosO)sin® by, jd tan 0

)

Trong d6 by, 1a chiéu day suon dam. 4 éu b,, nho, ing suét f.y c6 thé giy ra sy nghién v

sudon dam. Gigi han hop 1y cta Gmg suét nay phu thudc goc nghiéng 0 nhung & khoéng gifra

fea < 0,251 (v61 6 = 30°) va foq < 0,451 (v61 6 = 45°). Luc cit V trén mit cit B-B c6 thé

dugc thay thé boi luc nén chéo D va luc kéo doc 4 , nhu mo ta trong phan hinh (c) ¢ trén.
\Y%

tan O

Luc kéo doc nay bang: 4 | =
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a éu ung suat cat 1a constant trén chiéu cao (h) ciia dam, hop luc ciia D va 4 , tac dung tai
nira chiéu cao (h/2) cia tiét dién. Khi d6, c6 mot luc kéo bang 0,54 , tac dung tai ct thép
canh trén va cbt thép canh dudi nhu trong phan hinh (b) & trén. Piéu nay lam giam luc nén
trong cbt thép canh trén (Ay) va lam ting luc kéo trong cbt thép canh dudi (Ay) nhu minh

hoa so d0 nira dudi dam nhu sau :

As

h/2

Tension In longitudinal relnforcamant.

Tir hinh trén c6 thé thdy rang cic gia ting dang ké cua luc kéo c6 thé dan dén mot dich
chuyén kéo (tension shift) nhu trén. Cling can luu y dén luc kéo trong cot thép doc (Ay) tai

dau mat dam.

> Quan sat ndy ngu ¥ su quan tim neo cot thép !!!

Trong cac phuong trinh trén, goc nghiéng 6 nam trong mién gia tri nao? Cac khe nut
nghiéng ban dau phat trién theo cac gdc nghiéng khoang tir 35° dén 45° so vé6i phuong
ngang. Tiéu chuin Thuy si 4p ddt cic gidi han ciia goc nghiéng 0 dé kiém sodt bé rong khe
nut. Trong thiét ké, goc nghiéng 6 nén thudc mién gi tri sau: 25° < 0 < 65°

Céc hinh thtrc c¢6t thép chong cat mo ta ¢ hinh duédi day, trong d6 kicu thép dai ding dugc
dung pho bién nhat, cac ki€u thép xién hay thép udn 1én tir cot thép doc it khi duge str dung

trong thyc tién xay dung (M¥).

| |— e E 3
| | |
f l ! ;
thép dai dirmng ludi thép han chong cat
45° ] d;'E 1
\ \ _ = 30° min. - - I
o = 45%min.— /. __—ﬂmy such line must R i

cross a stirrup

thép xién chong cit

[CNTTT

1

dai dang + udn 1én

thép doc udn 1én chdng cét

VA

thép dai xodn
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11.5
11.5.1

CAC TRANG THAI PHA HOAI CUA DAM CO THEP CHONG CAT

Pha hoai do thép dai chay déo

4 hu dd néu trude day, ACI gop cac phan tham du cua bé tong trong cudong do chdng cit
danh nghia thanh dai lugng V., ma xem nhu 1a luc cat do bé tong chiu. a goai ra, ACI gia
thiét rang V. bang cuong d6 chdng cit cia dam khong thép chiu cit. Dy 1a mot két qua
cua quan sat thyc nghiém.

Trong hinh dudi, MacGregor trinh bay khoi tw do giita ddu dam va mot khe nirt nghiéng.
Hinh chiéu ngang cua khe nut 1a d ma gia thiét rang khe ntrt c6 goéc nghiéng nho hon 45°.

[ay vertical stirrups,

Gia sir rang tat ca thép dai 1a chay déo khi pha hoai, luc khang cét cta cac thép dai la:
_Af,d

vyt
S S ’
Phuong trinh nay tuong duong véi phuong trinh (11-7) cua gian do tuong duong néu

0 = 45° va jd dugc thay bang d.

ACI 318-08 qui dinh rang phai sir dung thép dai néu V, > ¢V. dé V,, < ¢V, . Trong thiét ke,
yéu cau nay thuong dugc viét nhu sau:

OVs = Vy — 0V, (11-8a)
Af,d
Do d6 s=y (11-8b)
u _Vc
¢

v6i phuong trinh (11-8b) ap dung cho thép dai thang dimg (A,) ¢ gidi han chay £t

Hé s giam cuong do chong citla $=0,75 . Gia tri nay la thap hon so v&i uén (¢ = 0,90) vi
tai pha hoa1 cit thay d6i nhiéu hon tai pha hoai uén. Khi ciu kién chiu [l (fong dong dat
manh, hé sb giam cuong do chong cat f=0,60 (xem diéu khoan 9.3.4 cia ACI 318-08).
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11.5.2

1153

11.6

Vi cac thép dai :[héng dung khong thé chiu cét trir phi ching cit ngang mot khe nut
nghiéng, tiéu chuan ACI 318-08 4p dat mot gidi han vé bude dai max sao cho moi khe nut
nghiéng 45° s€ bi cat ngang boi it nhat mdt thanh thép dai nhu sau:

Smax = mm(_ 5 24") (11-9)

aéu Vg > 4\/Ebwd;

= max—mm(_ ; 12") (11-10)

Vi:
> budc dai nho hon dan dén bé rong khe nit nghiéng nho hon.

> budc dai nho hon gitip cho neo ¢t thép t6t hon cho cac ving dudng chéo nén.

Pha hoai do bé réng nirt qua mirc cho phép
4 ham han ché bé rong nat, ng suét cit 1on nhat cia céac thép dai bi gidi han:

Vs(max) =8\/Ebwd (11-11)
Bon vi: [Vi]=1b;  [fc]=psi; [by]=in;  [d]=

Ph4 hoai do nghién v& bé tong suon dam

Vi tng suat nén duong chéo c6 lién quan dén tng suat cit, mot s6 TCXD gidi han tng suat
cit bang khoang (0,2-0,25)f". . Do tiéu chuian ACI 318-08 da 8161 han Vimax) theo phuong
trinh (11-11) nén bao dam an toan chong lai nghién v& suon dam trong ddm BTCT.

ANH HUONG LUC DOQC LEN CUONG PO CHONG CAT

Véi tai trong kéo doc truc, ACI 318-08 qui dinh cudng do chdng cit danh nghia bé tong:

] .
V. =2(1+ u f.b,,d -
¢ =2( S00A Wicby (11-12)

Ponvi: [V =1Ib; [a,<0]=1Ib; [P]=psi; [A]=in’; [by]=in; [d]=in

Vi tai trong én doe frue, ACI 318-08 qui dinh phuong trinh cho cac két cau chiu phdi
hop tai trong cat, mémen udn, nén doc truc nhu sau:

a .
V, =2(1+—Y% )/f.b,d ]
¢ =2 2000Ag)\/: W (11-13)

Ponvi: [V.]=1b; [@aE0]=1b; [P]=psi; [A,]=in>; [b,]=in; [d]=in
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11.7 HAM LUQNG THEP CHONG CAT TOI THIEU

Do pha hoai cit cua dam khong c6 thép chiu cat 1a dot ngot va la pha hoai don, tiéu chuén
ACI 318-08 doi hoi luong thép chdng cit tdi thiéu (Ay.min) néu Iuc cit tinh toan vuot qua
mot nira cuong do chdng cit cua bé tong (OV. > V, > 0,50V.) ngoai trir trong san va mong,
moi nbi bé tong, va cac dam dic biét (diéu khoan 11.4.6.1).

Khi oV, >V, > 0,5¢V., lugng thép dai t6i thiéu hay cau tao, c6 gidi han chay f,, bang:

0.75
Apin = — \/7 —f—bs (11-14)

yt

Donvi: [f]=psi; [f]=psi; [by]=1in; [s]=

11.8 PHUONG PHAP THIET KE THEP
CHONG CAT

Cac budc thiét ké thép chéng cét cua
dam BTCT thong thuong theo tiéu
chuan ACI 318-08 nhu sau:

1. Xac dinh lyc gay cét tinh toan (V)
tai cac mat cit nguy hiém nhu mo
ta ¢ hinh v€ bén phai.

2. Xéc dinh phan cudng do do bé
tong tham gia chdng cit (¢V.) theo
cong thuc (11-3) voi ¢ = 0.75

3. Tinh V,- ¢V, tai mat cit nguy hiém

déu [V oV, > 80yEibyd
thi phai tang kich thudc tiét dién
hay tang cuong do bé tong .

4. Tinh khOéng Céch XC thOé Vu — (i)v(‘ Figure 1223 Oinzal BResr Slans for Srackers sno Corcels
vakhoang cach x,, thod V,=0.5¢V.
nhu hinh vé bén phai.

|—— Face of Support

d

Chu § ving x < x. b tri thép dai thép dai tham gia
tinh toan theo cong thire (11-8) ; ) chéng cit OV,

vung X, < X < X, b0 tri thép dai cau
tao theo cong thirc (11-14) ; e [if
ving x > x,,, khong can c6t dai. v,

5. Dung bang lap ¢ trang sau dé xéac OV, Xe g

dinh dién tich thép dai dimg A, va Xm
budc dai s tai cdc mat cat nguy hiém ¥ shear e |~

A \ A <A N e A i renforcament | i to
trén toan b chiéu dai dam BTCT. | ster oo e I it BN

not req'd
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BANG CONG THUC THIET KE THEP PAI (ACI 318-08)

TRUOA GHOP |V, <¢V./2 | Ve > Vy > V2 Vi > 0V,
Dién tich thep dai 0.75\/£.b,s 50b_s V, — ¢V,
A, =0 max — s
A, > oo, of,d
Sreq < - min 7@11&? ;fy‘AV Lt y
q 0.75/tb, " 50b,, V, — V.
Khoan
8 min(9;24") khi
cach 2
thép 5 (Vg -0V, ) < 4¢\E by, d
dai Smax = - min(g ;24")
min(%;lZ") khi
(Vy -0Ve ) > 4y/fubyd

Bai toan miu 1: Thiét ké chdng cit cho dim BTCT chiu mémen udn + e cit

Xac dinh dudng kinh va khoang cach budce thep dai chir U cho dam don gian nhip [ = 30"
Biét tai phan bo tinh toan w, = 4.5 kips/ft; £ =3 ksi; fj;=40ksi; b= 13"; d=20".

2
d M :WuL

N
v VAV v Y Vv v v vy

Giai:
1. Xac dinh cac lie cit tinh toan (V)

Tai géi tua A: Vya=wy, L/2=4.5x30/2=67.5 kips

Tai diém B:  Vyp=Vua-w,d=67.5-4.5x (20/12) = 60 kips
2. Xac dinh sirc chong cit do bé tong tham gia (V.)

PV, = 204/ by,d = 2x0.75x+/3000 x 13x 20/1000 = 21.4 kips

Do: Vg =60 kips > ¢V, =21.4 kips = can phai bd tri thép dai

f

(§11.1.3.1)

(§11.2.1.1)
(§11.1.1)
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3. Tinh (V, - $V.) tai mit cit nguy hiém B

Vug - ¢V =60 -21.4 =38.6 kips < 8¢,/f'.by,d =85.4 kips = dat yéu cau

Xac dinh cac khoang cach x. va x,,

Khoang cach x. théa man diéu kién (V, = ¢V.):

(§11.4.7.9)

(x < x. bé tri thép dai tinh todn)

VA -0V, 67.5-21.4

Wu

=10.2°

X

Khoang cach x,, théa man diéu kién (V, = ¢V./2):
_ Vya —0.5¢V,  67.5-(0.5x21.4)

j— b
Xm = w 45 =12.6
u .
- im= 128 N
¥ =102 Extend reinforcement
Wy = 4.5 ki 103 point whers

l‘-\"‘u ﬂ ¢1'\-'r o |I2

Fk—

:J‘J'c= 2 4k
N

T
gz =076 [t T
15

Wy = 675

Diing bang cong thirc thiét ké thép dai dé tinh buéc dai chir U

Tai mit cat B, ta 6 Vy1 = Vg = 60 kips > ¢V, = 21.4 kips

NP of .d
Khoang cach thép dai tinh toan : s, < ———A,
Vul - (I)Vc

0.75x40x 20

V6i thép dai 4 0. 4 chit U (A, = 0.4 in%) yéu cau s1 <
60-21.4

Mit khac (V1 —¢0V,)=38.6 kips < 4¢\/Ebwd =42.7 kips
+ 4 én kiém tra budc dai 16n nhit cho phép :
. d ”
s< m1n(5;24") =10
+ Khoang cach thép dai ciu tao :

fuA, 40000 x 0.4
s<— =
0.75,fb, 0.75x+/3000 x13

f, A, 40000x0.4
s < =
50b,  50x13

=30”

=24.67

(x. > x > x,, can thép dai cau tao)

(§11.4.7.2)

x04=62" (1)

(§11.4.5.3)

2)

(§11.4.6.3)

€)

(4)
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Mbon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh

Tir cac didu kién (2), (3), (4) ta co budc dai 16n nhat cho phép : s < 107 (5)
= ving @ (x; <x <x,="?) bd tri thép dai 4 0. 4 @ 6” théoa man (1), (5) 1a dat yéu cau
= ving @ (x; <X < Xm = 12.6”) bé tri thép dai A os 4@ 107 thoa man (5) 1a dat yéu clu
= ving @ (X <x < 0.5L = 15”) khong bo tri thép dai

Vi tri x, ¢6 luc gy cit V., xac dinh theo cong thirc sau : (§11.4.7.2)
f.d
S, = ¢ = AV
Vu2 - ¢Vc
f d
= Vu2:¢—ytAv+¢Vc :onuzm = 45.4 Kips
SZ

= Budc dai s, = 10” ¢6 thé ap dung trong ving @ ké tir vi tri:
Voo ~Vap  675-454 _

Xy = 4.9
2 Wy 4.5
L/2 =15 FMidspan

-t
. wla |
2" lV Ma, < i oa” v Mo, 4 & 10" !

i vung © u ving @ vung @
- |- o
X1 = 2 Xy = 49 Xm=— 12.6° X0.5L — 15°
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Cao hoc: Xay Dung Dan Dung va Cong 4 ghiép
Mén hoc: Phan Tich Ung Xir & Thiét Ké Két Cau BTCT

Bai giang: Prof. Andrew Whittaker
Bién dich: PhD H6 Hiru Chinh

Bai toan miu 2: Thiét ké chdng cit cho cot BTCT chiu lwc cit + lwe nén doc

Kiém tra thép dai theo tiéu chuan ACI 318-08 cho c¢6t BTCT, cuong do bé tong . = 3 ksi,
thép dai fy; = 40 ksi, luc doc gy nén P, = 10 — 160 kips, V, = 20 kips, M, = 86 kips-ft.

18

Fu
4] 1 f ‘1\1
Il.an _|_

e | - -
/ v Z b0 22 @ ETS O

|

.er —i— . 1
P,
F.LI t 1£|

Giai:

XET TRUONG HOP 1: 4, =Py . = 160 kips

Xac dinh cwong dd chong cit ciia bé tong

d=h-(1.5+d;03+0.5d;03)=16-(1.5+0.375+0.75/2)=13.75"

a
Ve =204/f'cbyd 1+—Y4—
¢ C ¢ cYw [ 2000Ag}

160000
2000 x (16x12)

dV, =2x0.75x+/4000 x 12 ><13.75>{1 + }/1000 =22.2 kips

Kiém tra thép dai
Vi: ¢V, =22.2 kips > V, =20 kips > 0.5¢V, = 11.1 kips

= nén can kiém tra thép dai theo diéu kién thép dai cdu tao

+ Khoang cach dai cAu tao véi ct thép 40.3 (Ay=0.22 inz) :
fLA, 40000 x 0.22
s < hi = =
0.75,fb,  0.75x~/4000 x 12

f, A, 40000x0.22
s < =
50b,  50x12

2

=14.7"

+ Khoang cach thép dai 16n nhét cho phép :

s< min(g;24”) = min(B%;24") =6.9"

e b =B b F

(§11.2.1.2)

(§11.4.6.1)

(§11.4.6.3)

(1)

(2)
(§11.4.5.1)

3)

Két luan: B tri thép dai 4 0.3 @ 6.75” thoa (1), (2), (3) 1a dat yéu cau khi 4 , = 160 kips
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Cao hoc: X4y Dung Dan Dung va Cong 4 ghiép Bai giang: Prof. Andrew Whittaker

Mén hoc: Phan Tich Ung Xur & Thiét K& Két CAu BTCT Bién dich: PhD Hb Hiru Chinh
B- XET TRUONG HOP2: A4 Pumn— 10Kips
1. Xac dinh cwong d chong cit ciia bé tong
a
V., =20,/f'. by d/ 1 +—L— 11.2.1.2
10000 .
V. =2x0.75x+/4000 x12x13.75%x |1+ /1000 = 16.1 kips
PVe { 2000><(16><12)} P
2. Kiém tra thép dai
Vi: V, =20 kips > ¢V, = 16.1 kips (§11.4.7.1)

= nén can kiém tra thép dai theo diéu kién thép dai tinh toan

+ Cuodng do chdng cit cua thép dai OV, =0A f d

v ytg

(§11.4.7.2)

OV, = 0.75x0.22x40x% = 13.4 kips

= OV, +¢V, =16.1+13.4 =29.5 kips > V,, = 20 kips 4)

Két luan: B tri thép dai 8003 @ 6:75" thoa man (3), (4) 1a dat yéu cau khi Ay = 10 Kips
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Robert J. Frosch
Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD H6 Hitu Chinh

12.1

12.2

Chuong 12: KIEM SOAT NUT TRONG BTCT CHIU UON

KHAI QUAT:

Kiém soét nut 1a mot van d¢ quan trong boi hai 1y do chinh, thim my va do bén.
Thir nhit, cac vét nut rong lam giam gia tri dién mao két cAu va ciing co thé gay
canh bao véi cong luan rang két ciu hinh nhu ¢6 van de Thtr hai, cac Vet nut rOong
c6 thé gay cho d9 bén cong trinh cac van dé khong tot Vét nut cung cap mot con
duong dé khong khi, nuéc, va clo tlep xtc nhanh véi cbt thép, ma co thé dan dén su
an mon va 1am hu hong két ciu. Bé chéng an mon, nhiéu ky suda qui dinh 16 16p bé
tong bao vé day hon ma ca két qua nghién ctru va thyc té da kiém chimg dung. Tuy
nhién da phét hién ring phuong phép thiét ké chong nit thong thuong, thuong duge
xem nhu 12 phuong phap z-factor (M), khong thé thuc hién dugc thiét ké véi 16p
bao v¢ day hon.

Céc nghién ctru da dugc thyc hién dé khao sat vai tro chong nut ctia 16p bé tong bao
vé va dé cung cap cic cong cu kiém soat nut trong cac két cdu co 16p bao vé day
hon. Frosch d4 phat trién mot phuong phap tinh toan chiéu rong niit dva trén hién
tuong vat ly. Ngoai ra, mot phuong phap thiét ké dé nghi méi dugc trinh bay ma rdt
cudc din nhiing thay déi trong tidu chuan xdy dung méi ACI 318-99.

Dé ap dung ding phuong phép thiét ké méi ndy, quan trong 1a biét rd co s 1y luan
phat trién phuong phép d6 ciing nhu cic gidi han 4p dat trén no. Vi du nhu trong
ACI 318-99 cac diéu khoan nay khong danh cho thiét ké két cdu ¢ cac moi truong
khic nghiét hay thiét ké chéng tham. O déy trinh bay cac gioi han va cung cap cac
cong cy ap dung phuong phap thiét ké méi cho cac két ciu chuyén dung. Ngoai ra,
viée kiém soat niit két cau ding vat lidu gia cuong méi ciing dugc khao sat chi tiét.

CO SO LY LUAN:

Dé hiéu cac gidi han cua phuong phap thiét ké hién hanh (ACI 318-99), hiy xem xét
lai co so 1y luan ctia nd. Nhu dd néu, nghién ctu ctia Frosch dd phat trién mot
phuong phéap tinh x4c dinh chiéu rong khe nit dya trén hién twong vat 1y. Tom lugc
mo hinh vat ly trinh bay dudi day:

|

/\ /\ A —Reinforcement
' @f,

I _
S, _

Hinh 1: M6 hinh chiéu rong khe nut.

Nhu da trinh bay ¢ hinh 1, chiéu rong khe nut tai vi tri thép co thé dugc tinh nhu
sau:

W =g¢S, (12-1)
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Robert J. Frosch

Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD Hb Hiru Chinh
VO1:
We = chiéu rong khe nirt g = bién dang thép = f;/ E
S¢ = khodng céch khe nirt f, =mg suét thép

12.2.1

12.2.2

E, =md dun dan hdi thép

Biéu dd bién dang: (¢)

Pé xac dinh chiéu rong khe nirt (w,) trén bé mat dam, can loai bo gradian bién dang.
Trong hinh 2, gradian bién dang duoc trinh bay véi gia thiét ring cac mit phiang van
phang sau khi bién dang. Chiéu rong khe nirt tinh theo cong thirc (12-1) ¢é thé duoc
nhan voi hé sb khuyéch dai (B) tinh d&én gradian bién dang. Hé sé B dwoc tinh bang:

€9 h-c
=2z _ 12-2
P g d-c (12-2)
Neutral Aﬁ(iS\\v @
)
- F <
&

Hinh 2: Biéu d6 bién dang (e).

Khoang c4ch khe nurt: (S.)

Hinh 3: Khodng cach khe nut té1 han.

Duya trén két qua ctia Broms, khoang cach khe nat trude hét phu thude vao 16p bé
tong bao vé 16n nhat. Pic biét, khoang cach nut 1y thuyet nho nhat sé bang khoang
cach tir diém ma tai d6 khoang cach nit dugc xem xét dén tam cot thép gan diém do
nhat. Ngoai ra, khoang cach niit max bang 2 lan khoang cich nay. Nhu minh hoa
trong hinh 3, khoang cach khe nut tG1 han co thé xay ra tai hai vi tri, va khoang cach
nut tinh bang:

k

S, = W (12-3)
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Cao hoc: Xéy Dyng Dan Dung va Cong Nghiép Bai giang: Prof. Robert J. Frosch
Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD H6 Hitu Chinh

voi:
S = khoang céch khe nut
d" = khoang cach 16p bé tong bao vé kiém soat
W, = hé s6 khoang cach nirt
= 1,0 cho khoang cach niit nho nhat
= 1,5 cho khoang cach ntrt trung binh
= 2,0 cho khoang cach niit 16n nhat

12.2.3 Kiém soat khe nirt:

Dua trén mo hinh vét 1y, phuong trinh tinh chiéu rong khe nirt max 1a :

£ 2
We =2-5pydg +ST (12-4)
S

Phuong trinh nay c6 thé xdp xép lai dé tim khoang cach cdt thép cho phép max (s):

2
w.E 2
s=2.| ==| —-d 12-

25 -4 129
\(GE
s = khoang cach cdt thép cho phép max w. = chiéu rong khe ntt gidi han
E, = m6 dun dan hoi ciia thép E, = mo dun dan hoi cta thép
f, = g suat cta thép d. = 16p bétong bao vé day do tir tim thép thap nhat

Vi bé rong nut to1 han va img sudt thép cho trudc, khoang cach thep co thé duoc vé
nhu ham so cua 16p bé tong bao ve. Ung suat thép dung trong phuong trinh (12-5)
tuong tng v6i ing suat thuc cua thép ma dién hinh 13 tng suat do tai sir dung gay
ra. Mot cach khac, ing sudt bang 60 % gidi han chay thép (fy) xem nhu tuong tng
VOl tai trong stir dung.

Heé s B thay dbi khi 16p bao vé tang. Duya trén quan sat danh gia céac tiét dién thay
doi lop bao vé, gid tri hé s6 [ = 1,0 + 0,08d. dugc xem nhu 1a tién doan hop 1y.
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Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD H6 Hitu Chinh
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Hinh 4: Két qua thiét ké nt (thép co f, = 60 ksi).

Hinh 4 ¢ trén dugc ve& cho thép c6 gioi han chay f, = 60 ksi (vdi f; = 36 ksi ;
29000 ksi). Trong hinh nay, cic dudong cong biéu dlen cho 2 bé rong khe nut wL
khac nhau (0,016 va 0,021”). Bé rong nit w.=0,016” (=0,4mm) twong tng véi gia
tri cho phép ciia ACI 318-95 cho két cdu trong nha, trong khi w.=0,021”(=0 ,5mm)
tuong Gmg voi 1/3 gia tang gia tri cho phep. Mot su gia tang 1/3 bé rong nit ¢ thé
chap nhan duoc do tinh phan tan cb hitu cia bé rong nut va vi phuong trinh (12-5)
tinh cho bé rong nirt max.

12.3 PHUONG PHAP THIET KE CUA FROSCH:

Duya trén viéc xem xét tir mo hinh vat 1y, Frosch da dé nghi mot duong cong thiét ké
don gian dugc ve€ trong hinh 4 dé tinh khoang cach thép max theo cong thue (12-6)

dudi day:

s=12a de <12a (12-6)

s 30 S

voi: g = 36

: s f, Ye
d. = chiéu day 16p bao vé do tir thé chiu kéo ngoai ciing dén tdm cbt thép gan nhat

(inch).

s = khoang cach cbt thép max (inch). o, = hé s gia cuong.

ve =hé s6 16p phu cbt thép.
= 1,0 cho cbt thép thudng.
> 1,5 cho cdt thép phi epoxy
f, = ing suét tinh toan tai tai st dung, ldy bang 0,6f, (ksi).
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Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD H6 Hitu Chinh

12.4 PHUONG PHAP THIET KE CUA TIEU CHUAN ACI 318-99:

Phuong phap Frosch dé nghi 0 trén da duge ACI stra d6i tir dang cong thire gbc ban
dau va tao ra phuong trinh thiét ké trong tiéu chuan ACI 318-99 nhu sau (xem phan
10.6.4):

540 36
s="—-25¢c, <12 ]
- [f ] (12-7)

S S

voi:

s = khoang cach tam-dén-tam c6t thép chiu kéo khi udn gan thd chiu kéo ngoai ciing
nhét (inch),
khi chi c6 mot thanh thép gan thd chiu kéo ngoai cing nhét, s 1a chiéu rong cua
mat chiu kéo ngoai cung.

f, = ing suét tinh toan tai tai sir dung, ldy bang 0,6f, (ksi).

c. = chidu day thuc 16p bé tong tir mat gan nhat chiu kéo dén mat thép kéo chiu ubn
(inch).

Phuong trinh (12-7) ciia ACI 318-99 quan tim dén chiéu day bao vé thuc (c.) hon la
chiéu day bao vé dén tam thép (d.). Dang stra d6i nay c6 mot chit than trong (an
toan) hon phuong phap dé nghi ctia Frosch. Puong cong thiét ké ACI dugc vé trong
hinh 4 véi ¢, duoc bién ddi tir kich thude dc xét truong hop dung cdt thép #8 (duong
kinh d, = 17) dé so sanh. C6 thé thay rang phuong trinh thiét ké nay mo ta hop ly
khoang cach thep cho mot loat chiéu day bé téng bao vé trong luc van giit bé rong
khe ntrt trong mién gia tri cho phép da ban luan ¢ trén ([w.] =0,4-0,5 mm).

Hai gia thuyet chinh dugc dung cho phuong phap cua Frosch va phuong phap ACL
Nhimng gia thiét nay co thé xac nhan gi6i han cua hai phuong phap trong mot s tmg
dung thiét ké. Dau tién, kiém sodt nitt dwoc dira trén bé rong khe nirt xdp xi 0,016”
(0,4mm) tai mat day ddm. Xét @6 phan tan hién hiru trong nit (chi y rang pham vi
phan tan cua bé rong khe nut dén 50 %, Wethye = (0,5-1,5)We tinn ) ca can trén va can
dudi nén 1a cac gia tri bé rong khe nirt ngudi sir dung mong mudn. Do dé nhu chi thi
trong tiéu chuan xay dyng, nhitng phuong phap nay khong thé 4p dung cho cac két
céy lam viéc & cac moi truong khic nghiét hay cac két cdu duoc thiét ké dé chong
tham.

Thu hai, khoang cdch thép dwa trén mo dun dan hoi vat liéu chiu kéo bcfng 29000
ksi ma twong ing véi vt liéu thép. Do d6, cac diéu khoan cua ACI khong thé ap
dung cho céc két cau dung vat lidu chiu kéo c6 md dun dan hoi khac véi thép. Thuce
ra, tat ca cac két qua thi nghiém nham xac dinh do chinh xac va kha ning tmg dung
cua cong thic bé rong khe nut theo phuong trinh (12-4) déu thuc hién véi vat lidu
thép.
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép
Moén hoc: Két Cau Bé Tong Cot Thép Nang Cao

Bai giang: Prof. Robert J. Frosch
Bién dich: PhD Ho Hiru Chinh

12.5

KIEM SOAT CHIEU RONG NUT QUI PINH TRUOC:

Trong thiét ké cac két cAu dic biét ma doi hoi kiém soat bé rong khe nut chat ché
hon, quan trong dé phat trién cac cong cu thiét ké co thé sir dung dugce. Dung mo
hinh vat 1y trén, c6 thé xem xét chon bat ky bé rong nirt cho phép nao ma nguoi thiét
ké thay 1a thich dang. Pic tinh nay cho phep sy linh hoat dac biét cho cac diéu kién
moi truong 1am viée cua két cau khac nhau (bién, nudc phén,...). Gidng nhu cach sir
dung mo hinh trén dé phat trién cac dudng cong thiét ké don gian cua phuong trinh

(12-6) véi [wc] = 0,016-0,0217, cac dudng cong thiét ké don gian c6 thé phat trién
cho bat ky bé rong khe ntt qui dinh trude.
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Hinh 5: Cac bé rong nut khac nhau (thép c6 f, = 60 ksi).

Khoang cach thép max (s) c6 thé xac dinh tir phwong trinh (12-5) véi chiéu rong khe
nat t61 han (w.) chon trude. Hinh 5 bi€u dién khodng cach s thay doi theo dai luong
d. cho mot loat gia tri w, khac nhau.

Khi giam chiéu rong khe nit t6i han, phai giam khoang cach thép. Trong hinh 5, véi
két cau c6 16p bé tong bao vé day 1,5” va tng suat thép bang 36 ksi, hién nhién rang
khong thé kiém soat nut w, < 0,004” = 0,Imm. Trong khi v&i khoang cach thép s =
3” ¢ thé kiém soat nirt w, = 0,006” = 0,15mm.
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Robert J. Frosch
Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD H6 Hitu Chinh

Nhu d3 minh hoa, c6 lac khong thé khdng ché bé rong khe nit cho trude chi bang
cach giam khoang cach thép. O nhiing truong hop nay, can thiét giam muc tmg suat
thiét ké trong thép (f,). Hinh 6 biéu dién anh hudng cua sy thay doi tng suat thép f,
cho bé rong khe nut téi han bﬁng 0,006”.
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Hinh 7: Cac dudng cong thiét ké (thép f, = 36 ksi).

Nguoi thiét ké co thé tryc tiép dung phuong trinh (12-5) dé kiém soat bé rong nut
theo mirc @6 mong mudn. Nhur trinh dién trong hinh 7, cdc dudng cong thiét ké don
gian duoc phét trién dua trén phuong trinh (12-6) véi mot s6 hang thém vao trong
hé sb gia cuong (o) dé xét dén cac bé rong nirt téi han khac nhau. Hé sb gia cuong
duoc hiéu chinh nhu sau:

36

Oy :f_YCYWC (12-8)
s
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Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Prof. Robert J. Frosch
Mon hoc: Két Cau Bé Tong Cot Thép Nang Cao Bién dich: PhD H6 Hitu Chinh

voi:
Y. = hé 56 bé rong nit = w./0,016”
W, = bé réng nut nirt toi han mong mubn (inch).

Vi cac phuong trinh thiét k& ACI c6 dang tuwong ty, nén chung c6 thé hiéu chinh dé
xét dén cac mirc d6 kiém soat niit mong mudn khac nhau. Khi thay doi bé rong nirt
giéi han, phuong trinh thiét ké (12-7) cuia ACI 318-99 ¢6 thé diéu chinh bing cach
nhan f; v&i gid tri 1/y,,.

12.6 CAC VAT LIEU GIA CUONG CHIU KEO:

Vi nhiéu vat liéu méi dugc xem xét sit dung trong thiét ké gia cuong bé tong, nén bé
rong khe nit van duoc xem 13 yéu t& quan trong. Vi phuong trinh (12-5) dua trén
hién tugng vat 1y, n6 van co thé 4p dung cho cac vat liéu c6 md dun dan hodi khac
nhau. Tuy nhién luu ¥ rang, lyc dinh giira vat liéu gia cuong va bé tong 13 can thiét
dé phat trién nit va khoang cach niit binh thuong nhu tinh & phuong trinh (12-3).

Gia st cuong do dinh két giita vat liéu gia cudng va bé tong du 16n, mé dun dan hoi
trong phuong trinh (12-5) c6 thé dugc dung truc tiép. Noi cach khéc, cac duong
cong thiét ké dugc phat trién dya trén phuong trinh (12-6) ctia Frosch nhu sau:

36

A :f_YCYWCYE (12-9)

S

voi:

ve = hé s6 m6 dun dan hoi = E/E,

E = m6 dun dan hoi cia vat lidu gia cuong (ksi)

E, = mb dun dan hoi cua thép = 29000 ksi

Dang hi€u chinh hé sd o ndy chua tat ca cac nhan tir m6 ta da trude day va la dang
tong quat ma cho phép cac di€u chinh vé 16p phu epoxy, gidi han bé rong nut, mé
dun dan hoi vat li€u chiu kéo. Tuong tu, phuong trinh (12-7) cia ACI 318-99 ciing

c6 thé hiéu chinh khi xét dén mo dun dan hdi vat liéu chiu kéo khac béng cach nhan
fyvoi gid tri 1/yg
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12.7

12.7.1

a)-

CAC Vi DU THIET KE:

Céc vi du ding dé minh hoa viéc sir dung ca hai phuong phap thiét ké cua Frosch va
ciia ACI 318-99. Két qua tir hai phuong phap duoc dung dé so sanh. Céc vi du cﬁng
trinh bay viéc sir dung cac hé so diéu chinh (y;). Chu y ring trong truong hop thiét
ké dién hinh cua ket cdu BTCT va khong doi hoi cac bién phap kiém soat nut dac
biét, tit ca cac hé s didu chinh v; = 1,0. Lic nay cac phuong trinh don gian tro vé
dang co ban nhu cac phuong trinh (12-6) va (12-7) cho hai phuong phap trén.

Vidu l:

Trong vi du nay (xem hinh 8), yéu cau kiém dinh sy thich hop cia so d6 bd tri thép
thoa man kiém soat nit ([w] = 0,4mm). C6t thép khong co 16p phu bao vé va két
cau dam khong doi hoi cac bién phap kiém soat niit diac biét nao ca.

3

24"

od) |

. Clear C
TSN

Hinh 8: Tiét dién dam & vi du 1.

Tinh theo phuong phap Frosch:

Do cdt thép khong co 16p phit bao vé va khong doi hoi cac bién phap kiém soat nirt
dic biét, din dén cac hé sb diéu chinh .= .= & = 1,0.
fg =0,6f, = 0,6(60ksi) = 36 ksi

36

36
Os = Velw VE = g(l)(l)(l)Z 1
S

1,128

s = 12oc{ 3dc } <120
a’S

s=12(1) 244 \_ 14247 >12(1)=12"
3(1)
= Chons=12"

Khoang cach thiét ké (sq) trong hinh 8 1a:

:[ -2(1, , 1’1228 j/3=3,7”< 12”7 OK
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12.7.2

b)-

a)-

Tinh theo ACI 318-99:
Do cdt thép khong co 16p phit bao vé va khong doi hoi cac bién phap kiém soat nirt
dic biét, din dén cac hé sb diéu chinh y.= .= & = 1,0.
fs = 0,6fy = 0,6(60ksi) =36 ksi
c.=15+0375=1,875"
s=ﬂ—25 c. <12 — 36
f, f,

S S

4
s=ﬂ—25(l 875)=10,3"<12| — 36 =12"
36 36

= Chons=10,3"
Khoang cach thiét ké (sq) la:
s¢=3,77<10,3” OK

Ca hai phuong phap chi thi ring khoang cach thép thiét ké du dé kiém soat nit,
we < 0,016-0,021” (0,4-0,5 mm). Cha y phuong phap cua Frosch dung dai luong d. ,
trong lic ACI dung dai luong c. . Két qua cho thdy ACI c6 mot it than trong (an
toan) hon.

Tiét dién dam trong vi du nay co hai 16p c6t thép. Tuy nhién trong tinh toan, chi co
16p thép dudi tham gia tinh dc hay c.. Chi c6 16p thép ddy (ngoai cung) anh huong
bé rong khe nirt tai mat day vi né nam gan mat bé tong nht. Trong vi du nay, tat ca
thanh thép c6 cung duong kinh d;, truong hop d, khac nhau cling tinh tuong tu. Voi
phuong phap Frosch dé an toan xét thép co dy.max ; vOi phuong phap ACIL, d, khac
nhau khong anh huéng két qua vi chi xét c..

Vidu 2:

Vi du nay minh hoa thiét ke ban BTCT (hinh 9), cot thép #4 Kkhong phu 16p bao vé
¢6 budc thép sq = 6”. Yéu cau véi két ciu nay 1a kiém soat bé rong khe nut khoang
[we] =0,006” & mat dudi ban.

#4 @ 6 in. o.c.
e ® ® L

Clear Cover = 0.75" i

Hinh 9: Tiét dién ban & vi du 2.

Tinh theo phuong phap Frosch:

Do ban c6 thép khong phii 16p bao vé, nén y.=yg = 1,0. Tuy nhién, hé s diéu chinh
Yw. 01 hoi phai tinh todn do taing murc ki€m soat nut.

f, = 0,6f, = 0,6(60ksi) = 36 ksi
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we 0,006
= = =0,375
Twe =0.016" 0,016"
36 36
Os =—7Yc¥Yw, YE =5 (1(0,375)1)= 0,375
fy ¢ 36
d. =0,75+ Oj =107

b)-

g = 120({2— 3d° } <120
a’s

1,0

s=12(0,375)[ 2 - —>——
3(0,375)

}: 5,07>12(0,375) =4,5”

= Chons=45"

Kiém tra khoang cach thiét ké (s,) trong hinh 9:

s¢=6,07>4,5":khong thda

Khoéng cach thép thiét ké 1a qua 16n so voi yéu cau kiém soat niat 0,006 voi tai sir

dung bang 36 ksi. Do dé, hogc can giam khoang cach dén 4,57 hodc giam tai sir
dung. Mot gia tri tai st dung bang 27 ksi s€ dugc kiém chung sau day:

36 36
oy =— == (1)(0,375)(1)=0,5
7T Ye¥Yw,YE 27( X D)
]‘90 2 2
s=12(0,5)| 2 =8,0">12(0,5)=6
3(0,5)

= Chons=6,0"

Kiém tra khoang cach thiét ké (sq) voi tai 27 ksi :

s¢=s=26,0": thoa

Nhu vy, tai sir dung 27 ksi ¢6 thé ding dé kiém soat niit xap xi 0,006 v6i khoang
cach thép bang 6,0”.

Tinh theo ACI 318-99:

Phuong phép thiét ké ACI dua trén két ciu c6 thép khong phu 16p bao vé, do do cac
hé sé diéu chinh 7. ; v¢ khong xét dén. Tuy nhién do ting mic kiém soat nut 0,006,
nén can hiéu chinh hé s6 y,.. Hiéu chinh nay tinh dén trong diéu chinh Gmg suat str
dung.
fy = 0,6fy = 0,6(60ksi) =36 ksi

w,  0,006" _

= = =0,375
¢ 0,016" 0,016"

Yw

fsz36L:36 ! =96 ksi > f, = 60 ksi !!!
Tw, 0,375
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12.7.3

12.8

c.=0,75”

s=ﬂ—25 c <12 — 36
f, f,

S S

s=220 55075 =375'<12[ 2% |~ 450
96 96

= Chons=3,75"
Khoang cach thiét ké (sq) la:
s¢ =6,07>375" khong thoa

Theo phuong phap ACI cai tlen khoang cach cot thép la qua 16n. Khoang cach nay
phai giam hodc giam tng suat sir dung. C6 thé thay rang, ing suat thép sir dung max
bang 25,7 ksi thoa man cho khoang cach thép 6”. Phai luu y rang khi xét gia ting
mirc d6 kiém soat nut, ung suét f, tinh toan 16n hon gidi han chay ciia thép fy . bay
1a gia tri ing suat nhan tao chi dugc dung dé tinh cho truong hop kiém soat be rong
nt nhé hon 0,016 va khong dai dién gia tri thyc.

So sanh két qua cac vi du:

Nhitng vi du trén 1a cdc minh hoa don gidn cho ca hai phuong phéap thlet ké. Thyc
ra, hai phuong phap nay d6ng nhat nhau. Phuong phap Frosch cung cép cac hé sd
hiéu chinh qua bién s o , do vay phuong phap nay dé dang hiéu chinh nhu trinh
bay ¢ trén. Tuy vdy, phuong phap ACI ciing dé bién d6i dé thoa man cac yéu cau
thiét ké khac. Nhu cac vi du trén, phuong phap ACI an toan mét chut so v6i phuong
phap Frosch. V&i nhitng két cdu khong yéu ciu kiém soat nut qui dinh trude, két
qua tinh nit cia ca hai phuong phép 1a nhu nhau. Khoang cach bd tri thép trong
dam thuong nho hon so véi gia tri max tinh todn. V&i ban c¢6 16p bé tong bao vé
dién hinh (tinh dén mat dudi cdt thép 0,757 = 2 cm), hai phuwong phap cho két qua
nhu nhau (s < 127 =30 cm).

KET LUAN:

Phuong phép thiét ké cia ACI 318-99 dé kiém soat nit khi udn dugc phat trién va
tmg dung cho két cAu BTCT khong yéu cau cac bién phap kiém soat ntt qui dinh
truge. Bao cdo nay trinh bay tom lugc co 8o 1y ludn cia n6 va cac phuong phap phat
trién no dé kiém soat niit cho cac két ciu dic biét. Cac phuong phap thiét ké dugc
phat trién dwa trén phuong phap ctia Frosch. Kiém soat khe niit dwgc mo rong cho
cac két cdu BTCT c6 yéu cau gidi han bé rong khe niit qui dinh trude (w. <0,016” =
0,4mm) ciing nhu cac két cdu két hop sir dung vat liéu gia cuong chiu kéo khac.
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Chuong 13: KHAI QUAT: PHAN TiCH & THIET KE CHONG PONG PAT

13.1 GIOI THIEU
Thyc hanh phén tich va thiét ké chong cac anh hudng cia dong dat c6 nhimg khac biét
dang k& so voi truong hop cong trinh chiu tai binh thuong, nhu tai trong ban than va tai
trong gi6. Bang dudi day liét ké mdt so khac biét chinh:

Luec kich thich binh thwong Luwec kich thich dong dit
Thuong 1a tai trong tinh Ludn 1a tai trong dong
Tai trong khong ddi theo thoi gian Tai dong dat hiém (50-100 ndm/lan) hogc rat
hay thuong xay ra hiém x4y ra (2500 ndm/lan)
Cuong d6 va hudng tac dung duoc Cuong d6 va hudng tac dung thuong khong
biét trudce biét trudce
Luc tac dung kiéu don vong lap Luc tac dung kiéu da vong lap
Tai tac dung truc tiép vao khung KC Tai tac dung gian tiép boi su di chuyén mong

a4 5 .
Inertia Force é

<mmmmn

Inertia Forces

Floor Slab

andfor Columns

Foundations

Acceleration

Figure 2: Inertia force and relative motion within

L a building )

Earthquake Shaking

Figure 4; Flow of seismic inertia forces through
all structural components.

.

Céc tiéu chuan thyc hanh thiét ké ghéng dong (;Iét déa ban hanh ¢ My tur dau thap nién
1930, Nhat ban hanh cac gui dinh’dﬁu tién vé ’thiét ké chong dong dat vao thap nién 1890.
Phuong trinh co ban thiét ké chong dong dat cia Uniform Building Code (UBC) nam
1927, cho cong trinh nha, don gian la:

V=CW (13-1)

véi V 1a luc cat day mong thiét ké , C 1a hé sb dong dat, W 1a trong lugng nha.

Tiéu chuan Viét nam méi nhat vé thiét ké cong trinh chiu dong dit 1a TCXDVN 375-
2006 dya trén nén tang cua Eurocode 8: Design of structures for earthquake resistance va
Ban do phan vung gia toc nén lanh tho Viét nam cua Vién Vat 1y Dia cau 1ap nam 2005.
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13.2 DPONG DAT & QUA TRINH PONG DAT
13.2.1 Pong dat
Thuce hanh thiét ké chdng dong dat c6 ban chit da k§ thuat nhu minh hoa duéi day:

structural
engineering

geotechnical
engineering

engineering
seismology

Céc chuyén vi dut giy dong dét co thé
phén lam ba loai :

0 Dut gy truot - Strike-slip fault
o Dut gay nghich - Reverse fault

0 Dut giy thing goc - Normal fault

Hinh dudi bén phai m6 ta dut gdy San
Andreas cit ngang dong bang Carrizo
Plains & mién Trung California. Tham
khao chi tiét cac vi du dat giy khac &
My trén website:

Normal fault

http://pubs.usgs.gov/gip/earthq3/intro.html.

Hai dac trung thuong gdp cua dong dat
1a cuong do chan dong (magnitude) va
cap dong dat (intensity).

> Cuong d6 chan dong (M) la dai
luong do luong nang lugng do dut
gay phong thich. Dao dong 16n cua
mong c6 thoi gian kéo dai thuong
gan két voi cac tran dong dat 1om.
Pon vi Richter. Tan suét xuét hién
hang nam cua dong dat phan nhém
theo dai luong cuong do chin dong
(M) nhu xem Bang 1 dudi day.

Chwong 13: KHAI QUAT: PHAN TICH & THIET KE CHONG BPONG DAT


http://pubs.usgs.gov/gip/earthq3/intro.html
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Table 1: Global occurrence of earthgquakes

Great 8 and higher 1
Major 7-79 18
Strong 0-059 120

Moderate 3-59 S00
Light £4-45 3,200 (estimated)
Minor 3-39 49,000 (estimated)

Very Minor <3.0 M2-3: ~1,000/ day; MM1-2: 8,000/ day

Sowrce: hittp:: /neic usgz gov/neis /eqlists /eqstats html

> Ce”ip dong dat 1a dai luong do luong dao dong dong dat tai vi tri can xem xét, va phu
thudc vao cuong do chan dong (M), khoang cach tir vi tri dén tdm chin va duong dut
gay, diéu kién dia hinh dia cht caa vi tri do, ... (xem minh hoa & Hinh 1 duoi day).
Don vi theo thang do MMI (My: 12 cép) hay thang do EMS cii tién tir MSK (Chau
Au, VN - tir cap I d&én cép XII), trong khi d6 thang do JSI ctia Nhat chi c6 7 cép.

N

Place of
Interest

Epicentral Distance

\ Figure 1: Basic terminology j

Mot s6 hinh anh vé tac dong ctia dong dat trén két cdu BTCT trén thé giéi:

= e g

a)- Dong dat Bhuj (An d6) nam 2001
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d)- Pong dat Sichuan (TQ) ndm 2008
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13.2.3 Cac qua trinh dong dat

Bai giang: Profs. A. Whittaker
Bién dich: PhD HoO Hiru Chinh

Cac phay dut gdy tao ra cac song dong dat ma co thé ghi boi cac dia chin ké (gia toc ké)
va cac thiét bi k¥ thuat s6. So d6 mot dia chin ké don gian xem ¢ hinh vé& dudi day:

s

Support

String
Magnet

Pendulum Bob

Rotating

r_\ Drum

\Figure 3: Schematic of Early Seismograph _/

N

Mot dia chan ké dién hinh thudng ghi ba thanh phan chuyén vi ciia dao dong dong dat:

hai nam ngang va mot thang dimg. Cac duong qua trinh gia tcf)c ghi tai mot tram do cua
tran dong dat nam 1994 & Northridge (California, My) dugc bi€u dién ¢ hinh bén dudi:

ATCELEAST IOH

1
b
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!
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Cac duong qua trinh nay co thé dung truc tlep trong phén tich dap ung-thoi gian
(response-history analysis) nhung theo truyén théng thuong dugc chuyen thanh mét dap
g theo chu ky hay con goi 13 pho dap tng (response spectrum) nham phuc vu cho cac
muc dich thiét ké s& ban luan sau day.
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13.3 CAC PHO DAP UNG

13.3.1 Khai niém
Pho dap tmg cia mdt qua trinh dong dat 1a do thi biéu dién mdi quan hé giira gia tri 16n
nhat cua mot dai lugng dap (mg nao do (vi du gia toc, van toc, chuyén vi) va chu ky dao
dong (hay tan s6 dao dong). Nhirng pho nhu vdy thuong dugc v€ theo dang dap mg dan
hoi-tuyén tinh V01 mot hay nhiéu ty sé can nhdt (damping ratio). Ty sb can nhét dién

hinh cho két cau BTCT 1a & = 5%. (Céac pho dién hinh ciia cac dap ung gia toc, van tdc,
chuyén vi dugc trinh bay ¢ hinh v€ trang sau.

- - =
124 = . :
” L} ] >
1.0 = ]
= m
- n
3 o dedbbenens S T ®
: :
£ 06 fN= : =
P = = = <08¢g
g Jr = H H
3 0.4 . H
L} L}
02 = : .
= = H
0.0 = * T = T T T
L} n ™
0 = : 2 3 4 5 6
H H H
H H Pewiod (sec.)
u u :
| | | | ™
L] L] )
H H =
150 1 = H .
H H H
— u u u
. . :
= w0 = " H
= u u n
E = = =
2 . . H
= 507 = = H
= L} L}
= : : :
H » H
L}
0 .I T . T T T
3

(=]
—
[

Period (sec.)

Pho gia toc (spectral-acceleration - S,) va phd chuyén vi (spectral displacement - Sy) lién
hé nhau qua chu ky dao dong (T) theo phuong trinh sau:

s, =()’s, (132)

O céc tran dong dat 16n, cac dinh gia toc ngang ghi dugc vuot qua 0.8g (g - gia tbc trong
truong). Pidu ndy c6 nghia gi vé dap ung phd?

> V6iT=0,3svaS,=20g—>Sq= 1,8~
> V6iT=1,0svaS,=06g—>Si= 59" = S, > S, 77
> V6iT=3,0svaS,=02g—>Sq=17,6"

Nhiéu théng tin vé& cac phd dap ung cho thiét ké cong trinh sin c6 trong hudéng din
FEMA 356 (My), TCXDVN 375-2006 (Viét nam) va céc tai li¢u lién quan khéc.
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Acceleration Response Spectrum Displacement Response Spectrum

Maximum
Displacement

Maximum
Acceleration

round

Structural Period, T

O

Shaking - ,""

CE243A

b)- Phd chuyén vi dinh theo chu ky

50

4.0t
k M C

§=—— ¥
2 kM Zlnddmp@d - 27[ 7

30

Dynamic Load Factor (DLF)

20
astructure
DLF =———
1.0 aground
. T;mdamped
0 1.0 2.0 3.0 4.0 ground
Frequency ratio p
- Luc 16 xo xac dinh bang cong thic: F =M x S, (13-3)
, . F
- Chuyén vi dinh x4c dinh bang cong thic: S, = n (13-4)
L. \ sy . 21, T,
- Phoi hop (13-3) va (13-4) ta tré lai (13-2) ¢ |S, = (?) Sa hay [Sq= (2_n) S,

> Thiét ké “khang chin” (design for seismic resistance): duoc trinh by & gido trinh ndy, nghién
ctru cic phuong phap phan tich va thiét ké cong trinh dé tiéu tan ning lugng do luc dong dat tao
ra, vi du ACI 318, Eurocode 8, TCXDVN 375-2006. Do dua trén do bén sin c6 ciia h¢ két cau,
nén cac phuong phap khang chén nay phai chip nhin mét muic do bién dang va hu hong cia
cong trinh sau khi dong dat xay ra. Ty s can nhét & cua két cau khang chan c6 gia tri nho & <
0,2, vi du két cdu BTCT ¢6 & = 0,05, két ciu thép c6 & = 0,02.

> Thiét ké “giam chin” (design for seismic control): nghién ciru cac thiét bi giam chan cong trinh
(dampers) va céc thuat toan diéu khién (algorithm) nham lam giam cuong do lyc dong dat tac
dong 1én hé két cau Muc tiéu ciia nhom phuong phap nay la chu dong lam giam tat ca cac dap
tmg ctia hé két ciu bao gdm gia tdc, van tdc va chuyén vi cac tang san, do do hau nhu c6 thé
giam thiéu moi hu hong cua cong trinh va ngin ngira cong trinh sup d6. Ty sé can nhét & cua
két cau co giam chan co gia tri 16n hon, vi du két cau c6 hé can ban chi dong co thé diéu khién
de € >0,5.




Cao hoc: Xay Dung Dan Dung va Cong Nghiép
Mon hoc: Phan Tich Ung Xir & Thict Ké Két Cau BTCT

13.3.2 Phan ving gia toc nén dong dit theo TCXDVN 375-2006

theo
thiét

Theo TCXDVN 375-2006, Tir dinh gia tbc nén agr CO thé chuyen d6i sang cip dong dat
thang MSK-64, thang MM hodc cdc thang phan béc khac, khi can ap dung cac tiéu chuan

ké chiu dong dét khac nhau.

Bang chuyén ddi tir dinh gia tdc nén sang cip dong dat

Bai giang: Profs. A. Whittaker
Bién dich: PhD H6 Hiru Chinh

Thang MSK-64 Thang MM
Cdp dong dat Pinh gia toc nén agr Cdp dong dat Pinh gia toc nén agr
\Y 0,012 - 0,03 A" 0,03 - 0,04
VI > 0,03 - 0,06 VI 0,06 - 0,07
VII > 0,06 - 0,12 VII 0,10-0,15
VIII >0,12 -0,24 VIII 0,25 -0,30
IX >0,24 - 0,48 IX 0,50 - 0,55
X > 0,48 X > 0,60

BAN PO PHAN VUNG GIA TOC PHIA NAM VIET NAM

sy

mlens

-

Ui




Cao hoc: Xay Dung D’zfin Dung va Cong Nghiép Bai giang: Profs. A. Whittaker
Mon hoc: Phan Tich Ung Xt & Thict Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh
Gia trj gia téc nén thiét ké a, = Y1.a4g, chia thanh ba truong hop dong dat (theo TCXDVN 375-20006)
- Pong dit manh a; > 0,08¢ = phai tinh todn va ciu tao khang chan
- DPong dat yéu 0,04g < a, <0,08g = chi can ap dung giai phap khang chan di duoc giam nhe
- DPong dat rit yéu a,<0,04g = khong can thiét ké khang chan

Mirc do va hé so tam quan trong ciia cong trinh nha

Mirc do Cong trinh nha Hé so 7y
I Nha cao tang 20-60 tang, cong trinh dang thap cao 200-300 m. 1,25
II Nha cao ting 9-19 ting, cong trinh dang thap cao 100-200 m. 1,00
I Nha 4-8 tang, cong trinh dang thap cao tir 50 m dén 100 m; 0,75

13.3.3 Phé dap irng gia tc dan hdi theo TCXDVN 375-2006

Theo diéu‘khoén 3.2.2.2, véi cac thanh phﬁn nam ngang ciia tac dong dong dat, phd phan
ung dan hoi Se(T) (8,) dugc xac dinh bang cac cong thuc va hinh dudi day:

4
Se (m/sz) a,=0,83 m/s? S=1,15 Tz=0,2s
n =10 (£ =5%) Tc=0,6s Tp=2,0s
Subsoil: type C
3 i

0<T <7 :5,(F)= ag.S.{IJrTi.(?].Z,Sfl)J
=

Ty ST S0.:5,(T) =a,.5.0.2,5

T (sec)

0 1 2 3 4

Vi du pho phan tmg dan hoi theo TCXDVN 375-2006.

T=0->T, = SE(T)zagS{l+;—B(2,5n—l)} (13-5a)

T=T, > T.= S.(T)=25a,5n (13-5b)

T=T.>T,= S,(T)= 2,5agsn{%} (13-5¢)
T.T,

T=T, >4s= S(T)= 2,5agSn[ %ZD} (13-5d)



Cao hoc: Xay Dyng Dan Dung va Cong Nghiép Bai giang: Profs. A. Whittaker

Moén hoc: Phan Tich Ung Xur & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh
trong do:
- Se(T) Phé phan tng dan hoi ;
-T Chu ky dao dong cua hé tuyén tinh moét bac tu do;
- ag Gia toc nén thiét ké trén nén loai A (ag = y1.agr);
-Tg Gidi han dudi cta chu ky, tng voi doan nam ngang cta phd dap tmg gia toc;
-Tc Gi6i han trén ctia chu ky, ing v6i doan nim ngang ctia phd phan tmg gia tdc;
-Tp Gia tri xac dinh diém bit dau ctia phan phan tng dich chuyén khong doi

trong pho phan ting;

-S Hé s6 nén

Gia tri cia cac tham s6 mo ta cac pho phan ung dan hoi

Loai dit nén S Tg (s) Tc (s) To (s)
A 1,0 0,15 0,4 2,0
B 1,2 0,15 0,5 2,0
C 1,15 0,20 0,6 2,0
D 1,35 0,20 0,8 2,0
E 1,4 0,15 0,5 2,0

-m  Hé sb diéu chinh d6 can vai gia tri tham chiéu n = 1 ddi v6i d6 can nhét & = 5%
Hay cong thuc: n= % > 0,55 (13-5e)
+

(€ - ty sb can nhdt cua két cdu, tinh bang phan trim)

13.3.4 Phé thiét ké ding cho phan tich dan héi theo TCXDVN 375-2006

>

>

Kha ning khang chan cua hé két cau trong mién tng xir phi tuyén thuong cho phép thiét ké
két cau voi cac luc dong dat bé hon so véi cac luc ing véi phan ung dan hoi tuyén tinh.

Dé tranh phai phén tich truc tiép cc két cdu khéng dan hoi, ngudi ta ké dén kha ning tiéu tan
nang luong chu yéu thong qua tng xtr déo cua cac cu kién cua nd va/hodc cac co cdu khac
béng cAch phén tich dan hdi dua trén phd phan g duoc chiét giam tir phd phéan ing dan hoi,
vi thé phd nay duoc goi 1 “phd thiét ké”. Sy chiét giam duoc thuc hién bang cach dua vao
hé sb tng xir q.

He s6 tmg xtr q biéu thi mot cach gan dung ty sb g1ua luc dong dat ma két cdu s& pha1 chiu
néu phan tng ctia n6 1a hoan toan dan hdi véi ty s6 can nhdt & = 5% va lyc dong dat c6 thé
sir dung khi thiét ké theo mo hinh phan tich dan hoi thong thudng ma van tiép tuc bao dam
cho két cAu mot phan (mg théa méan cac yéu cau dat ra. Gia tri cua hé s6 g xir q trong do co
x€t t01 anh huong cia & # 5% cua cac loai vat liéu va hé két cau khac nhau tuy theo cip déo
két cau tuong Gmg can tham khao trong cac phan khac nhau cia TCXDVN 375-2006. Gia tri
cta hé s6 ing xu g co thé khac nhau theo cac hudng nam ngang khac nhau ciia két cau, mic
du su phan loai cap déo két cau phai nhu nhau trong moi hudng.

Theo diéu khoan 3.2.2.5, v6i cac thanh phan nim ngang cua tac dong dong dat, pho thiét ké
Sa(T) véi ty sd can nhét & = 5% duoc xac dinh bang cac cong thirc va hinh dudi day:



Cao hoc: Xay Dung Dan Dung va Cong Nghiép
Mon hoc: Phan Tich Ung Xir & Thict Ké Két Cau BTCT

trong do:

- Sa(T)
-B

2 T .25 2

Bai

giang: Profs. A. Whittaker

Bién dich: PhD H6 Hitu Chinh

T=0->T; = S,(T)=a,S (13-6a)
13 T,
2,5a S
T=T, >T. = S,(T)= (13-6b)
T=T.>T,= S (T)— [?C} (13-6¢)
T=T, >4s= S, (T)=— [T }>Ba (13-6d)
Phd thiét ké ; -q hé s6 ung Xu;
hé sb tng voi can dudi ciia pho thiét ké theo phuong nam ngang, = 0,2.
4
Sy (m/s?) | ag=083mis’ $=115 Tg=02s
n =10 (£ =5%) Tc=0,6s Tp=2,0s
q=15 Bp=02
3 0T <Ty:5,(T)=a SE 71;;{2; %H
T, <T STC:Sd(T):ag.S.E
g
T (sec)
0 1 2 3 4
4
Se, Sy | a=083mss? S=115 Tg=02s
2 n= 1,0 (a = SOA)) TC =0,6s TD =2,0s
(m/s7) q=15 B=02
3 ]
2 ]
1 ]
0 ‘ ‘ ‘ T (sec)
0 1 2 3 4

Vi du pho thiét ké (Sq) so sanh voi phd dan hdi (S.) theo TCXDVN 375-2006



Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Profs. A. Whittaker
Moén hoc: Phéan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD H6 Hitu Chinh
13.3.5 Hé s6 wng xir ddi véi cac tac dong dong dat theo phwong ngang (TCXDVN 375-2006)

Theo diéu khoan 5.1.1.1, gia tri max cua hé $6 ung xu q, dé tinh dén kha nang lam ti€u tdn
nang lugng, phai dugc tinh cho tirng phuong khi thiét ké nhu sau:

q=q.k, =L5 (13-7)

trong do:
(o — gia tri co ban ctia hé s6 ing xir, phu thudc loai hé KC va tinh déu din ctia mit ding;

kw —hé s phan anh dang pha hoai phd bién trong hé két cau c6 tuong.

Gia tri co ban cta hé sb ung xu, (o, cho h¢ BTCT co su déu dan theo mat ding

Loai két ciu KC déo thap KC déo vira KC déo cao
Hé khung, hé hon hop, hé tuong kép 1,5 3,0 aw/oy 4.5 oo
H¢ khong thude hé tuong kép - 3,0 4,0 ow/oy
Hé dé xoan - 2,0 3,0
Hé con lac nguoc - 1,5 2,0

(*) Vi loai nha khong déu dan theo mat ding, gia tri g can dugc giam Xuéng 20%.

Gia tri tham khao cua aw/o cho hé BTCT c6 su déu dan theo mat bé“mg

Loai két cau oLy/0Ly

a)- Hé khung hoic hé két cau hdn hop tuong dwong khung:

- Nha mét tang 1,1
- khung nhiéu tﬁng, mot nhip 1,2
- khung nhiéu tang, nhiéu nhip hogc két ciu hdn hop twong duong 1,3
b)- Hé twong hodc hé két cdu hdn hop twong duong voi tudng:

- hé tuong chi co6 hai tuong theo tung phuong ngang 1,0
- cac hé tuong khong phai la tuong kép 1,1
- hé két cu hdn hop tuong duong tudng, hodc hé tudng kép 1,2

(**) V&i loai nha khong déu din theo mit bang, gia tri a,/oy = 1,0

Gia tri tham khao cta hé sd ky cho hé BTCT

Loai két chu Ky
a)- Hé khung hodc hé két cdu hdn hop tuong dwong khung 1,0
b)- Hé twong, hé KC hdn hop tuong dwong tudng va KC dé xodn 0,5<(1+ap)/3<1

(***) ap—la ty s0 kich thude cdc tuong trong h¢ ket cau. o, =Zhwi/21wi

h,,— chiéu cao tuong thi i; l,,— do dai tuong tht i;



Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Profs. A. Whittaker
Mon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD Ho Hitu Chinh

13.4

PHUONG PHAP PHAN TiCH & THIET KE PONG PAT TRUYEN THONG
Phuong phép phan tich tuyén tinh (Linear Approach) bao gdm hai nhom chinh:

» Phan tich tuyé‘n tinh tinh-LSP (Linear Static Procedure): phén tich dan hdi-tuyén
tinh, dang truyén thong.
> Phan tich tuyén tinh dong-LDP (Linear Dynamic Procedure): phan tich theo thoi gian
Phén tich dong dat truyén thong dya trén phan tich cac mé hinh dan hoi tuyén tinh cua
khung nha dung cac lyc quan tinh (F;) suy ra tir mt dap Gng pho gia tc kiéu Sa (T1,8).
Theo tiéu chuin My, phuong trinh xac dinh luc cit ddy mong thiét ké (V) dang c6 dién:
Sa (Tl Y i)M
R

V= (13-8)

v6i T, tan sd co ban cua két cdu (mode 1); R 1a hé sd hiéu chinh dap tng (response
modification factor) dac trung cho kha nang cua h¢ khung két cdu xem xét. Néu R = 1,
luc cat day mong thiét ké duoc lién déi voi dap tng dan hoi trong hé khung. Thuong gia
tri R = 6-8 d6i v6i cac hé khung BTCT déo cao (special frame).

Khi lyc cat day mong thiét ké dugce xac dinh, Iy nay (V) duge phan phéi theo chiéu cao
cua khung nha thanh cac lyc ngang (F;) theo mét so do thuong lién quan dén ki€u dao
dong thir nhat nhu hinh sau day:

F, = m a,(t)

F; = mja,(t)

F, = myay(t)

F1 = mya,(t)

Note: Forces generally
Increase with height

V(t) = 2 mai(t) j=1 4

Tong céac lyc ngang (ZF;) tac dong tai cic ting khac nhau cia khung bang luc cat day
mong thiét ké (V). Cung véi tai trong ban than, cac luc ngang nay tac dung dong thoi trén
mé hinh dan hdi tuyén tinh ctia khung nha. Cac mémen, luc cat, va luc doc tinh toan tir
mo hinh duge ding dé xac dinh kich thudc cac bo phan cua khung két cau.

Sau d6 cic qui tic cdu tao vé BTCT phai chap hanh theo nham dam bao kha ning bién
dang du 16n cho céc phan tir khung tmg xur khong dan hoi (inelastic response)



Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Profs. A. Whittaker
Mon hoc: Phan Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD Ho Hitu Chinh
13.5 PHAN TiCH PAN HOI-TUYEN TiNH THEO TIEU CHUAN VIET NAM

Theo TCXDVN 375, tuy thudc vao CE:IC déc’ trung két cAu cta nha, co thé st dung mdt
trong hai phuong phap phan tich dan hoi-tuyén tinh sau:
a) Phuong phap “Phan tich tinh luc ngang twong dwong” (Equivalent linear static
analysis) doi véi nha thoa cac diéu kién:

» ¢6 cac chu ky dao dong co ban T theo hai hudng chinh:
T, <min(4T.,2s) (13-9)

> thoa man nhing tiéu chi vé tinh déu din theo mat dimg.

b) Phuong phdp “Phan tich phf) phan ng dang dao dong” (Modal response spectrum
analysis), 1a phuong phap c6 thé ap dung cho tat ca cac loai nha.

Lua chon phuong phap phan tich va thiét ké chiu dong d¢at (TCXDVN 375)

Tinh déu din Puogc phép don gian hoa Hé s6 &ng xir q
Mit bang | Mat dimg | M6 hinh Phan tich dan hdi - tuyén tinh | Phén tich tuyén tinh
Co Co Phing 2D Tinh lyc ngang tuong dwong | Gia tri tham chiéu
Co Khong Phing 2D Phan tich dang dao dong Gia tri suy giam
Khong Co Khéng gian 3D | Tinh lyc ngang twrong duong | Gia tri tham chiéu
Khong Khong Khong gian 3D | Phan tich dang dao dong Gia tri suy gidm

13.5.1 Phwong phap “Phan tich tinh luc ngang twong dwong” (TCXDVN 375-2006)

Theo TCXDVN 375, “phan tich tinh luc ngang tuong duong” c6 thé ap dung ddi v6i nha
thod céc diéu kién tiéu chi vé tinh déu dan theo mt dimg va cong thie (13-9), phuong
trinh x4c dinh lyc cat ddy mong thiét ke (Fy) c6 dang:

F, =S,(T,, )M (13-10)
trong do:
Sa (T1, &) Tung do cua pho thiét ké tai chu ky T
T, Chu ky dao dong co ban do chuyén dong ngang theo phuong dang xét;
A Hé sb hiéu chinh, 13y nhu sau:
_A=0,85 néu T,;<2T¢ v6inha >2 tang; A = 1,0 v6i cdc truong hop khac.
M Tong khoi lugng nha ¢ trén mong dé tinh luc cat ddy mong Fy, , xac dinh bang:
M= ZGk,j +ZWE,iQk,i (13-11)
21 i1
Gy - tinh tai tinh toan tht j ; Qx.i - hoat tai tinh toan thuri ;
Wi - hé sb to hop tai trong ddi véi tac dong thay doi thiri ;
Hoat tai dat 1én nha (12 (0} YE = Qx>
Loai A: Khu vuc nha ¢, gia dinh 0,3 0,8 0,24
Loai B: Khu vuc van phong 0,3 0.8 0,24
Loai C: Khu vyuc hoi hop 0,6 0,8 0,48
Loai D: Khu vuc mua ban 0,6 1,0 0,6
Loai E: Khu vuc kho luu triv 0,8 1,0 0,8




Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Profs. A. Whittaker
Mon hoc: Phin Tich Ung Xir & Thiét Ké Két Cau BTCT Bién dich: PhD Ho Hitu Chinh

> Phén phoi luc cat ddy mong Fy, 1én hé khung BTCT theo TCXDVN 375-2006, bang cac
luc ndm ngang Fy vao tat ca cac tang ¢ hai md hinh phang (doc va ngang nha):

O i NG o} (13-12)
2.5,
trong do:
Fyx luc ngang tac dung tai tang thir k
Fp luc cat day do dong dat tinh theo (13.10)

Sk » Sj chuyén vi caa céac khdi luong my , m; trong dang dao dong co ban
my, m; khdi lugng cua cac ting tinh theo (13.11):
m, =G, +ve, Q5 m; = Gk,j +WE,ij,j

> Khi dang dao dong co ban duoc ldy gan dang bang cic chuyén vi ndim ngang ting tuyén
tinh doc theo chiéu cao thi lyc ngang Fy ¢6 dang don gian nhu sau:

7. m
Fo=<=y xR, (13-13)
2Zm,
trong do:

Zy , Z; 36 cao cua cac khdi luong
mg , mj so voi diém dat tac dong
dong dat (mit mong hodc dinh
clia phan cting phia dudi).

> Luc ndm ngang F\ xac dinh theo
(13-12) va (13-13) diéu nay phai
duoc phan bd cho hé két ciu chiu
tai ngang véi gia thiét san clng
trong mit phang cta ching.

Sway and torsional

> Anh huéng ciia hiéu (mg xoén nhw hinh bén tham  gimpie sway e
khao phan 4.3.3.2.4. ciia TCXDVN 375-2006. oscillations e

- -

p— - I

> Diéu chu y td hop tai trong co xét dén dong dat - o
(THDB) dé tinh noi luc khung nha la: / I I/ |/
| |
|

THDB:ZFk +ZGk,j +Z\I’2,1Qk,i (13-14)

k>l 21 i>1

Fi - luc phan theo tang thir k do tac dong cua
luc cat ddy mong Fy, | ’ ’

Gy - tinh tai tinh toan th{ j ;

Q.- hoat tai tinh toan thr i ;

V2, - hé s6 to hop tai trong ddi véi tac dong
thay doi thtr i (tra bang)

Plan (a) Plan (b)
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Mo6n hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD Ho Hitu Chinh

13.5.2 Phwong phap “Phan tich phd phan ng dang dao dgng” (TCXDVN 375-2006)

» Phuong phap phan tich nay can duoc ap dung cho nha khong thoa min nhitng diéu kién
da néu trong phan 13.5.1 khi tng dung phan tich tinh lyc ngang tuong duong.

> Phai xét t6i phan tng cla tat .- . "
ca cac dang dao dong gop } i
phan dang ké vao phan tng ; '
tong thé ctia nha. Nhimg
mode nay phai thod man |
mot trong hai diéu kién sau: | d L

- Téng cac khéi luong hiru
hi€u cia cac dang dao dong
duogc xét chiém it nhat 90%

tong khéi lugng cua két cau: i o b nes

0,9M <> m, <M (13-15)

k>1

e

- Tét ca cac dang dao dong c6 khdi lugng hiru hiéu 16n hon 5% cua tong khdi luong
déu duoc xét dén:

m, >0,05M (13-16)
Trong d6 M tinh theo (13-11).

Ghi cht: Khoi lwong
hitu hiéu My ung voi /\
dang dao dong K, duoc [\
xde dinh sao cho luc cdt |
day Fuy, tdac dong theo
phuong tac dong cua
lwc dong ddat, cé thé
biéu thi dudi dang:

Fok = Sa (Tk) Mk
Cé thé chimg minh rang s % \,\
tong cac khoi luwong =

w0
hitu hiéu (dé,l Vi tat cd . !\ _ '—\ Structural period: s - '\ _
cac dang dao dong va 05 1.0 15 - 2.0
déi véi mét huwéng cho \ f
truwde) la bang  khoi
liwong két cau M
» Khi stt dung mé hinh

khong gian, nhiing
diéu kién trén can

S., spectral acceleration: g
s
-
7
>4

—

duoc kiém tra cho Mode No 3 2 1
mo1 phuong can thiét Period T,=034s T,=065s T,=17s
(ph.doc & ngang nha). Base shear | _0.053(S,); V,=0045(S), Vs =0.853(S,),

Weight
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Mén hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT

Bai giang: Profs. A. Whittaker
Bién dich: PhD HoO Hiru Chinh

> Néu cac yéu cau quy dinh trong (13- 15) va (13-16) khong thé thod méan (vi du trong
nha va cong trinh ma cac dao dong xodn gbp phan dang ké) thi sb lugng t6i thiéu cac
dang dao dong k dugc xét trong tinh toan khi phan tich khong gian can thod man cé hai

diéu kién sau:

{kz3¢ﬁ

T, <0,2

k ) dang dao dong duogc xét toi trong tinh toan;

n s0 tang & trén moéng hodc dinh cua phan ctiing phia dudi;

(13-17)

Ty  chuky dao dong cta dang thtr k (chu ky dao dong bé nhat dugc xét dén tinh toan)

> T hop céc phan tng dang dao dong:

O Phan ung ¢ hai dang dao dong i va j (ké ca cac dang dao dong tinh tién va xodn)
c6 thé xem 1a doc 14p v6i nhau, néu cac chu ky T; va T; thod man diéu kién sau:

T, <09T,

(13-18)

o Khi tit ca cac dang dao dong can thiét (xem (13-15), (13-16), (13-17)) duge

xem 14 doc 1ap véi nhau, thi gia tri 16n nhit Eg cia hé qua tic dong dong dat co

thé 14y bang:

trong do:

(13-19)

Eg hé qua tac dong dong dat dang xét (luc, chuyén Vi, Vv..);

Egi  gia tri hé qua tac dong dong dat nay do dang dao dong thir i gay ra.

0 Néu (13-18) khong thoa, can thyc hién cac quy trinh chinh x4c hon dé t6 hop cac
phan tng cuc dai cua cac dang dao dong, vi du nhu phuong phap CQC (Complete

Quadratic Combination).

> Anh huong cua hiéu ing xoin tham khao phan 4.3.3.3.3. ctia TCXDVN 375-2006

Simple sway
oscillations

——f——

Plan (a)

Sway and torsional
oscillations

Plan (b)
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13.6 UNG XU KHONG PAN HOI (INELASTIC) CUA KET CAU NHA

Trong thyc hanh ky thuat chéng dong dat thuong dung cac dai luong nhu khoang chuyén
vi déo, ty sb chuyen vi déo, va h¢ s6 giam cuong dd (hay hé s6 hiéu chinh dap tmg). M6
hinh 1y tuéng vé quan hé giita lyc cat ddy moéng va chuyén vi dinh trinh bay duéi day

dung dé minh hoa cac dai lugng nay.
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rs
I
v, .
+ <
-
rs
d
.
-
&
ra
F
’
#
rd
rs
-
”,
-
I.f -~
y
1/. >
A
A . u
Displacement

Dua vao hinh trén, ta c6 cac dinh nghia sau day:
> Khoang chuyén vi déo (displacement ductility) bang

ning bién dang khong dan hoi.

Ay —Ay|, 1a dai lugng do kha

. . A
» Ty s0 chuyén vi déo (displacement ductility ratio) la: |1 = A“
y
> DO giam cudng dd (strength reduction) hay hé s6 hiéu chinh dap tng (response
V
modification factor) 1a|R = V_e . V6i nhiing hé khung BTCT déo cao R = 6-8.
y

Hinh duéi biéu dién lyc ngang-chuyén vi dinh so sdnh vo1 img xtr dan hoéi cua 2 vi du:

a)- két cau déo cao (n>3) b)- két cau déo thap (un<1,5)
‘.I_ _F: i F; astic
_.--" F. 3 lFr asl
£ 9
b Foe 9 P1I.ac:\'|(- sy

]

W = tgaeclity (= 4 for the case shown) ,‘_3

[} = Un u l“-ﬂ E

' Y " LL
) F. F_; asticd M E
-’5 w
Q w
b ,;@{\ g 8
1] oY H Q
a By s E
o AP’ & i
] v 8
g P, 2

A Plastic system o
AR Wi
. - . [ ] 3 "
Deflection Deflection



Cao hoc: Xay Dung Dan Dung va Cong Nghiép Bai giang: Profs. A. Whittaker
Mo6n hoc: Phan Tich Ung Xt & Thiét Ké Két Cau BTCT Bién dich: PhD Ho Hitu Chinh

Bang sau day biéu dién cac dap tmg vé luc & chuyén vi do dong dat gay ra trong két cdu
déo (iing xir khéng dan hoi) so sanh véi két cau ing xir dan hoi:

Chu ky dao dong co ban ctia két cau (T) KC danhdi | KC déo (khong DH)

a)- Gia tri T; trung binh dén 16n

e Gia toc Sa pu Sa pL = Sa pu/ |
e Luc Fpu FpL~Fpu/p
e Chuyén vi UpH upL, ® UpH
b)- Gid tri T, rit nho
e GQia té)C S. pH Sa_pL ® Sa_pH
e Luc Fpu Fpr = Fpu
e Chuyén vi UpH UpL, ® HUpH
¢)- Gia tri Ty nho dén trung binh
e Gia tdc Sa pH Sa pL = Sa pu/X
e Luc Fpu FpL = Fpu/X
e Chuyén vi Upy upr, & Wupy /X

Ghi chii: DH: dan hoi; PL:déo; X:hé sb co gia tri trong khoang 1 <X < p
13.7 UNG XU KHONG TUYEN TiNH (NONLINEAR) CUA KET CAU NHA

Xét tudng (dam) cong x6n bén dudi véi tai ngang tac dung tai dinh tudng. M6 hinh tGng
xtr thong thuong dugce chap nhén nhu sau:

P =—p @la

Wall elevation Moment diagram Curvature distribution

Quan h¢ luc ngang- chuyen vi dinh dugc mé ta nhu thé nao? Tham khao so sanh lyc va
chuyén vi ciia khung 10 tang khi ing xtr déo va khi tmg xir dan hoi & dudi day:

5% viscous damping
Level
10 10 |
_ 9 | g}
8 | 8 | Elastic
Elastic
7 7t
6 6 |
=1 S|
: Ductile
4 \ 4 ~. (nL=2)
\ Ductile .
3 \ (n = 2) 3 | 8
2 \ o | N,
| ’ 7
S N S L p— : » 1 : : 4 :
I 2 o 2000 4000 6000 0 10 20 30
Shear: kKN Drift: mm

(a) (b)
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Bay gior xét hai so d6 khung dudi day. Gia su chuyén vi déo trong ca hai khung 13 &= Oy,
ma duoc do tai dinh khung, va mode bién dang khi chay déo la ¢ hinh trai bén dudi:

8 A r 6 r Y
<] a)- Cit cimg-dim yéu  [<>]  b)- Cot yéu-dm cimg

=

Trong hai so do khung nay, so do nao an toan hon? Tai sao?
Tra 1o1:

- Khung bén trai: xuit hién cac khop déo phin bo toan khung, do d6 tiéu tan ning luong
va hu hong phan bo déu toan khung — két cau an toan hon (global ductility).

- Khung bén phai: chi xuit hién cac khép déo phan bo cuc bo & tang trét, do d6 tiéu tan
ning luong va tat ca hu hong tip trung & tang trét — két ciu it an toan (local ductility).

displacemeant dizplacement
at collapas at collapss

[amage
distributed All damage
in all In one

storeys storey

Weak Beams

(a) Strong Columns, J (b) Weak Columns, x(

Strong Beams
Figure 5: Two distinct designs of buildings that

result in different earthquake performances —
columns should be stronger than beams.
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13.8
13.8.1

13.8.2

13.8.3

PHAN TiCH KHONG TUYEN TiNH

Gioi thiéu

Phén tich khong tuyén tinh (nonlinear analysis) dan d?}n duoc qhép nhén trong cong dong
thiét k& chuyén nghiép nhu la mot phuong phap c6 thé phat trién dé danh gia su lam viée
cua cong trinh hién hiru. Hai loai phan tich khong tuyén tinh la:

> Phan tich phi tuyén tinh - NSP (Nonlinear Static Procedure, Pushover Procedure)

> Phan tich phi tuyén dong - NDP (Nonlinear Dynamic Procedure)

Ca hai phuong phap nay doi hoi su chuan bi cac mo hinh toan phi tuyén ctia khung nha.
Nhu vy, tit ca cac vi tri ¢6 thé ing xtr phi tuyén (thuong goi 1a khép déo - plastic hinge)
trong khung phai dugc xac dinh trong mé hinh toan, va cac quan hé phi tuyén luc-bién

dang (nonlinear force-deformation relationship) phai dugc lap trude cho timg thanh phan
cua khung nha c6 kha nang tmg xtr phi tuyén.

Phuong phép phi tuyén tinh (NSP)

Phuong phap phi tuyén tinh yéu cu sy gia ting tai trong trong md hinh toan cia hé
khung bang cach ap dung mot so dd luc xac dinh trude (predetermined force profile). Hai
so dd lyc thong dung 1a:

a. So dd C,y (Modal pattern): hinh du6i bén trai.
b. So do gia téc khong ddi (Constant acceleration pattern): hinh dudi bén phai.

® > @ >

O *— —>

o > ® —_—>
€« €«

San pham cua cac mo hinh phén tich nay thuong 1a mét duong cong pushover ma lién
quan voi luc cat ddy mong (base shear force) va chuyén vi dinh nha (roof displacement).
Céc quan hé nay dugc st dung dé danh gia cong trinh theo cac budc sau:
> Thiét 1ap chuyén vi max cta dinh nha (chuyén vi muc tiéu - target displacement)
0 Diéu nay tién hanh ra sao khi khong ap dung phwong phéap phan tich phi tuyén?
> Dung s liéu ctia duong cong pushover va cac thong tin lién quan, tinh bién dang va
ndi luc trong cac thanh phan két cau khung khi chuyén vi dinh nha bang chuyén vi
muc tiéu.

> Kiém tra kha ning chiu luc va bién dang trong céc thanh phan két ciu khung so véi
két qua tinh & trén.

0 Lam sao tinh cac kha nang chiu lyc?
= Tham khao FEMA 356 hay ATC-40 hay céc tai li€u tuong tu

Phwong phap phi tuyén déng (NDP)

Phuong phép phi tuyén dong bao gdm céc phan tich dap tng-thoi gian (response-history
analysis) mo hinh toan phi tuyén ctia khung nha ma di néu ¢ phan 13.8.1. Cac qua trinh
dong dat (earthquake histories) dugc dung de kich thich Ién mo6 hinh toan. Cac thanh
phan bién dang va ndi luc dugce tinh toan tai mdi budc thoi gian trong qua trinh phan tich
va dugc so sanh véi kha nang chiu lyc tinh theo FEMA 356 hay ATC-40.
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141 MO HINH CAC PHAN TU KHUNG BTCT
14.1.1 Gi6i thiéu

Xem xét cong trinh mau dudi diy theo trang 9-6 cua tai lieu ATC-40 ('). Mot trong
nhirng thir thach trong phan tich va thiét ké cong trinh moi hay kiém dinh cong trinh cii 1a
xay dung mot moé hinh toan cia cong trinh do.

" Structural Elements )
e frames
e walls

e diaphragms )

fl\lon-structural Elements

e elements that influence
structural behavior

e elements whose damage
affects performance

g
Foundation Elements
e soil components

e structural components
A A

Nhiing gi can thiét phai ké dén trong mo hinh toan ciia cong trinh mé ta & trén?

e Bt cir phan tir nao, chiu luc (structural element) hay khong chiu luc (non-
structural element), ma anh huéng dang ké dén tng xur cia cong trinh.

> Nhimg dai lugng ing x{r ndo phai xem xét? Chuyén vi, Gia toc, Noi lyc,...
e Nhimg phan tir méng (foundation element) nao phai xem xét?

Ngoai trir cac hé khung nha rat don gian, thong thuong viéc phan tich dua trén cac
chuong trinh may tinh chuyén dung nhu SAP2000. Mot s6 chuong trinh nay bao gom ca
SAP2000 c6 thé trinh dién tryc tiép Ung xu tai trong- chuyén vi phi tuyén (nonlinear load-
deformation behavior) cta cc thanh phan két cau riéng 16.

Phuong phap phén tich phi tuyén 13 ngoai pham vi trinh bay cta gido trinh nay - CIE 525
va khong dugc trinh bay trong ACI 318 (tiéu chuin nay duoc xay dung dua trén cic
phuong phap phan tich va thiét ké dan hoi truyén thong).

(1): ATC, Seismic Evaluation and Retrofit of Concrete Buildings, Report ATC-40, Applied
Technology Council, Redwood City, California, USA.
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Cac hé khung BTCT c6 thé bao gom cac khung dam-cot (beam- column frame), khung
san-cot (slab-column frames), hay t6 hop ca ‘hai. Khung san-cot c6 thé gdm cac dam chir
T (wide band beam), tAm panel cta san nam (drop panel), hé san 6 ludi (waffle-slab
system) vOi cac panel dac gitra cac cot, va cac mil cOt (column capital).

e Hé khung cta hinh v& trang trudc bao gdm cac dam liing bao quanh chu vi
(perimeter spandrel beam) va cac san phang bén trong.

» Tuy thudc vao cAu trc hinh hoc cua cong trinh, h¢ khung san-cot cé thé
cung hon hé khung dam-cat.

14.1.2 Hé khung dam-cdt (Beam-Column Frame)

Trong hé khung dam-c6t, do chiéu day san moéng (< 10 cm), nén thuong bo qua su tham
gia cua san. Myc dich md hinh hoa cac h¢ khung nay la nham xéac dinh d bén chiu luc,
d6 cimg va kha niang bién dang ctia dim, cot, mdi ndi, va cac thanh phan két cdu quan
trong khac. Cac khung thuong dugc xem nhu céc phan tir 2-D trong mot mo hinh 3-D.

Trong ATC-40 va céc tai liéu khac, cac khung dam-cot duoc dinh nghia nhu cac ph?m tr
cua cong trinh. Cac thanh phan ctua khung nhu dam, c6t, moi noi lam thanh cac phan tu.
Su két hop cac phan tir lam thanh cong trinh nhu hinh v& minh hoa dudi day:

» Column
* Beam
* Beam-Colurmn Joint

Dam va cot trong mot khung nén dwoc md hinh xét dén ca hai do cing chéng udn
(flexural rigidity = aEcAq ; a=0,5-1) va do cling chong cit (shear rigidity = G cAw) méc
dau do clng chéng cat c6 thé duoc bo qua trong nhiéu trudng hop tinh toan. Mdi ndi
dam-cot kiéu ngam ctng (rigid beam-column connection) thuong dugc gia thiét trong tinh
toan, ngoai trur cac truong hop m01 nbi khong du cu'ng dé cho phép ting cuong kha niang
chiu luc ctia cac thanh phan két ciu ngay tai mdi noi.

e Diéu nay c6 nghia gi?

e Thuodng ding cic phan tir dang dudng thang (line element) tuong g v6i do cling
(stiffness) tap trung tai cac duong truc cia chung.

e Phai mé hinh thé nao khi céc dudng truc dam va cot khong trang nhau ?

> Lam giam kha ning chiju tai va d6 ctng hiéu qua cua két cau
» MO hinh truc tiép su 1éch tAm
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Céc san (slab) nén duoc mé hinh nhu thé nao trong cac khung dim-c6t? Anh hudng san
nhu thé nao trong g xtr cua khung dam-cgt?

e San lam viéc nhu mang (diaphragm) ndi cac khung ké nhau tai cac ting san.

e San lam viéc phtrc hop nhu cénh trén dam (beam flange) chiu kéo/nén.

—
F1
F2
F1 %
- S
Diaphragm action of a slab Slab serving as a beam flange

Céc thong tin trinh bay trén day co thé dung dé mo hinh khung dam-cot trong phan tich
tuyén tinh (linear analysis). Ngay nay, cic phuong phap phan tich phi tuyén (nonlinear
analysis) dugc phat trién c6 thé xac dinh duoc Gng xir sau chay déo (post-yielding
response) cua cac thanh phan két ciu va cac khung BTCT.

Cac mo hinh dam, cot, mbi ndi trong phan tich phi tuyén phai mo ta dugc Ung xu cua
chung tir khong bién dang dén bién dang 16n nhat. Thong so6 cac gidi han vé cuong dg, do
cung va bién dang cua cac mo hinh nay duogc trinh bay sau (xem Phan 14.2).

Trong phan tich dan hoi tuyén tinh cia cac khung dam-cot, cac thanh phén két cAu duoc
mo hinh nhu cac phan tir duong thang noi gitra hai nit (node) tai cac moi noi khung-dam.

Trong phan tich phi tuyen co nhleu viéc phai lam hon. Phan 9.4.2.1.2 ciia ATC-40 )
cung cip cac thong tin bd sung vé cac viéc can lam trong phan tich phi tuyén. Cac mo
hinh phi tuyén theo 1y thuyét phai mé ta tat ca cac kiéu c6 thé ctia dap img khong dan hoi
(do udn, do cét, do ndi ghép, do tai doc truc). Phai xac dinh trudc tat ca cac vi tri khong
dan hoi kha di trong dim va cot va chuén bi trude cac md hinh thich hop.

Vi du xem dam chiu tai trong ding va ngang ¢ hinh v& sau ddy. Trong phan tich dan hoi
tuyén tinh , hai nat dién hinh tiéu biéu cho dam 1a: cic nut tai mdi dau dam. Trong phén
tich phi tuyen cac khop deo (vung ng xu khong dan hoi) c6 thé hinh thanh tai cac dau
dam hay tai noi ndo d6 trong nhip dam. Vi tri noi nao d6 phai dugc xac dinh va duoc bao
ham trong mo hinh toan.

(2): ATC, Seismic Evaluation and Retrofit of Concrete Buildings, Report ATC-40, Applied
Technology Council, Redwood City, California, USA.
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E G E
o 4 I G = Gravity load
(a) Beam span ' EEEEENEEREREN
and loading S —Beam fl E = Earthquake load
~= Column~" ==
E E Mp+ = Positive plastic
moment strength
JJp—
(b) Initial o-—=r = T---- Mp' = Negative plastic

assumption / s ‘N\\‘ moment strength
—— =

khép déo tai dau dam

trong phan tich dan hoi @ Marks assumed
. JJE— plastic hinge
(c) Revised — TSP location
plastic

hinging S }‘.E\_
khop déo tai noi nao do

trong phan tich phi tuyén

14.1.3 H¢ khung san-cot (Slab-Column Frame)

Trong h¢ khung san-ct, do chiéu day san 16n (> 15 cm), nén phéi xét dén su tham gia ctia
san. O gigo trinh nay (CIE 525), khung san-c6t dugc nhin manh hon so véi _khung dam-
cOt, nguyén do vi co rat it nha thiét ké chuyén nghiép hiéu biét thdu déo vé tng xir ndi
luc-bién dang cua hé khung san-cdt.

Thiét ké thuc hanh trong nhiéu nam qua, ¢ cac khu vuc ¢6 nguy co dong dét 16n, da bo
qua sy dong gop cua khung san-cot vao cuong do chiu tai ngang (lateral strength) va do
cung ngang (lateral stiffness) ciia toan bo h¢ thong khung chiu luc.

e Ly do dé an toan trong thiét ké dua trén noi luc (force-based design)?

Phuong phép thyc hanh nhu trén 1a khong thich hop cho thiét ké dya trén chuyén vi
(performance-based design) va cho kieém dinh dong dat (seismic evaluation) vi céac 1y do:

e (Céc khung san-cot c6 dong gép dang ké vao cuong do chiu luc va do cung

e Su hu hdéng cac khung san-cot phai dugc xem xét trong sy kiém dinh ing xir cia
cong trinh (performance evaluation).

Xét khung san-cot hai ting nhu trong hinh v& trang sau. Chia cit h¢ khung nay nhu thé
nao deé phan tich? B¢ cing san dong vai tro gi khong trong phan phoi luc gitra cac khung?

e San mém (flexible diaphragm): neu cac phan tir dimg (vertical element) c6 do
cing ngang 16n va cac phan tir nam ngang (horizontal element) 1a twong d6i mém
(san gd, kim loai, san BTCT duic san mong, hay nhip 16n), khong bat budc twong
thich chuyén vi (displacement compatibility), chuyén vi cac khung khéng phu
thudc nhau. Tai trong ngang duoc phan phdi theo bé rong hung tai cia mdi khung.

e San cing (rigid diaphragm): thuong xay ra ¢ truong hop h¢ san BTCT do tai cho,
bat budc co tuong thich chuyén vi gilta cac khung, chuyén vi cac khung anh
huong 13n nhau).
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(&) Complete building squals

L . +é E:+é y

(6] Parallel frames n nortih-south dirsction plus

-

+

=

fe) Parallel fraoses in sast-west direction

Néu'san Ia eling, cac khung san-cot c6 thé mé hinh nhu hinh v& duéi day (khung 1 +
Short Stiff + khung 2 + Short Stiff + khung 3 +...). M4t m6 hinh nhu vay ciling c6 thé
ap dung cho cac khung dam-cot:

- Short  Stiff Pin—Ended Links

Toan bo k
tai trong

ngang — \

~— ~—

Khung 1 Khung 2 ...
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Ba nhom phuong phap c6 thé chap nhian dé mé hinh cac khung san-cot dugc mé ta trong
so do dudi day:

e Mo hinh ddm tuwong duong (Equivalent beam width model): cot va san dugc mé ta
nhu cac phan ti khung (frame element) dugc noi cing véi nhau tai ntit khung.

e Mo hinh khung tuong duong (Equivalent frame model): cot va san dugc mo ta
nhu céc phan ti khung (frame element) dugc 10 so lién két (connection spring) noi
v6i1 nhau tai nat khung.

e M5 hinh phén tir hitu han (Finite element mode): c6t dwoc mé ta nhu cac phan tir
khung (frame element) va san nhu cac phan tir tam chiu udn (plate-bending
element), nhung phai chu y bi I¢ thudc vao bac tu do tai cac nut khung.

L -/
a
(a) Actual slab-column frame

—Column
~-Beam

(b) Effective beam width model
———Connection spring

( —Column
' -Beam

(c) Equivalent frame model

I
h
'\\' I
h
1) I
[
L
h
[+
h
h
)
h
[
NV
h
I
M1
b
I

Fa

}

(d) Finite element model

Nhiéu nghién ctru trude day vé do cimg hé khung-san tap trung vio tai trong ngang ¢ mirc
do hoat dong binh thuong (thuong la tai trong gid) ma chi tao ra cac ing xur dan hoi.
Nhiéu nghién ctru trude day cling bo qua anh hudng cua tai trong dirng 1€n d6 ciing ngang
cua hé san.
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142 PO CUNG CAC THANH PHAN CUA KHUNG NHA BTCT

Dé phat trién mot mo hinh toan (so do tinh toan), k¥ su thlet ke phai xac dinh d6 cung cua
cac thanh phan cua h¢ khung nha. Khi tinh dong dat, néu tiét dién cua cac thanh phan
BTCT khéng giam yéu (khdong nirf) = tinh d6 cimg EJ thién 16n va chu ky dao dong co
ban T thién nhé = gia trji luc ddy mong F,, thién 1én trong khi d6 chuyén vi ngang cac
tang san A thién nhé. ATC-40 cung cap mot chon lya cac gia tri vé do cung c6 xét dén
nit bé tong khi c6 dong dat cho cac thanh phan két cau trong phan tich dan hoi khung nha
nhu ¢ bang sau:

Tabile 8-3. Component Iitial stifFnesses

Component Flextiral Rigidity Shear Rigidity® Axial Rigidity
Beam, non-prestressed’ 0.5E-g 0LAEAw E-fg
Beam, prestressed’ Exlg DLAEAw E:Ag
Columns in compression 0.7E:g 0LAEAw E-fg
Columns in tension 0.5E-y 0LAEAw Ecfls
Walls, uncracked 0.8E-ig 0.AE-Aw E-flg
Walls, cracked 0.5E-ig 0.AEAw Ecfla
Flat slabs, non-prestressed See discussion DAEAw E:fg
Flat slabs, prestressed in section 9.5.3 0.AEAw E:fa

. _______________________________________________________________________________________]
1 Ip for T-beams may be taken twice the J; of the web alone, or may be based on the effective section a:
defined in Section 0.5.4.2.

: For shear stiffness, the quantity 0.4E: has been used to represent the shear modulus, G.

: For shear-dominated components, see the discussion and commentary in Section 9.5.3.

Vi du: Xét dim chit T khong Gmg sudt trudc c6 kich thude nhu hinh vé duéi day:

; h
H,
— - 1 mm m] =m = —NA
H,
......... e — e — — . h2
b,
<+—>

- Do cling chong udn (flexural rigidity) = 0.5E I #05E.(2x1y) = Ec(biz2 )
- Do cing chong cit (shear rigidity) = 0.4E A, = 0.4E_(byh,)

- b6 cung doc truc (axial rigidity) =E Ay = E.(bjhy +bshj)

Khi d6 cting d3 x4c dinh xong, mé hinh hé khung BTCT dugc xy dung nhu thé nao?

e Theo kich thudc truc cac thanh phan?
e (Cac diém dau cac phan tir (zero-end offsets) bat dau tai cac moi néi1 dam(san)-cot ?
e Dung mo hinh 2D hay m6 hinh 3D?
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143 THUC HANH PHAN TiCH & THIET KE CHONG PONG PAT

> Céc tiéu chuan thiét ké chong dong dat
hién hanh cua My:
- Uniform Building Code (UBC 1997)
- International Building Code (IBC 2003)
- Tiéu chuan ASCE 7-02
- Tiéu chuén bé tong ACI 318-05

» Cac pha hoai chu yéu do tac dong cua luc
dong dat 1én h¢ khung BTCT:

- Pha hoai nut khung dam-cot.

- Pha hoai nén v& bé tong trong cot (do bé
tong chong né ngang kém - badly confined)

- Pha hoai cit trong cot.

- Pha hoai do yéu lién két neo cua cot thép
chiu uon trong dam va cdt.

> Nhimg van dé quan trong khi thiét ké két
cau khung BTCT chong dong dat:

1. Tét ca cac r)han to khung (cot, darn nut)
phai dugc thiét ké va cau tao cdt thép
sao cho chung c6 thé khang chén theo
kiéu tng xtr déo. Phan tir ndo khong thé
mg xtr déo thi phai thiét ké sao cho van
g xir dan hoi khi c6 dong dat xay ra.

2. Phai tranh cac kiéu phéa hoai khong déo
nhu pha hoai cét (shear failure) hay pha
hoai do yéu lién két neo (bond failure).
Do d6 cac mbi ndi va lién két neo thép
khong dugc bb tri ¢ nhitng vung bé tong
cb tng suat cao, dong thoi can cung cap
cuong do khang cit cao cho cac phan tir
khung BTCT chdng dong dat nghia la
phai ting cuong thép dai chdng cit.

3. Cac phan tor cing (rigid element) phai
dugc no6i voi he khung BTCT theo kleu
mdi ndi déo (ductile fixing) hay mdi ndi
linh dong (flexible fixing).

> Tiéu chudn thiét ké chong dong dat

hién hanh cua chau Au: Eurocode 8
(Design of structures for earthquake
resistance).

> Tiéu chudn thiét ké chong dong dat

cua Yié‘g nam: TCXDVN 375—2006
(Thiét ke cong trinh chiu dong dat).

Seismic Codes and Source Documents

-

International Building Code

IBC 2000, 2003

e— e International Code
X - @ Council (ICC),

jnternalio established in 1994
Building « Seismic provisions
Code’ — ASCE 7-02

v » Modeling

rEH « Forces
i - Material codes
« ACl, ASCE

« IBC 2003 (ASCE 7-02,
ACI 318-02)

Material Codes
International Building Code

MARUAL
OF STEEL
CONSTRUCTION.

LOAD &
RESISTANCE

4. Nén thiét ké va ciu tao hé khung BTCT c6 béc siéu tinh cao dé c6 cang nhiéu khop
déo hap thu nang luong dong dat cang tot trudc khi mot co cau phd huy (failure
mechanism) cua h¢ khung xay ra.
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14.3.1 Nguyén tic tinh toan ciia phwong phap tuyén tinh tinh (LSP) theo UBC-94

Céc budc chinh phan tich dong dit khung nha BTCT theo phuong phap tuyén tinh tinh
UBC-94 (Uniform Building Code phat trién bdi Structural Engineers Association of
California - SEAOC) dugc li¢t ké nhu sau:

1. Dung phuong phap tinh tay, thiét 14p cac kich thudc so bd ciia dam va cot; tinh toan
tai trong dirng W; (tinh tai + hoat tai) tdc dung tai cac tang san.

2. Phat trién mot mo hinh tinh todn cua khung nha str dung cac kich thudc & buée 1.

3. Phan tich mé hinh bwéc 2 dé tim cac tin sb riéng va cac mode dao dong riéng, cod thé
tinh dao dong riéng theo phuong phap PTHH hay cong thic kinh nghiém (14-3).

3 7 e
E,, 2
2
o
=]
3
J* O T s o 77!
Displacement
mode 1 mode 2 mode 3

4. Tinh luc cit ddy mong thiét ké (V.. bang cach dung chu ky riéng thir nhét (T) tinh
duoc tr bwdce 3 nhu sau:

ZIC
Vbase :TW (14-1)

Trong do:

n
W - toan bd tai trong dimg tac dung Ién cong trinh: W = XW;
i=1
7 - hé sb khu vuc dong dét cta My:

Ving PPt khu vuc 1 khu vuc 2 khu vuc 3 khu vuc 4
Tinh chat bb yéu b vira DD manh DD rat manh
Hés6 DD Z= 0.075 0.15 > 0.2 0.3 0.4

I - hé s6 cong trinh: I = 1,0 (binh thudng) — I = 1,25 (quan trong)

. . . 1.25
C - hé s6 van toc dong dat: C= 2—/38 <2.75 (14-2)
T

S -hé sb phu thudc loai dat nén cong trinh:

S=1,0(méndd) >S=12—>S=1,5—>S=2,0 (nén sét mém).
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T - chu ky riéng thit nhat ctia dao dong cong trinh: T =C,H>'* (14-3)

C; = 0,03 (hé khung BTCT thong thuong); C; = 0,02 (h¢ khung c6 vach BTCT)

N N\ n 1 M
H - chiéu cao cong trinh (tinh bang feet): H= Xh; (h;- chiéu cao tang thir i)
i=l1

R - hé s giam cuong dd luc cit day mong:

Phan loai hé khung chiu lwc BTCT Ving dong dat R
1. Khung BTCT thong thuong (OMRF) | ving 1 (PD yéu') 3,0
2. Khung BTCT déo vira (IMRF) ving 2 (DD vira®) 5,0
3. Khung BTCT déo cao (SMRF) ving 3-4 (DD manh ) 8,0

Theo FEMA 356, néu ph6 dan hoi (phan 13.3.3 chuong 13) thoa man ca hai diéu kién:
D' S(T =Tg)<0,167g va S.(T =1s)<0,067g = dong dit yéu

@0,167g < S(T =Tg) <0,5g va 0,067g <S.(T =1s) <0,2g = dong dit vira

@ S(T=Tg)>0,5g va S(T =1s)>0,2g = dong dit manh

GHI CHU

Moment frame (MF) - Khung chiu mémen+luc doc+lyc cit, duge phan
lam 3 loai:

Ordinary moment reinforced frame (OMRF) - Khung BTCT thong
thwong dtc san hay do tai ch(:), throé man ACI 318 tur Chuong 1 dén 18,
ap dung thich hop cho dgng dat yéu (vung 1).

Intermediate moment reinforced frame (IMRF) - Khung BTCT déo
vira 06 tai cho, thoa man tor Chuong 1 dén Chuqng 18, va cac diéu khoan
21.2.2.3 va 21.12, ap dung thich hop cho dong dat vira (ving 2).

Special moment reinforced frame (SMRF) - Khung BTCT déo cao thoa
man tr Chuong 1 dén Chuong 18 cua ACI 318, thém cac diéu khoan tir
21.1 dén 21.5 néu do tai cho; hodc thém cac diéu khoan tir 21.1 dén 21.6
néu duc san, ap dung thich hop cho dong dit manh (ving 3-4).
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5. Phan phdi luc cit ddy mong trén toan bd chiéu cao nha theo so dd sau day:

Ft F4

>
T
F3 S A
T
tangtht2  Fa Lol L1 u
i
N NN

h;
n
Vbase =Fi + 2 (14-4)
1=
Trong do:
0.07TV; <0.25V, khi T>0.7s
F¢ - luc tap trung tai dinh: F; = base base , (14-5)
0 khi T<0.7s
N © A ro. (Vbase _Ft)wzl
F; - luc tap trung tai tang thir i: E = " (14-6)
2 Wz,
j=1

Z;, Zj- cao d¢ tinh tir mdt dat dén tang thir i, j

Wi, W; - tai trong ding cua tang thi i, j
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6. Xac lap cac to hop tai trong trong khung nha gdm cac tai trong ngang F; va cac tai
trong ding Wi (gé qhén‘hé sO tai trong), tinh ndi l,u:c ,thiét ké (M, Q, N) trong tat ca
cac thanh phan két cau bang phuong phap co hoc két cau (dung SAP2000, FEAP,...).

Vi du theo ACI 318-05, can xét bay to hop tii trong sau day:

U=14(D+F) (9-1) \

U - tai trong tinh toan (c6 HS vuot tai)

U=12(D+F+T)+16(L + H) (9-2) D - tinh tai
L - hoat tai
+08(LorSor A F - tai trong do chét 1ong bé chira
U=1.2D+16(L,or SorR)+(1.0Lor0.8W) (¢3) | T - taitrongdonhictdo, congot...

> H - 4p lyc ngang ctia dat, nudc ngdm
U=120+1.6W+1.0L+05(L ot SorR)  (9-4) L, - hoat tai mai

S - hoat tai tuyét roi

U=120+1.0E+10L+02S (95)

R - hoat tai nudc mua
U=09D+16W+16H (9-6) W - hoat tai gi6

U=09D+1.0E + 1.6H 7 | - taitrongdong dat
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7. Kiém tra do troi dat (drift), Ay , do chuyén vi max khong dan hoi, Dy , trong khung,
tinh Dy bang cach nhan cac chuyén vi dan hoi (elastic displacement), Dy , voi hé sd
khuyéch dai chuyén vi (displacement amplification factor), Cq =

AM = Oa7R(Ds,i - Ds,ifl) < {

0,025h,
0,020h,

khi
khi

T<0,7s
T>0,7s

0,7R :

(14-7)

Néu khung qua “mém” khong thod (14-7), chon lai kich thudc khung va lap lai tir bwére 2.

8. Dung ndi luc trong budc 6, thiét ké bd tri thép cac thanh phﬁn dam, cot theo ACI 318.

Ghi chu:

Phuwong phap tuyén tinh tinh theo UBC-94 c6 thé 4p dung cho hé khung BTCT va hé
khung/vach BTCT ¢ khu vuc dong dat yéu — vira (ving 1-2 theo tiéu chuan My) cho

céc cong trinh co chiéu cao trung binh (H < 70m).
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14.3.2 Vi du tinh todn theo phwong phap tuyén tinh tinh (LSP) theo UBC-94

Phan ph01 luc cit day mong do dong dat 1én toan bo chiéu cao H = 14.4 m cua khung ngang cong
trinh (4 ting, 2 nhip), gia thuyét dong dit yéu (Z = 0.075), hé sé dat nén S = 2.0 (nén sét mém).

5 kN/m”
L] N B A RN
3.6 m
3.6 m
\ 30 m
3.6 m
3.6 m
[ ]

15 m 15 m

Tai trong dung (tinh tai + hoat tai) tac dung trén mdi tang san:
Wi = 15m x 30m x 5 kN/m* = 2250 kN (i=1..4)
Tong tai trong dung tac dung 1én cong trinh: W = ZW 4x2250 =9000 kN
i=l1
ZIC

Cong thirc tinh Iyc cat ddy mong theo tiéu chuan UBC-94: Vi, = ?W
Trong d6 chon:
Z=0.075 (ving dong dit yéu)
I=1.0 (cong trinh khong quan trong)
R=3.0 (khung BTCT thong thuong)
3/4
14.4
T=CH>* =0.03x ( j =0.55s
0.3
1.25 1.25
C= S= x2.0=3.72>2.75 - chon: C = 2.75

T2/3 (0.55)2/3

0.075x1.0%2.75
= Ve = X3 ; 21249000 = 620 kN
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. . . 4
Phén phoi luc cat day méng trén toan bo chiéu cao khung nha: Vi, =F + XK
i=1

Trong do:
Fi - luc tap trung tai dinh: F; =0 (do T=0.55s5<0,7 s)

3 Vi —F )W H:
Fi - Iyc tap trung tai tang thi i: f, = Vbase = F)WiH;

4
Z WijH;
j=1

(620—0)x 2250% 3.6
-~ F= — 62 kN
2250x(3.6+7.2+10.8+14.4)

(620—0)x2250% 7.2

= ) = = 124 kN
2250% (3.6 +7.2+10.8+14.4)
(620—0)x 2250x 10.8
= 3 = = 186 kN
2250x (3.6 +7.2+10.8+14.4)
(620—0)x 2250x14.4
= = 248 kN

4 0050x(3.647.2+10.8+14.4)

248 kN

3.6 m
186 kN

3.6 m
124 kN

3.6 m
62 kN

3.6 m
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14.3.3 Nguyén tic tinh toan ciia phwong phap lwc ngang twong dwong (TCXDVN 356-2006)

Céc budc chinh phan tich dong dit khung nha BTCT theo phuong phép tinh luc ngang
tuong duong (TCXDVN 356-2006) dugc liét ké nhu sau:

1. Dung phuong phap tinh tay, thiét 1ap cac kich thudc so bd ciia dam va cot; tinh cac
tai trong dirng m; (tinh tai+hoat tai) tai cac tang san (xem phan 13.5.1 ctia chuong 13):

m; =G, ; +y;;Qy; (14-8)

2. Phat trién mot mo hinh tinh todn cua khung nha str dung cac kich thude & buée 1.

3. Phén tich m6 hinh bwée 2 dé tim céc tan sb riéng va cac mode dao dong riéng, c6 thé
tinh dao dong riéng theo phuong phap PTHH hay cong thurc kinh nghi¢m (14-3).

>[5 753’2 37
= > S2.1 $2.3
& $2,2
‘o
i
Py
o S1.1
i | S1.2 S1.3
J* 07 CErTa s o 77,
Displacement
mode 1 mode 2 mode 3

4. Tham khao ph‘ﬁn 13.5.1 cua chuong 13 trong gido trinh nay dé tinh luc cat ddy mong
thiét ké (F,) bang cach dung chu ky riéng thir nhat (T) tinh dugc tir bwée 3 nhu sau:

F, =S,(T,,&)MA (14-9)

trong do:

Sa (Ty, &) Tung dd ciia pho thiét ké tai chu ky T;

T; Chuky dao dong co ban do chuyén dong ngang theo phuong dang xét;

A Heé sb hiéu chinh; A = 0,85 néu T, < 2T v&inha > 2 tang; A = 1,0 véi TH khac.

M Téng tai trong dimg tac dung 1én cong trinh: M = Zmi
i=1

5. Phan phdi luc cit ddy moéng trén toan bd chiéu cao nha (theo 13.5.1 cua chuong 13):

]‘:i = nS]m] XFb (14-10) hay E =nliXFb (14_11)
Zsjmj Z Zm,
j:1 j:1
trong do: ‘
F; Luc ngang tac dung tai tang thir i

Si, Sj Chuyén vi cta cac khéi lugng m; , m; trong dang dao dong co ban (mode 1)
Z;,7; Cao d¢ tinh tir mat dat dén tang thir 1, j
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chuyén vi mode

si(Zi)

tang thir 2

7,

F4

F3

F,

F1

Bai giang: PhD Ho Hiru Chinh

hy

h;

h,

Tham khao: A. Whittaker + J.W. Wallace

6. Thiét 1ap cac to hop tai trong dac biét trong khung nha, bao gdm céc tai trong ngang

do dong dat F; va cac t6 hop kha di cua tai trong dimg M , de;‘tinh téan cac ndi luc
thiét ké (M, Q, N) trong tat ca cac thanh phan két cau khung bang cac phuong phap

co hoc két cau thong thuong (SAP2000, FEAP.,...).

Vi du theo TCXDVN 375-2006, can xét to hop dic biét sau day:

THDB=Y'F +>'M,

i=1 j=1

F; - luyc ngang phan theo tang thir i do tac dong cua dong dat

M; - tai trong dtng phan theo ting thi j, tinh bang:

M, = Gk,j + \Vz,ij,j

Gy, Qy, - tinh tai va hoat tai tinh toan cua tﬁng thtr j

(14-12)

(14-13)

Y- he sO t6 hop tai trong ddi voi hoat tai ting thir j (tham khao 13.5.1, chuong 13)

7. Dung ndi luc (M, Q, N) tinh trong by’()'c 6, thiét ké va bd tri cbt thép (tuy thudc vao
gia tri q da st dung) céc thanh phan dam, cdt theo TCXDVN 375-2006.
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144 THIET KE & BO TRi COT THEP DAM KHUNG BTCT (ACI 318-05)

Phan nay gi6i han cho thiét ké va bd tri thép dam chir nhat ctia hé khung BTCT db tai chd
theo tiéu chuan ACI 318-05 thoa man cac di€u kién sau:

- Chi ap dung cho dam cua khung BTCT thong thudng (OMREF) hay déo vira (IMRF)
- Khéng ap dung cho ddm ctia khung BTCT déo cao (SMRF)

DAM THONG THUONG (OMRF)

DAM DEO VUA (IMRF)

Khong yéu cau vé luc doc tinh toan

Tong
quat

trong dam thong thuong

Yéu cau luc doc tinh toan trong dam

déovua: P, <A . /10 (21.12.2)

Ham luong thép doc chiu kéo tdi thiéu: tudn thu diéu khoan 10.5

3yt 200
sanin = bud i Agmin > byd (10.5.1)
y y
, A ) o 0,003 Compression
Bién dang kéo g tuan thu diéu khoan 10.3.5 f
- g¢ thép doc ngoai cung khi tinh M, : &, > 0.004 ’
d, R
- €cu b€ tong ngoai cung khi tinh M, : €, =0.003
S o La
=
= A AR A1k A
%- Yéu cau tong thé két cau: :
%‘n - tuén thﬁ dléu khOél’l 7-13 Transverse Beams
s , ) , support Joists H
: - t01 thi€u c¢6 mot thanh cot { £ \
< thép lién tuc noi vao cac /
= gél (3' mét d‘ém Chiu Single Bar with +A5 Slngle Bar Continuous, +‘\
R n : “r Standard Hook or Class A Splice, or Mechanical
131 momen du‘o'ng (M n) anchored to develop f, or Welded Splice
8 \ \ \
- - ddm thong thuong khong yéu cau ‘ - ddm déo vira tuan thu 21.12.4.1

(A; orAf)z

3T byd

]
\ 200b,,d

| G
7Mn,r

My, > 3

1.1

(M: or MH)Zé(maX M, at either joint)
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DAM THONG THUONG (OMRF)

DAM DEO VUA (IMRF)

héng cit

€u cau thép ¢

A

Y

- ddm thong thuong chi yéu cau:
(Vy -0V, )g4¢\/gbwd = §<(d/2;24in.)

(Vy -0V, )>4¢\/gbwd = s<(d/4;12in.)

- dam déo vira tuan tha 21.12.4.2
s < (d/4 5 8dpmingong. bar) 5 24dp(hoop bar) 5 12 in.)
loai A, B, C bd tri trong vung 2h tur géi tua

- dam déo vira tuan tha 21.12.4.3

s < (d/2 ; 24 in.) trong cac vung con lai

di4 Cross-lie
. 8d, (long. bar) 6y (231n)
= | 24d (hoop bar) extension, Detail B ex{:ension
12in.
Hoops N E
J/fJ
= = Detail A Detail C B
4\_.» 2 &
| [ —C
| o
[
\"\S'-_':dl"z Single- and Two-Piece Hoops
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- dam thong thuong chi can tuan tha | - ngoai ra dam déo vira tuan thil thém diéu
di€u khoan 11.5 d¢€ chong cat, va diéu | 21.12.3 dé chong luc cat (V) do tai trong
khodn 11.6 dé chéng xofn. dong dit: VRSOV

Vi - luc cét 1on nhat trong dam tinh tir cac l

e | hop'tai trong cua ACI 318-05:
ffffffffffffff 1% U=1.4(D +F) (9-1)
fn

| U=1.2(D+F+T)+16(L +H) (9-2)

+0.5(L.or SorR)
w, = 12D + 1.0L + 0.28

HHllHﬁM_A/

U=1.2D+1.6(L,or SorR) + (1.0L or 0.8W) (9-3)

,v;,n,({

h ! U=12D+1.6W+1.0L +0.5(L,or SorR)  (9-4)
%4 v,
— e U=12D+ 2F +1.0L+0.2S (9-5)
‘ HWT’\I U=09D+16W+1.6H (9-6)
=3 0 U=09D+ 2F +1.6H (9-7)

Vy=Ve + ‘5 n
V. = max) Mal + My My +My Vw2 - lyc cét 16n nhit trong dim tinh theo
) ’ cong thirc: NSNS
voi: Vo=My, + M,,) /1, > max
Vi du ddm chit nhét ¢t don chiu kéo: Ké: _ Wu i 1;3 : (l)gi I g;: néu II: i 188 ps£
Mo = Agfy(d-a)/2) ; My, = Agfy(d-a,/2) |0 "o o o e e R 2 RS
= Ayf, /(0.85Fb) ; a, = Ayf = thép dai chiu cat (A,) , budc dai (s) :
slty . c > dr sr

/(0.856 .b) T = S<A,Vyd

11'1 lll

(¢=0.75)

Ay - thép gbi trai chiu mémen Am (dwong)
A - thép gbi phai chiu mémen dwong (dm)
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145 THIET KE & BO TRi COT THEP CQT KHUNG BTCT (ACI 318-05)
Phan nay gi61 han cho thiét ké va bd tri thép cdt chir nhét cua hé khung BTCT d6 tai chd
theo tiéu chuan ACI 318-05 théa man cac diéu kién sau:
- Chi &p dung cho cot cia khung BTCT thong thuong (OMRF) hay déo vira (IMRF)
- Khéng 4p dung cho cft ciia khung BTCT déo cao (SMRF)

COT THONG THUONG (OMRF) COT DEO VUA (IMRF)

Khoéng yéu cau vé luc doc tinh toan Yéu cau luc doc tinh todn trong cot

Tong
quat

trong cOt thong thuong déo vura: P, > A,/ 10 (21.12.2)

“Q Ham luong thép (p,) phai thoa man diéu kién (10.9)
5
= 0.0l <py=Ax/A;<0.08
- Thép dai kin (dpp) phai thod man (11.1) 4 >
bh =
OVa=9¢(Ve+ Vo) 2V,
- Khoang céch thép doc (dp) trong cot thdéa man X <6
diéu kién (7.10.5.3): x <6 in.
, . , ~ A \ 16db’(lon —bar) y;
Budc dai (s) cua cot thong thuong g min
48d bar
phai thoa (7.10.5) va (11.5.5) s < b,(hoop ~bar)
S5 > min(hy,hy)
w n
\«E Budc dai (s) @ ngoai ving 1, cua 24
2 cot déo vira phai thoa man cac ‘
[
b diéu khoan (7.10.5) va (11.5.5) 1, [
)
£ |
,<§ Budc dai (s,) ¢ trong vung 1, pa " budc dai S,
<§ (hai dau cot) cua cot déo vira s

/p ) Nl T
tiét dién chir nhat (h;xh,) phai R Ly
thoa man diéu khoan (21.12.5.2) | $

L,

S budce dai §

8db’(long —bar ) nin |

V]

24 db,(hoop —bar)

So < 1 max(hl,hz)
—min(hl,hz) 1
2 l,>24=-L,
12" 6
18"
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COT THONG THUONG (OMRF)

COT DEO VUA (IMRF)

dai chéng ciit (cont)

éu cau thép

A

Y

Cot thong thuong tuan thi cac diéu
11.5.4 va 11.5.6 chong luc cat (V)

= [%=W/0-V)

Thép dai chiu cit (A,) , budc dai (s):

(¢ =0.75)

A f.d
0< Vs <4 > g=_1Y Smin(g;24")
f' by, d Vs 2
A f.d
4B g > s:%smn(g;lz")
f'.b,d Vs 4
| i
ST T

Cot déo vira tuan thi diéu 21.12.3 dé
chéng lyc cit (V) do tai trong dong dat:

V1 - lyc cit 16n nhit trong cot duge tinh boi

cac [0'hop tai trong cua ACI 318-05:

U=14(D +F) (9-1)
U=12(D+ F+T) + 1.6(L + H) (9-2)
+0.5(L.or Sor R)

U=1.2D+1.6(L,or S or R) + (1.0L or 0.8W) (9-3)

U=12D+1.6W+10L+05(L,orSorRA) (9-4)

U=12D0+ 2E +1.0L+02S8 (9-5)
U=09D+1.6W+16H (9-6)
U=09D+ 2E +16H (9-7)

Vw2 - lyc cit 16n nhat trong cot tinh theo cong
thire:

M, - cuong do mémen 16n nhét mit trén cot
dya theo vung tac dung cua cac lyc doc truc
(Py) do cac t6 hop tai trong gay ra.

M, - cuong d6 mdémen 16n nhat mat dudi cot
dua theo vung tac dung cua cac luc doc truc
(P,) do cac t6 hop tai trong gay ra.

= thép dai chiu cit (A,) , budc dai (s) :

Vo =(Vu /9~ Vo) <8Fcbyd = ssAj,fyd

S

(4=0.75)
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The ends of stirrups
are bent at 135°.
Such stirrups do not
open during strong
earthquake shaking.
Preferred- | >3in.
135° hooks in Horizontal '2 6 times
adjacent Spacing diameter of
stirrups on shimup
. Closed Ties 1
Egéf?:“:a?na;?e r steel Smaller diameter steel bars
that are made into closed
bars that go through loops and are placed at
the full height of the

requiar intervals along the
C full height of the column
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14.6 UNG XU CUA NUT KHUNG BTCT

Beam-Column Joint
I Overlap volume
caommao fo beams
and coltmns

|

: -5

“ No seismic “**

seismic shear force

% /

-

---

—-—)
N. Comp.ressmn
| Gripping of
[ bar inside
f e HiSJOn
=

- e

(a) Loss of arip on beam bars (b) Distortion of joint:

in joint region: causes diagonal
Large column width and good cracking and crushing
concrete help in holding the of concrete

beam bars

Figure 2: Pull-push forces on joints cause two
problems — these result in ireparable damage in
Joints under strong seismic shaking.

Bai giang: PhD Ho Hiru Chinh
Tham khao: A. Whittaker + J.W. Wallace

Beam-Column Joint
Overlap valume
common o beams

amnd columns
|

=

—Closed ties

\ 6db > 3 1mn.

135"1 F %

LN

Figure 3: Closed loop steel ties in beam-column
joints — such ties with 1357 hooks resist the ill
effects of distortion of joints.
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Chuong 15: PHAN TiCH & THIET KE VACH CUNG BTCT
CHONG DONG DAT

151 VACH CHIU LUC (VACH CUNG)
15.1.1 Khai quat

Dil}h nghia: vach BTCT la cAu k‘ién kiéu “san d}'rng”,7 chi ‘chiu c@c Iuc t‘éc dung trong mat
phang vach (in-plane loads), chiéu rong vach toi thi€u bang 6 lan chiéu day (Ly = 6ty)
va 1/3 lan chiéu cao (Ly > Hy/3).

Vich cirng thuong duoc dung dé chong luc ngang trong cong trinh nha cao tang BTCT.
Tén khong chinh xac: vach chiu cit: (Shear walls) vi c6 thé dan dén cac 1am 13n nhu sau:
= Kiéu ph4 hoai chinh 13 pha hoai cat !!!
» Cuong d6 chiu lyc vach 1a cuong do chéng cat !
= Thiét ké vach dau tién kiém tra kha nang chéng cat !!!
=  Phan phdi luc c6 thé dua trén d6 cing tuong doi !!!

= Tén chinh xdc nén la vach chiu lwe (Structural walls).

1|
JIN. 1 (mm
1l ks IR

I

[]

i1 10
a)- Véach cimg dang phang b)- Véach cung dang hop

Nén tranh bb tri vach cing bat thuong (irregularity) ca theo chidu cao cong trinh va mat
bang nham tranh tic dong xodn 16n 18n tong thé céng trinh nhu cac vi du dudi day:

a)- Cong trinh dang khong déu theo phwong dung (vertical irregularity)
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] .

] O 1

b)- Cong trinh dang khong déu theo mat bang: phuong an thiét ké khong tot

O] | O

I ] I O -

¢)- Cong trinh dang déu theo mit bang: phuong an thiét ké tot

15.1.2 Phan loai vach cirng theo chiéu cao
Véach cung thuong dugc phan loai theo kich thudc hinh hoc nhu sau:

a. Vach cao - Flexural walls ( Hy/L,, > 2: thiét ké chéng udn 14 wu tién do ty s6 M/V
16m)

b. Vach thap - Squat walls (0,33 < H,/L,, < 1-2: thiét ké chong cit 14 wu tién do M/V
nho)

c. Vach déi c6 dam ndi - Coupled walls

d. Vach khoét 16 - Punched walls
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]

a)- Vach cao b)- Vach thap ¢)- Vach doi d)- Véach khoét 16

15.1.3 Phan loai vach cirng theo cong niang

Véch cting cling dugc phan loai theo vi tri va cong nang trong cong trinh. Ba chirc nang thong
dung cua vach cing BTCT la:

a. Hé két ciu vach chju luc
phuong dung - Bearing

walls: vach chiu gan nhu )\5 —
toan b tdi trong dung.

Thuong gap trong cong trinh
nha & vi vach dugc st dung

nhu céc tuong ngin cac can
ho. ——

AN

b. Hé két ciu khung - giang = = = = &
(h¢ khung + vach cung) -
Frame walls, dual system:
vach cing chi yéu chiu tai
trong ngang va mot phan tai
trong ding, hé khung chiu
phan 16n tai trong dimg.

c. Hé két ciu 15i cung - Core . E ] )
walls: vach cing bao quanh s = .
hé théng thang may van
chuyén dung.

n = -

15.1.4 Ung xir h¢ khung-giing (Frame-Wall Interaction)
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VACH KHUNG KHUNG + VACH

——t—

——

——

Bién
dang

e
—
-
.

- uon
-
ol
——

-

—_

—
—

—
——
——
—
——
—

1.0 =

£ B

> T
-~ =)

= !

/
——'Paints of
cantraflesure

Tk

a)- Chuyén vi ngang b)- Mémen udn ’ ¢)- Luc cat

Bién dang khung
- Bién dang cit chiém uu thé.
- Kha nang chiu tai ngang la do d6 cing cac nut khung.

Bién dang vach cung

- Co ban 1a bién dang udn.

- Bién dang cit hau nhu khong dang ké.

- Chi ¢6 ¢ truong hop vach rét thap (0,33 < H,,/L,, < 1) thi kiéu pha huy 1 bién dang
cat.

- Vach ung xur nhu mot cong x6n dai (slender cantilever)

Céc nhan xét then chét
> Nhin chung vach cimg trong hé két ciu nha cao tang chiu chi yéu bi bién dang uén

> Céc gia thuyét bo qua su chiu tai trong ngang ctia khung c6 thé dan dén két qua sai sot 16n

> Hé két cau lién hop khung + véach (khung giang) din dén phuong an thiét ké kinh té hon
> Viach cing nén duoc thiét ké vach ctimg chdng ca luc doc + Iuc gy udn + luc cit

> S0 d6 bd tri mat bang cac vach clmg 1a rat quan trong ca cho cac tai trong dung va ngang
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Két luan !

Hé khung - giang (frame wall) nhu
hinh bén la h¢ chiu luc hiéu qua va
dugc wa thich trong thiét ké cong trinh
chéng dong dit & My va Nhat vi no
cung cdp mot mirc do siéu tinh cao.
Mot uu diém cua hé khung-giang 1a
vach cimg dung dé ngin can dang
“dam yéu” hinh thanh trong khung
BTCT, diéu nay co nghia la Vé mat 1y
thuyét co thé néi long yéu cau khung
BTCT la “cot ctng-dam yéu” (xem

Foundation [

hinh a bén dudi), do d6 nguoi ky su
thiét ke c6 thé tu do hon dé Iua chon

kich thuéc dam va cot.
= e,
H¢ khung- glang dugc su dung phd displacement

bién trong nha thap ting va nha cao alpee
trung binh (H < 75m) c6 véch cling bd amage
tri & trung tam (core wall). Vach cao distributed
BTCT (Hy/Ly, > 2) thiét ké déo vira c6 e
thé tao thanh khép déo udn tai day

mong voi tng xir déo gan bang hé
khung BTCT thiét ké déo cao.

Weak Beams
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dizplacement
at collapse

All damage
in one
storey

a) Strong Columns, (b) Weak Columns, X
Strong Beams
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15.2 TINH TOAN LUC PONG PAT CHO VACH CUNG

15.2.1 Nguyén tic tinh toan ciia phwong phap tuyén tinh tinh theo UBC-94

Phuong phép tuyén tinh tinh theo UBC-94 c6 thé 4p dung cho hé khung BTCT va hé
khung/vach BTCT ¢ khu vuc dong dit yéu — vira (tuvong ty ving 1-2 theo tiéu chuan
MY) cho cac cong trinh c6 chiéu cao H < 70m.

Céc budc chinh tinh dong dat cua vach cing BTCT theo phuong phap tuyén tinh tinh
UBC-94 tuong tu nhu tinh khung BTCT ¢ phan 14.3.1 (chwong 14) dugc liét ké nhu sau:

1. Dung phuong phép tinh tay, phat trién cac kich thudc so b ctia dim, cdt, vach cung;
tinh toan tdi trong ding W; (tinh tai + hoat tai) tdc dung tai cac tang san.

2. Phat trién mo hinh tinh todn ctia khung + vach nha véi cac kich thudc so bd & bwée 1.

3. Phan tich mé hinh bwéc 2 dé tim cac tin sb riéng va cac mode dao dong riéng, cod thé
tinh dao dong riéng theo phuong phap PTHH hay cong thuc kinh nghiém (15-3).

4. Tinh luc cit day méng thiét ké (V) bang cach dung chu ky riéng thi nhat (T) tinh
duoc tir bwdc 3 nhu sau:

Z1C
Vbase:TW (15-1)

Trong do:

n
W - toan bd tai trong ding tac dung 1én cong trinh: W= XW,;
i=l
Z - hé sb khu vuc dong dit cua My:

Vung b .Pit khu vuc 1 khu vuc 2 khu vuc 3 khu vuc 4
Tinh chit bb yéu DD vira DD manh | PP rit manh
HésO6 DD Z= 0.075 0.15—> 0.2 0.3 0.4

Theo FEMA 356, néu phd dan hoi (phan 13.3.3 chuong 13) thoa man ca hai diéu kién:
'S (T =Tg)<0,167g va S.(T =1s)<0,067g = dong dét yéu
@0,167g < S(T =Tg) < 0,5g va 0,067g <S.(T =1s) <0,2g = dong dat vira
@' S(T =Tg)>0,5g va S (T =1s)>0,2g = dong dat manh

I - hé s6 cong trinh: I = 1,0 (binh thuong) — I = 1,25 (quan trong)

. . . 1.25
C - hé s6 van toc dong dat: C= WS <2.75 (15-2)
T

S - hé sb phu thudc loai dat nén cong trinh:

S=1,0(méndd) > S=1,2—>S=1,5—>S=2,0 (nén sét mém).
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T - chu ky riéng thir nhat cua dao dong cong trinh tinh bai (15-3a) hay (15-3b):

(15-3a)

C,=0,03 (hé khung BTCT); C, = 0,02 (hé khung/vach BTCT)

T = CtHX

(15-3b)

C,=0,016; x = 0,9 (hé khung BTCT); C,=0,02; x = 0,75 (hé khung/ vach

BTCT)

N \ n b 1
H - chi€u cao cong trinh (tinh bang feet): H= .Zhi (h;j - chiéu cao tang thur 1)

1=1

R - hé s giam cuong dd luc cit day mong:

Phéan loai hé€ khung/vach Piéu kién ap dung R
Viéch cting BTCT thuong vung 1 (PD yéu) 3,0
+ khung BTCT thuong
Vach ctmg BTCT thuong vung 2 (BD vira) 5,0
+ khung BTCT trung gian
Véch cung BTCT dac biét vung 3-4 (PP manh — rat manh) 6,0
+ khung BTCT dac biét
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GHI CHU

Ordinary reinforced concrete structural wall - VéCI} cung BTCT thong
thuong do tai cho, thoa man ACI 318 tur Chuong 1 dén 18, ap dung thich
hop cho dong dat vira (vung 2).

Special reinforced concrete structural wall - Vach cung BTCT ddc biét
thoa man tir Chuong 1 dén Chuong 18 cia ACI 318, thém cac diéu khoan
tir 21.2 va 21.7 néu dé tai chd; hodc thém cac diéu khoan tir 21.2 va 21.8
néu dic san, 4p dung thich hop cho dong dit manh (ving 3-4).

Ordinary moment reinforced frame (OMRF) - Khung BTCT thong
thuong duc san hay do tai cho, thoa man ACI 318 tir Chuong 1 dén 18,
ap dung thich hop cho dong dat yeu (vung 1).

Intern}ediate moment reinforced framg (IMRF) - Khung BTQT trung
gian do tai cho, thoa man tir Chuong 1 dén Chuong 18, va cac di€u khoan
21.2.2.3 va 21.12, 4p dung thich hop cho dong dat trung binh (vung 2).

Special moment reinforced frame (SMRF) - Khung BTCT ddc biét thoa
man tr Chuong 1 dén Chuong 18 cua ACI 318, thém cac di€u khoan tir

21.1 dén 21.5 néu dé tai chd; hodc thém cdc diéu khoan tir 21.1 dén 21.6
néu duc san, ap dung thich hop cho dong dat manh (vung 3-4).

5. S - Phan phoi luc cit ddy mong trén toan bo chiéu cao nha theo so @b sau déy:

oy m L]
W )
F, Vol
m B
ng thri  Fe L1 .
m =
S I
= ml
+ f— _Vbase

Phén phdi luc cit ddy méng tinh theo cong thirc (15-4) nhu sau:
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Vbase = Ft + le (15-4a)
1
Trong do:
0.07TVpee < 0.25V, khi T>0.7s
F; - luc tap trung tai dinh: F, = base base . (15-4b)
0 khi T<0.7s
\ Viase — Fr )W H;
F; - luc tap trung tai tang thi i: F = ( bas; OWiH; (15-4c¢)
Z WiH;
J=1

H; , H; - cao do tinh tir mat dat dén téng thir i, j
Wi, W; - tai trong dimg cua tang thir i, j

Phén phéi luc cit ddy mong co thé tinh cach khéac theo cong thirc (15-5) nhu sau:

Vbase = ZIF (15-5a)
i=
Trong do:
. . W;HK
F; - luc tap trung tai tang thir i: F = n—Vbase (15-5b)
> WiH¥
=1
1 khi T<0.5s
= ) (15-5¢)
2 khi T>2.5s

H; , H; - cao d¢ tinh tir mat dat dén téng thir i, j
Wi, W - tai trong démg cua tang thi i, j

6. Xac lap cac t6 hop tii trong trong khung/vach chiu lyc gdm céc tai trong ngang F; va
cac tai trong dimg W; (c6 nhén hé s tai trong), tinh ndi luc thiét ké (M, Q, N) trong
tat ca cac thanh phan két ciu bang co hoc két cau (dung SAP2000, FEAP,...).
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Vi du theo ACI 318-05, can xét bay té hop tai trong sau day:

U=14(D+F) (0-1) )

U - tai trong tinh toan (c6 HS vuot tai)

U=12D+F+T)+16(L+H) (9-2) D - tinh tai
L - hoat tai
+08(L,orSorR) F - tai trong do chét 1ong bé chira
U=12D+16(L,or SorR)+(1.0Lor0.8W) (¢3) | T - taitrongdo nhictdo, congot...

> H - ap luc ngang cta dit, nuéc ngdm
U=12D+16W+1.0L+05(L,orSorR) (94) L, - hoat tai mai

S - hoat tai tuyét roi

U=120+1.0E+1.0L +028 (9-5)

R - hoat tai nudc mua
U=09D+1.6W+1.6H (9-6) W - hoat tai gié
E - tai trong dong dat

U=09D +1.0E +1.6H (9-7)

7. Kiém tra do troi dat (driff), Am , do chuyén vi max khong dan hdi, Dy , trong
khung/véch, tinh Dy bang cach nhan cac chuyén vi dan hoi (elastic displacement), Dy
, vo1 hé so khuyéech dai chuyén vi (displacement amplification factor), Cq = 0,7R :

0,025h, khi T<0,7s

0,020h, khi T>0,7s (15-6)

AM = 0a7R(Ds,i - Ds,ifl) < {

Néu khung/vach qua “mém” khong thoa (15-6), chon lai kich thuéc khung/vach va 1ap
lai tir buére 2.
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8. Dung ndi luc buéec 6, thiét ké bd tri thép cac thanh phﬁn dam, cdt, vach theo ACI 318.

15.2.2 Vi du tinh toin theo phwong phap tuyén tinh tinh theo UBC-94
Phan phéi‘lu’c cit day mong do dong dat 1én toan bo chiéu cao H = 43.2 m cua khung ngang cong
trinh (12 tang, 2 nhip), gia thuyét dong dat vira (Z = 0.2), hé so dat nén S = 1.5 (nén sét cung).

5 kN/m>

EEENNN

[ ] ] |

3.6 m
] L
\\
73 mI 432m
3.6 m
] L
3.6m
[ ] ]
I5m I5m
Tai trong dung (tinh tai + hoat tai) tac dung trén mdi tang san:
Wi = 15m x 30m x 5 kN/m* = 2250 kN (i=1..12)

, 12
Tong tai trong dung tic dung lén cong trinh: W = X W; =12x2250 =27000 kN

i=1
A o Looar n 2 Z1C
Cong thire tinh lyc cat ddy mong theo tiéu chuan UBC-94: Vi = ?W
Trong d6 chon:

7=0.2 (ving dong dat vira)
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I=1.25 (cOng trinh quan trong)
R=6.0 (véach + khung BTCT déo vira)

3/4
T=CH*= o.ozx(%j =0.83 s

1.25 1.25
C= 5357 2/3><1.5=2.12<2.75—>ch(_)n:C=2.12
T (0.83)
0.2x1.25x2.12
= Ve = 21202 097000 = 2385 kN

6.0

. , . 12
Phén phoi luc cat day méng trén toan bo chiéu cao khung nha: Vi, =F + XK
i=1

Trong do:
F¢ - luc tap trung tai dinh: F; = 0.07TVp,ge <0.25Vp,e (do T=0.83 5> 0,7 5)
= F; =0.07x0.83x2385 =140 kN < 0,25 x 2385 =595 kN

_ (Viase —Ft) WiH;

F; - luc tip trung tai ting thir i: Fj

12
Z WiH;
j=1
Tang W;H; F; Tang W;H; F;
thir (kNm) (kN) thir (kNm) (kN)
tang 1 8100 29 tang 7 56700 201
tang 2 16200 58 tang 8 64800 230
tang 3 24300 86 tang 9 72900 259
tang 4 32400 115 tang 10 | 81000 288
tang 5 40500 144 tang 11 | 89100 317
tang 6 48600 173 tang 12 | 97200 345
Ghichii: Vi - F =2385- 140 = 2245 kN ; 2W;H; = 631800 kNm
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140KN  345kN tang 12
—

317 kN tang 11

288 kN tang 10

259 kN tAng 9

230 kN tang 8

201 kN tang 7

173 kN tang 6 H=432m

144 kN tang 5

115 kN tang 4

86 kN ting 3

ting 2

58 kN

29 kN tang 1

mm == 2385 kKN

J IHRENENEEEEE
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15.2.3 Nguyén tic tinh toan ciia phwong phap lwc ngang twong dwong (TCXDVN 356-2006)

Phuong phap luc ngang tuong duong theo TCXDVN 356-2006 ¢6 thé ap dung cho hé
khung BTCT va h¢ khung/vach BTCT ¢ khu vuc dfng q5t yéu — vira cho cac cong trinh
c6 chiéu cao H < 70m va dnh hudéng xodn khong dang ké.

Céc budc chinh tinh dong dat cua vach cing BTCT theo phwong phap luc ngang tuong
duong, dua trén TCXDVN 356-2006, tuong tu nhu tinh khung BTCT & phan 14.3.1
(chwong 14) c6 thé duogc liét ké nhu sau:

1. Dung phuong phap tinh tay, thiét 1ap cac kich thudc so bd ctua dam, cot va vach clng;
tinh cac tai trong ding m; (tinh tdi+hoat tai) tai cac tang (phan 13.5.1 cia chuong
13):

m; =Gy +ygQy; (15-7)

2. Su dung cac kich thudc ¢ buwéce 1 dé 1ap mo hinh tinh toan (2D hay 3D) cua hé khung-
giang (khung+vach) theo yéu cau khang chan phu hop, c6 thé tham khao bang sau

day:
Luwa chon hé khung-giing BTCT Piéu kién ap dung q
Vach cimg thuong + khung dam-cot déo thap dong dat yéu ¥ >1.5
Viéch cting thuong + khung dam-cot déo vira dong dat vira @ >3,0
Véch cung déo cao + khung dam-cot déo cao dong d4t manh ®) >4.,5

Theo FEMA 356, néu phd dan hoi (phan 13.3.3 chuong 13) thoa man ca hai diéu kién:
D' ST =Tg)<0,167g va S(T =1s)<0,067g = dong dit yéu
@0,167g < S(T =Tg) <0,5g va 0,067g <S.(T =1s) < 0,2g = dong dat vira
@ S(T =Tg)>0,5g va S (T =1s)>0,2g = dong dat manh

3. Phan tich mé hinh bwéc 2 dé tim cac tin sb riéng va cac mode dao dong riéng, cd thé
tinh dao dong riéng theo phuong phap PTHH hay cong thirc kinh nghiém (15-3).
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7 S3,2 $33 7

- $2.3

o S22

3

by

&

g S1.2 S1.3

- I 77
Displacement
mode 1 mode 2 mode 3

4. Tham khao phﬁn 13.5.1 cua chuong 13 trong gido trinh nay dé tinh luc cat ddy mong
thiét ké (Fy,) bang cach dung chu ky riéng thir nhat (T) tinh dugc tir buée 3 nhu sau:

F, =S,(T,.E M) (15-8)

trong do:

Sa (Ty, &) Tung dd ciia pho thiét ké tai chu ky Ty;

T, Chuky dao dong co ban do chuyén dong ngang theo phuong dang xét;

A Heé sb hiéu chinh; A = 0,85 néu T, < 2T v&inha > 2 tang; A = 1,0 véi TH khac.

M  Tong tai trong dimg tac dung 1én cong trinh: M = Zmi

i=l1

5. Phan phdi luc cat ddy mong trén toan bd chiéu cao nha (theo 13.5.1 ctia chuong 13):

E:Ilsiibu (15-9) hay Fi:nZiiXFb (15-10)
28, 2Zm,
i=1 i1
trong do:
F; Luc ngang tac dung tai ting thir i

Si, S Chuyén vi ctia cac khdi luong m; , m; trong dang dao dong co ban (mode 1)

Z;,7Z; Cao d) tinh tir mat dét dén tﬁng thtr i, j
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F, L4 4]

chuyén vi mode
si(Z;) hs
b h3
tang thir 2 H
h,
7, ¥,
h,
%

6. Thiét 1ap cac to hop tai trong dic biét trong khung nha, bao gdm cic tai trong ngang
do dong dat F; va céc to hop kha di cua tai trong ding M; , dé tinh toan cac ndi luc
thiét ké (M, Q, N) trong tat ca cac thanh phan két cdu khung-gidng bang cac phuong
phap co hoc két cAu théng thuong (SAP2000, FEAP,...).

Vi du theo TCXDVN 375-2006, can xét to hop dac biét sau day:

THDB=YF+3M, (15-11)

i=1 j=1

F; - lyc ngang phan theo tang thtr i do tic dong cua dong dét
M; - tai trong dirng phéan theo tang thu j, tinh bang: M, =G, ;+v,Q; (15-12)
Gy, Q,; - tinh tai va hoat tai tinh toan cua tang thi j
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V2, - hé 56 t6 hop tai trong ddi véi hoat tai ting thir j (tham khao 13.5.1, chuong 13)

7. Kiém tra d6 troi dat (drift), Ay , theo Eurocode 8 bang chinh chénh léch giira hai
chuyén vi tang, Dg; va Dy , tinh v6i phd gia tdc thiét ké Sg (T, &) & phan 13.3.4 cia
chuong 13: Ay =D ;-D,; , <[A,]. Néu khung/vach qua “meém” khong thoa yéu
cau cua Eurocode 8, chon lai kich thudc khung/vach va lap lai tir buére 2.

8. Dung néi lyc (M, Q, N) tinh trong budc 6, thiét ké va b tri cdt thép (tuy thude vao
gia tri q da sir dung) cac thanh phan dam, c6t, vach theo TCXDVN 375-2006.
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153 THUC HANH THIET KE VACH CUNG BTCT THEO ACI 318-05

Bai giang: PhD Ho Hiru Chinh

Tham khao: A. Whittaker + J.W. Wallace

Céc ban luan dudi day trinh by cac van dé co ban trong thiét ké vach cimg BTCT theo tiéu

chuan My ACI 318-05 c6 céc diéu kién sau day:

= Vich cao - flexural walls (H,,/L, > 2: thiét ké chéng luc doc + luc udn + luc cét)

* Nha cao trung binh - moderate height building (H = 20-75 m).

= Vach cing thong thuong db tai chd: thoa man ACI 318 tir Chuong 1 dén 18, ap dung

thich hop cho dong dit vira:

FEMA 356: 0,167g < S.(T =T) <0,5g va 0,067g <S.(T = 1s) <0,2g

15.3.1 Yéu ciu ciu tao cbt thép vach cirng
a)- Chiéu day vach tdi thiéu:
tw > (hg /25,1y, /25, 100mm)  (14.5.3)
tw2 > (hg /15, 200mm) néu lyn < 2ty , 1y, /5)
tw2 > (hg /10, 200mm) néu lyn > 2ty , 1y, /5)

b)- Ham lugng thép thép céu tao tdi thiéu:

. . o A t
Duong kinh thép cau tao: ¢,,,¢,, <%

10

p, = A, >0,0015 (14.3.2)
tWSI

p, = Ay >0,0025 (14.3.3)
tws2

¢)- Bude b tri cdt thép ciu tao:
s1 < (3 ty , 450mm) (14.3.5)
$2 < (3 ty , 450mm) (14.3.5)

trong do:

H,, - chiéu cao vach ciimg

h, - chiéu cao mdi téng san nha

ly , L2 - chiéu dai vach cung va phén tir bién

tw , tw2 - chi€u rong vach ciing va phan tur bién

Py
M,
/\ .
v
S1 S1 S1
+—r—r<—>
S> I 1«
S> I
S> I
Ap Ay |
:tw2 -t
VW
B e
e, |

A, - thép cau tao theo phuong dimg, budc thép s; = ham lugng thép phuong dimg p,

Ay, - thép cu tao theo phuong ngang, budc thép s, = ham lugng thép phuong ngang p;
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15.3.2 Phén b6 thép doc chiu udn
Thép doc chiu uén+nén trong vach cao BTCT cé thé dugc b tri theo cac cach nhu sau:
- B4 tri thép doc phan tan déu trén toan bo tiét dién ngang vach cimg.

- bat day thép doc tinh toan (thép A, duong kinh ¢ > 16mm va c6 ham luong py thoa man
chwong 7, chwong 10 ciia ACI 318-05) ¢ hai phan tir bién tai hai dau vach (= 0.1Ly) va bd tri
thép doc cAu tao (thép A, ham lugng Xap Xi Pmin = 0.15% nhur phan 15.3.1) & phan giira vach (=
0.8L.,): nham cai thién d6 déo va ting kha ning chdng ubn cta vach. O hai dau vach phai bd tri
thép dai kin théa man chwong 7, chwong 10 cia ACI 318-05, dé ting hiéu qua ép ngang
(confined concrete) nhu hinh bén du6i:

oa——— " une,
Cach 1
oo ol
Cich 2
Cach 3
Lach > Prmin
0.1L 0.8L 0.1L

Vi du 1: Mémen chdng uén ting 25% khi bb tri thép doc vach phiang phuong 4n 2 ¢ cing ham
lugng thép vach cimg 1% véi phuong an 1.

PA1: Bd tri thép déu nhau PA2: B tri thép day & 2 dau

| 120,000 | 120.000

|'ﬁZ.qll]l]mi
|
|
i
i
|
i
i
|
i
i
i
|
i
T
[
[
[
[
[

5000 28000

2000.0

1600.0

s
=
c
-
=

1000.0

M o= 380 Munac= 475

500.0

0o #4 Angle = O Deg wri =

0.0 A Angle = 0 Deg wrt X

-500.0

10000 &

-1000.0

o mnui zuuui 3unui anuni sunui
ik al ui 160 ui 240.0i 320.0i 400.0i
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Truong hop vach BTCT dang hop, c6 thé dat day thép ¢ cac goc va phén tan & phan gitra vach
nham cai thién d6 déo va ting kha nang chdng udn.

N —
0T
0o —— L Q. [y — oW W
I - g
———
\
o
9 b
o
b
o b b
B _o 0o a. 00

Vi du 2: Mémen chong udn ting 16% khi bé tri thép doc vach hop phuong an 2 ¢6 cing ham
luong thép vach cliing 1% vadi phuong an 1.

PA1: B tri thép déu nhau PA2: B tri thép day & céc gdc

F EL ] ___I 17,000 H |.,,| Aa.0p0 ._4 Ll ,_I

6000.0 B000.0
7000.0 7000.0

6000.0 B000.0

@Pn (Hip)

5000.0 5000.0

4000 0 4000.0

30000 3000.0

20000 mf"‘ = 19200

1000.0

Minax = 16500

20000

10000

0g A Angle = (1 Deg wrt X 0g A Angle = 0 Degg wrt X

-000.0 -10000
a

2000 2000 f

10 auuuu‘ EEIEIEI[I‘ auuuu‘ uuuun‘ wauuuu‘ mnmnu‘

0 4000 D‘ 000 D‘ 12000 D‘ 16000 D‘ 2000048
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15.3.3 Tinh toan thép doc chiu udn

Dé tinh thép doc chiu uén+nén ciia vach cao BTCT (chu yéu thép tinh toan A, & hai dau véch),
ap dung chwong 10 (10.2—10.3, 10.10—10.14, 10.17) va chwong 14 (14.2—14.3) cua ACI
318-05 két hop st dung dwdng cong twong tac (interaction curves OPL-OM,)):

>
} 120.600 |
s s e
yiMiereaiie il el v
1
«
Pn {Kip| _______.\\
- Hau nhu vach phang dugc tinh nhu o K:Gng
ket cau chiu nén mét phuong. ® e
A s , . , - 102 -
- Noi lyc tinh toan (P,M) tai cac mat An'toan
cat ngang phai nam trong dudng cong L
tuong tac (¢P,, dM,):
= P=¢P, yéucau M < ¢M, L e
s [ Wk Al = 0 Deg
-
o La |su Im |m|
2
|r1, 1za.|+|w "-I ?
| | e e R T T N
a - l; - I'I ; £
i I . : ;
. / |2t Py = 3775 0 kip
3 E— B JEch ot e oy S ) g vttt e SRLY ST ; /
8 | 3¢ -i
| -
| 5 =
a | a IF
a (] N I & ]
X e - - a | . - a Ay
o u.alrw = 12.000 |é—b| LiL L ;n‘--”— I
: sing |3
’ & g ¥
- Hau nhu véach hop dugce tinh nhu két e —l
cau chiu nén hai phuong. o
Pl e
= P=¢P, e =
yéu cau My < ¢Myux 5 My < dMy oo__ ..‘{:\ﬁ*ﬁ\ﬁ.fﬂvl{_‘ezm.‘f.‘f. N R T
2> M, =M, 0
5u cAu P < P : M. < oM 00 2hn (k4
éucau P < ; < T
4 OPu 5 My < ¢Mux ol sl om] ewo oo wn) wel s
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15.3.4 Tinh to4n thép chdng cit
Ap dung phan 11.10 ctia ACI 318-05, cac budc chinh thiét ké chng cét vach cao BTCT nhu sau:

1. Kiém tra cudng do chdng cit 16n nhat cho phép:

> g M,
Vn,max =g f(:twdw (11103) /‘\
Vu

DPonvi: [V,]=N;[f.]=MPa;[ty], [dw] = mm S

Vo1l dw =0.81W (11104) S1 S1 S1

Yéu cau: OV max > Vu (Eq. 11-1)

Hé s giam cuong do chdng cit: ¢=0.75 82

2. Tinh cudng d6 chéng cit ciia bé tong: 52 T

pP,d S
v, =L fFot,dy, +oudw (Eq. 11-29) ?
4 41,

dAu - khi P, 1a kéo, dau + khi P, 1a nén

<+——>

3. Xac dinh thép chiu cit theo phuong ngang (A, , s3):

al-  Néu 'V, <0.5¢V, — bd tri (Ay, s2) theo cdu tao tw |

b/- Néu V, >0.5¢V, — tinh toan (A, s3) nhu sau: ly
Do: VvV, ¢V, (Eq. 11-1)

< Vi S0V, +Vy) (Eq. 11-2)
A fod -
Ay p sy = Ao VaooVel
SH SH ¢fydw

Twr cdp (Ay, s2) tinh dugc tr phuong trinh (*):

© Vy S0V, +

A A A
Y¢éu cau: pp = —>0.0025 (11.10.9.2)
tws2
ly, /5

Yeuchu: ¢, <) 3, (11.10.9.3)

450mm

4. Kiém tra thép chiu cat theo phuong dimg (Ay, s1): Py = Ah
twsi
h
Ipn > 0.0025 +0.5(2.5 —I—W)(ph ~0.0025) /3

Yéu ciu:, o > 0.0005 (1110.94) g < 3¢ (11.109.5)

Pn < Ph 450mm
I
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