Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2024, 18 (1V): 106-119

DUONG CONG QUAN HE LUC CAT - CHUYEN VI NGANG CHO
COT BE TONG COT THEP CHIU TAI TRONG LAP

Pham Phtt Anh Huy®>*

“Vién Nghién ciru va Phat trién Cong nghé Cao, Truong Pai hoc Duy Tén,
03 Quang Trung, qudn Hai Chdu, TP. Pa Nang, Viét Nam
bKhoa Xay dung, Truong Pai hoc Duy Téan, 03 Quang Trung, qudn Hai Chdu, TP. Pa Néng, Viét Nam

Nhdn ngay 05/5/2023, Sira xong 16/10/2023, Chdp nhdn déing 23/10/2023

Tém tit

Ung xir cia ¢t bé tong ot thep (BTCT) duéi tac dung cua tai trong lap hodc dong dét duoc thé hién qua duong
cong quan hé luc cit - chuyen vi ngang. Viéc udc tinh chinh xac duong cong nay 1a mot tiéu chi quan trong
trong viée tinh toan thiét ké hoic gia ¢6 cho c6t BTCT chiu tac dong clia tai trong l3p hay dong dit. Bai bao dé
xuit mot quy trinh don gian dé xay dung dudng cong luc — chuyén vi cho c6t BTCT chiu tac dung cua tai trong
lap Quy trinh d& xuét dya trén mot s cong thirc giai tich cua tiéu chuan ASCE/SEI 41-17 va mot s0 tac gid trén
the gidi, dong thoi duoce klem ching boi két qua thuc nghlem Két qua kiém chung cho thay duong cong luc
cét - chuyén vi ngang dé xuét kha don gian, dé ap dung, ddng thoi cho két qua kha chinh xac véi thyc nghiém.

Tir khod: duong cong luc — chuyén vi; quan hé lyc cét - chuyén vi ngang; (mg xr cua cot BTCT; cot BTCT;
ung xur dudi tai trong 1ap.

SHEAR FORCE - LATERAL DISPLACEMENT CURVES FOR REINFORCED CONCRETE COLUMNS
UNDER CYCLIC LOADS

Abstract

The behavior of reinforced concrete (RC) columns under seismic or cyclic loads are presented by the load-
displacement curves. The exact estimation of these curves is the most important step in designing or retrofitting
RC columns considering the seismic or cyclic effect. The paper proposed various simple processes to build the
load—displacement curves. These processes used several equations from ASCE/SEI 41-17 standard, researchers,
and be verified by an experimental database. The results revealed that the proposed load-displacement curves
were simple, easy to apply for designing, and have good results to compare with an experimental database.

Keywords: load-displacement curve; shear force - lateral displacement relationship; RC column response; RC
column; cyclic behavior.
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1. Gioi thiéu chung

Cot BTCT la cau kién chiu luc quan trong trong két ciu cong trinh. Cot bi hu hong c6 thé dan dén
sap dd cuc bd hodc toan bod cong trinh. Do vay, viéc uwdc tinh chinh xac kha nang chiu lyc cua cot 1a
bude thiét yéu trong viéc thiét ké hodc tinh toan gia ¢b cho cot. Kha nang chiu lyc cua cot dugc thé
hién qua kha nang chiu cit khi udn coa cot V,,,, (shear demand), va kha nang chiu cit chju cat thuan
tuy V,, (shear strength). V,,, dugc xac dinh thong qua kha ning chiu uén 16n nhét, V,,, = 2M/H cho
cOt thi nghiém c6 do cong kép (double curvature), va V,,, = M/H cho ¢t thi nghi€ém c6 d6 cong
don (single curvature) [1-3]; trong d6 M, V, H twong tmg 1a mé-men, luc cét va chiéu dai cot. Trong
khi do, V), 1a kha nang chiu cit thuan tuy cda cot (shear strength), dugc xac dinh dua trén kha nang
chiu cit cua bé tong va cbt dai. V,, c6 thé duoc xéac dinh béng nhiéu phuong phap khac nhau nhu st
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dung céc cong thirc cua tiéu chuan Viét Nam TCVN5574:2018 [4], phuwong phap khi (mg suat twong
duong theo chi dan cua tiéu chudn ACI318-19 [5] (equivalent stress block method), phuong phap phan
tich momen va dg cong (moment curvature analysis), phuong phép thanh chdng giang (strut-and-tie
method), phwong phap phan ttr hitu han véi viéc chia nhé mat cét (fiber section analysis), v.v... Bén
canh do6, V,, ciing 1a mot yéu to quan trong trong viéc xac dinh kha nang chiu tai trong ngang cua cot.
D3 c6 nhiéu tac gia va tiéu chuan dé xuat cac cong thirc tinh toan kha ning chiu cat cua cot, dién hinh
nhu ACI318-19 [5], ASCE/SEI 41-17 [6], Sezen & Moehle [7], v.v... Trong d6 kha ning chiu cit cua
cot dugc xac dinh l1a téng kha nang chiu cit ctia bé tong (V,) va ¢t dai (V). Céc hoc gia trén thé gioi
da chira re‘ing cOt s€ bi pha hoai dya trén 3 hinh thiic co ban nhu pha hoai udn, udn-cit, va pha hoai
cit [8—12]. Ph4 hoai udn xay ra khi c6 sy giam kha niang chiu luc do bién dang udn sau khi chay déo
cta cbt thép doc, pha hoai udn thuong xay ra khi bé tong bi nén vd do udn hoidc cbt thép doc bi kéo
dut do tmg suat kéo khi udn. Dé xay ra pha hoai udn thi kha nang chiu cit khi udn (V,,,) phai bé thua
nhiéu so v&i kha nang chiu cit thuan tuy cda cot (V,). Twong tu, pha hoai cit xay ra do sy giam kha
nang chiu ct trong cot trudc khi ¢t thép doc chay déo. Pha hoai cat ¢ thé xay ra do Gmg suat kéo
hodc nén nghiéng, trong trudng hop nay thi V,,, phai 1én hon nhiéu so véi V,. Trong khi pha hoai
ubn-cit xay ra khi kha nang chiu cit ciia cot giam sau khi bt thép doc chay déo, thuong xudt hién &
hai dang cu thé 1a pha hoai do cac tng suat kéo hodc nén nghiéng trong ving cé cbt thép doc chay
déo [8—10]. Truong hop pha hoai udn-cét xay ra khi V,,, va V,, chénh 1éch nhau khong nhiéu. Bé phéan
loai mot cach cu thé cac trudng hop pha hoai ctia cot, Anh Huy va cs. [8] da dé xuit phuong phap xac
dinh hinh thtc pha hoai ctiia cot BTCT dua trén ty 36 Vyun/ V. Néu ty $6 Viun/ Vi < 0,6, lac nay kha
nang chiu cit khi udn s& bé thua nhiéu kha nang chiu cit thuan tuy cua cot, diéu nay s€ din dén cot
BTCT s€ pha hoai udn, trong khi kha nang chiu cit thuin tuy cua cot van dam bao. Nguoc lai néu ty
$O Viun/V,, > 1, lac nay kha ning chiu cat khi udn s& 16n hon kha nang chiu cét thuan tuy cot, dan dén
c0t s€ pha hoai cit. Con lai cot s& pha hoai theo truong hop udn-cét néu V,,,,/V, = [0,6 = 1,0]. Tuong
tu Lodhi [13] dé xuat phan loai cac truong hop pha hoai ctia c6t BTCT thanh nam trudng hop. Cu thé,
néu V, < Vy (Vy 1a lyc cit twong g véi luc cdt thép bit dau chay déo, hay con 1a 1a lyc chay déo),
cot s& bi pha hoai do luc cit trong khi tmg xir uén van & trang thai dan hoi. Néu Vy <V, <0,95V,,
kha nang chiu cit van chua dat dén gidi han chiu udn, va cot s& bi pha hoai do chiu lyc cit véi bién
dang uén phi tuyén. Néu 0,95V,,,, < V,, < 1,05V,,,, kha ning chiu cit duoc tinh thong qua kha ning
chiu uén udn va kha nang chiu cit thuan tuy la xép xi nhau, cdt s€ pha hoai theo hinh thirc udn-cit,
v6i kha nang chiu cit ctia cot giam trong khi cdt thép doc chay déo. Néu 1,05V, <V, < 1,4V, kha
nang chiu cit thuan tuy 16n khéng qua nhiéu so v6i kha nang chiu cit tinh thong qua kha niang chiu
udn, cot s& pha hoai theo hinh thuc udn véi bién dang citla phi tuyén. Néu V, > 1,4V, luc nay kha
nang chiu cat thuan tuy 16n hon nhiéu so véi kha nang chiu udn, cot s& bi pha hoai cit véi bién dang
udn 13 tuyén tinh. Ngoai ra c6 mot s6 tic gia dé xuat phan loai su pha hoai cua cot BTCT duya trén ty
s6 nhip chiu cit trén chiéu cao 1am viéc cua tiét dién, hodc dua trén do déo ctia két cau, tuy nhién cac
phuong phap nay it dugc st dung [1-3, 14-16].

Bén canh do, viéc danh gia ung x1r ciia cot BTCT dudi tai trong 1dp hodc tai trong dong dat duoc
xéac dinh théng qua quan hé giita tai trong ngang (hay luc cét) va chuyén vi ngang, con duoc goi 1a
dudng cong quan hé lyc cat - chuyén vi ngang hay con goi 1a “dudng cong xuong sdng — backbone
curve”. Pudng cong nay thong thudng cé hai giai doan co ban nhu giai doan tuyén tinh va phi tuyén
thé hién quan hé tuyén tinh va phi tuyén giita lyc cit va chuyén vi ngang tuong mg. V&i tai trong lap
thi dudng cong ndy sé c6 hai nhanh thé hién quan hé lyc cat va chuyén vi ngang thay dbi ngugc chiéu.
Néu gia tai véi cac cip khac nhau s& xay dung dugc mot dudng cong lién tuc thé hién quan hé luc cit
va chuyén vi ngang khi gia tai va do tai, duong cong nay con goi la duong cong tré (hysteretic loop).
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Dua trén duong cong quan hé giira luc cat - chuyén vi ngang c6 thé xac dinh dugc cac ddc trung Gmg
Xt ctia két cAu nhu ung xur dan hoi, ung xur déo, d déo cua két cau, do cung ban dau va do cung hiéu
qua, chuyén vi 16n nhit ma cot c6 thé dap ung dugce, quan hé giita lyc va chuyén vi trong ting giai
doan lam viéc cua cot, v.v... V&i y nghia quan trong cia dudng cong nay trong viéc danh gia ing xt
ctia c6t BTCT khi chiu tai trong 1ap hodc dong dat, tuy nhién hién nay dudng cong nay dugc xay dung
chu yéu dua trén cac s6 liéu thi nghiém hodc tinh todan mé phong sb. Céc tiéu chuan cua Viét Nam
nhur tiéu chuan thiét ké két cdu bé tong va bé tong cbt thép (TCVN5574:2018 [4], tiéu chuan thiét ké
cong trinh chiu dong dat (TCVN9386:2012 [17]), v.v, ciing chua d& cap va hudng dan cu thé viéc xay
dung duong cong nay. Diéu nay s& gdy kho khin khi cn dy bao kha ning chiu tai trong ngang cua
cOt BTCT cho cong tac thiét ké hodc gia ¢ két cAu. Bén canh do, trén thé gidi cling da c6 mat vai
tac gia va tiéu chuan ciing dé xuét cach xdy dung duong cong nay nhu ASCE/SEI 41-17 [6], Li &
Hwang [1 8], v.v..., tuy nhién viéc xay dung kha phuc tap, str dung nhiéu dir liéu thuc nghiém khac
nhau, dong thoi ch1 ap dung dlmc cho mot vai trudng hop cu thé, khong bao quat hét cac truong hop
pha hoai ctia c¢6t nhu pha hoai uén, udn-cit, hay pha hoai cat. Pé don gian hoa va glup can bo thiét ké
xdy dung duong cong quan hé lyc cét - chuyén vi ngang mot cach nhanh chéng nhat véi do chinh xac
c6 thé chap nhan dugc, tic gia di dya trén cong thirc va khuyén nghi ciia mot sb tac gia va tiéu chuin
trén thé giéi dé xuit dé xay dung duong cong quan hé luc cit - chuyén vi ngang bang cach ndi cac
doan thing tuyén tinh gitta cac diém quan trong nhu diém nit (crack point), diém cuc tri (peak point),
diém bat dau giam cuong do (beginning of shear degradation point), va diém pha hoai (collapse point)
Vi cac cong thire giai tich twong d6i don gian va dé ap dung. Pudng cong d& xuat c6 thé ap dung cho
¢ot BTCT c6 tiét dién hinh chit nhat, va bi pha hoai ¢ bat ky dang nao (udn, cat, hodc un-ct).
2. Cac md hinh xiy dung dudng cong luc cit — chuyén vi ngang

Quan hé gitra luc cit va chuyén vi ngang ctia c6t BTCT 1a mét tiéu chi quan trong khi phan tich
su 1am viéc ctia cot BTCT chiu tai trong ngang (c6 thé 1a tai trong tinh, tai trong lap, hodc tai trong
dong dat). Hién nay, tiéu chuan thiét ké két cau BTCT cua Viét Nam TCVN 5574:2018 [4] chua dé
cap dén phuong phap xdy dung duong cong quan hé luc cit va bién dang nay (dudng cong nay con
goi 1a duong cong “xuong sdng” — backbone curve). Nhu vdy, dudng cong “xuong song” 1a mot biéu
d6 thé hién mdi quan hé giita lyc cit va chuyén vi ngang ctia ¢t BTCT. Trong qué trinh thiét ké cot
BTCT, dudng cong “xu:ong séng cho phép cac k¥ su thiét ké danh gla kha nang chiu tai cta cdt Va
xac dinh gla tri luc cit 16n nhit ma cot co thé chiu dugc. Pudng cong xuorng sdng” ciing cung cip
thong tin v tinh chét dan hdi, tinh chit déo cta cot... cac tinh chét nay thé hién ¢ ung xur cua cot dudi
tac dung cua tai trong lap hoac dong dét. Viéc hiéu rd cac tinh chét nay cua cot rat quan trong dé thiét
ké hodc gia c6 chung khi chiu dong dat.
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Hinh 1. Puong cong quan hé lyc — chuyén vi theo ASCE/SEI 41-17 [6]
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Puong cong lyuc cit - chuyén vi ngang 4p dung cho két ciu khang chan dwoc ASCE/SEI 41-17
[6] dé xuat duogc thé hién trong Hinh 1. Pudng cong loai 1 trong Hinh 1(a) mé ta tng xir ctia két cdu
déo trong d6 co giai doan dan hdi (tir diém 0 dén 1) va giai doan déo (tir diém 1 dén 3), bit du tir
diém 2 1a diém ma két cdu bat diu mat kha nang chiu tai ngang, va diém 4 biéu dién két ciu mat kha
nang chiu tai dung. Giai doan chay déo co thé co6 do déc duong hodc am (tu diém 1 dén 2), va mot
giai doan suy giam dang ké vé kha nang chiu tai ngang va tai dimg (tir diém 2 dén 3). Pudng cong
loai 2 trong Hinh 1(b) mé ta timg xir déo cua vat lidu trong d6 c6 khoang dan hi (tir diém 0 dén 1) va
khoang chay déo (tir diém 1 dén 3). Giai doan chay déo c6 thé c6 do doc dwong hodc am (tir diém 1
dén 3), tiép theo la giai doan suy giam dang ké vé kha niang chiu tai ngang ¢ diém 3, va cudi cing mat
kha ning chiu tai dimg xay ra ¢ diém 4. Puong cong lyc cat — chuyén vi ngang dugc goi 1a duong
cong bi kiém so4t bai bién dang néu bién dang chay déolae > 2g (g la bién dang dan h6i); nguoc lai,
chung s& dugc goi 1a dudng cong bi kiém soét bai luc. Puong cong Loai 3 trong Hinh 1(c) dai dién
cho két cdu gion hodc khong déo, trong d6 c6 khoang dan hdi dugc thé hién tir diém 0 dén 1, tiép theo
1a giai doan mat kha ning chiu tai ngang ¢ diém 3 va mat kha ning chiu tai dimg & diém 4. Puong
cong tng xr luc cat - chuyén vi ngang trong truong hop nay bi kiém soat boi Iyc. Bén canh do, tiéu
chuén ASCE/SEI 41-17 [6] dé xut dudng cong luc cit - chuyén vi ngang ap dung cho cot bé tong cdt
thép dua trén 4 doan théng tuyén tinh nhu thé hién trong Hinh 2, v&i cac hé sb a, b, c,d va e dugc xac
dinh theo cac chi dan cuia ASCE/SEI 41-17 [6].
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Hinh 2. Puong cong quan hé luc cit - chuyén vi ngang ap dung cho két cAu BTCT theo ASCE/SEI 41-17 [6]

Tuwong tw, Li & Hwang [ 18] da d& xuét duong cong chuyén vi cit - bién dang ngang cho cot ngén va
vach BTCT bﬁng 3 doan théng tuyén tinh ndi cac diém nhu “diém nut - crack point” (V¢r, Acr), “diém
cuong do - strength point” (Vn, proposeds Da,propo sed), va “diém pha hoai — collapse point” (O, Awuapse)
nhu thé hién trong Hinh 3. Lyc cét tai cac diém duoc tinh toan theo cac cong thire (1), chuyén vi tai cac
diém duoc xac dinh bang tong ctia ba chuyén vi thanh phan nhu chuyén vi do udn (A ﬂexm), chuyén
vi do cét (A shear)s chuyén vi do truot (A sl,p) theo phuong trinh (2). Puong cong nély dua trén rng Xt
ctia cOt ngdn va vach phé hoai cét. Lic nay, céu kién pha hoai khi cdt thep trong cAu hién chua dat toi
gi6i han chay, dan dén duong cong phat trlen tir diém nurt (crack point) dén diém cuyc tri (peak point)
ma khong ¢ thém chay déo. Bén canh do, ciu kién s& giam kha ning chju luc d6t ngdt ngay sau khi
dat dén cyc tri va dan dén ph4 hoai tai diém pha hoai (collapse point).

0.2P
Voo = 027 Tbd + 29 hoge Vip = (0,052 f’+h<0u\/ﬁ bh_| g
cr — Y, c 4h ¢ cr — 5 c M-’_ﬁ (1)
V' 2

Vn,pmpased = K{fc,Astr cosf
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A= Af + Aghear + Aslip

H V.. H Ve,  dof}
Af,cr = Vcr—; Ashear,cr = L; Aslip,cr =g___F
12E.Iss 0.4E A, V, SuEy(d — kd) o
V.H? Vo dfy

= ')/vhH; Aslip,n =

=" . A DL
ST 2E e V, 8uE(d — kd)

Aa,proposed = An,proposed +rH

trong d6 A 1a hé s6 xét dén loai bé tong (A = 1 cho bé tong thuong); E., Es 1a mé-dun dan hdi cua bé
tong va thép; I.ry la mé-men quan tinh hiéu qua cta tiét dién, duoc xac dinh theo Li & Hwang [18];
Vy 1a lyc chay deo, 1a luc cit twong ng voi thoi diém cbt thép doc bit dau chay déo; fls fyv 1a cuong
dd chiu nén cua bé tong va cuong dg cla bt dai; Ay = b X hla dién tich cta tiét dién ngang; P la
luc nén trong cot; kd 1a chidu sdu cta ving chiu nén dan hoi; u = \/f 1a Iyc dinh trung binh; dp, 1a
duong kinh cbt doc; H 1a chiéu dai cot; £ 1ahé s6 xét dén giai doan hoa mém sau khi bé tong nut; A,
1a dién tich hiéu qua ¢ cudi ciia mé hinh dan nghiéng; 6 1a goc nghiéng giira thanh gian chéo ctia mo
hinh gian va tryc ngang; K 13 hé s anh hudng cta thép dai nhu mot thanh gidng trong mé hinh chiu
Cét; Yy, r 12 bién dang cit trung binh va hé sb xac dinh diém pha hoai, tham khao cach xac dinh cac
hé sb nay theo Li & Hwang [18];
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Hinh 3. Pudng cong lyc cit - chuyén vi ngang theo  Hinh 4. Hé s k theo d& xuat cua Sezen & Mochle [7]
dé xuat cia Li & Hwang [18]

Bén canh d6, Sezen & Moehle [7] dd dé xuét cong thirc tinh kha ning chiu cit cua cot BTCT co
xét dén su doéng gdp cua bé tong (V) va cdt dai (V) nhu thé hién trong phuong trinh (3); Trong do,
V., Vi 1a kha nang chiu cit cia bé tong va cbt dai; A, 1a dién tich cbt dai; L/d 1a ty sb gitra nhip chiu
cét trén chiéu cao lam viéc cta tiét dién; s 1a khoang cach giita cac ct dai; Sezen & Moehle [7] da xét
dén anh hudng cua d6 déo lam giam kha nang chiu cit cta cot thong qua hé sé k. Véi do déo cua két
cAu duge danh gia be"mg ty ) gilta bién dang cuc han (A,) trén bién dang déo (Ay). Sezen & Moehle
[7] da d& xuét cach xac dinh hé s k nhu Hinh 4.

0,5+/f¢ P A, fnd
—k(V,+Vy) =k VI 1+ 0,84, + k% 3)

L 0.5y/7iAq

d
3. Pé xuit duwong cong quan hé Ie cit - chuyén vi ngang
Dua trén cac chi dan va dé xuat ciia tiéu chuan ASCE/SEI 41-17 [6] va mot s tac gia da trinh bay
trong muc 2 cta bai bao. Tac gia dé xuét xay dung duong cong luc cét - chuyén vi ngang 1 cac doan
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thang tuyén tinh ni cac diém nhu “diém nut - crack point”, “diém cuc tri - peak point”, “diém pha
hoai - collapse point”, “diém bét ddu giam lyc cit - beginning of shear degradation point”. Tai mdi
diém duogc biéu dién boi hoanh dé 1a chuyén vi ngang (A), va tung d6 1a luc cat (V). Chuyén vi ngang
(A) duoc xac dinh 1a téng cua ba thanh ph::in, nhu chuyén vi do udn (A 1)s chuyén vi do ¢t (Agpeqr), VA
chuyén vi do truot (Aszip). Luc cit va cac chuyén vi thanh phin tai mdi diém dwoc x4c dinh dua trén
cac cong thuc dé xut ciia mot sd tac gia va tiéu chuan.
3.1. Cét phd hodgi cdt

Puong cong luc cit - chuyén vi ngang ctia ¢t BTCT pha hoai cat dugc kiém soat boi luc cét véi
gia tri 1on nhét Vpeak- Dua vao s6 liéu thi nghiém cho cac c6t BTCT chiu cit thong thuong, bai bao
da dya trén mé hinh cua Li & Hwang [18] dé xuét xdy dung dudng cong nay bang ba doan thing
tuyén tinh ndi cac diém nhu “diém nut - crack point”, “diém cuyc tri - peak point”, va “diém pha hoai
- collapse point”, nhu thé hién trong Hinh 5. Dong thoi diéu chinh cac cong thirc tinh chuyén vi va
luc cit tai cac diém nhu: diém nat, diém cuc tri, va diém pha hoai. Vé mat y nghia vat ly, gia tri luc
cit tai cac diém nut dya trén cong thic cua co hoc két cau. Luc cét tai diém cuc tri dua trén dé xuét
ctia Sezen va Moehle [7]. Céc bién dang tai cac diém nay dya trén co so la tong cac bién dang do udn
(flexure), cét (shear) va truot (slip).

Luc cét . .
; DPiém cue tnn

Peak point

Vpealr: _______________

Va - .2
'D1ém nut; .2 , .
| Crack point Piém pha hoai
! p ; Collapse point
ol : -
Acr Apeak ACOHHPSC Chuyén \1

Hinh 5. Pudng cong lyc cit — chuyén vi ngang dé xuét cho cot pha hoai cét

Piém nut - Crack point: chuyén vi ngang dugc xac dinh Ac, = Ao + Agpear,cr + Agiip,cr, VO1 cc
chuyén vi thanh phan duoc xac dinh theo phwong trinh (4). Trong d6 A f.or VA Aghear,er dugc xac dinh
theo ly thuyét ¢d dién cua co hoc két ciu, con Agiip,cr duge xac dinh theo dé xuit ctia Sezen & Setzler
[19]. Tuong tw, luc cit tai diém nut (V,,) duge xac dinh theo phuong trinh (5).

VL3 6V,,L V., dpffL
Af,cr = == shearcr = Z A7 > sliper = < om0 9~ (4)
12E.1, 5 GA, Vy 8uEy(d - c)
M., 0,623 fI1
Ver = : ;o M= —ﬂ (5)
L c

trong d6: V.., M., 1a luc cit va mo6 men tai diém nut; V) la tai trong chdy déo, 1a tai trong ngang tuong
ung voéi thoi diém cbt thép chay déo; L la nhip chiu cit (L = H cho c6t co chiéu dai H v6i mot dau
ngam, mot dau tu do; L = H/2 cho cot co chidu dai H véi 2 dau ngam); G 1a mo-dun bién dang cit; d
chiéu cao 1am viéc cua tiét dién, d = h — a, véi a la khoéng cach tur trong tdm thép chiu kéo dén mép
cua tiét dién; ¢ 1a chiéu cao vung nén; dj, 1a duong kinh cua ¢t doc; I, I, md men quan tinh cta tiét
dién va mémen quan tinh hi€u qua cia tiét dién; DO cung hi€u qua cia tiét dién E I, (Bang 1) dugc
tinh toan tir dé xuit cia ASCE/SEI 41-17 [6] va két qua thi nghiém cua Anh Huy va cs. [8]; u 13 ng
suat (Iyc) dinh, ¢6 thé 1y u = \/77;
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Bang 1. Dé xuit do ctng hiéu qua cta cot BTCT

Diém nut DPiém chay déo Piém cuc tri
Ty sé nén > 0,3 1,0E.I, 1,OEI, 0,7E.1,
Ty sé nén < 0,1 0,7E.1, 0,7E.1, 0,5E.I,

Chu y: C6 thé ndi suy tuyén tinh néu ty s6 nén trong khoang tir 0,1 dén 0,3.

Piém cuc tri - Peak point: twong tu chuyén vi udn, cit, va truot cta diém cuc tri duge Xé’C diph
theo cac phuong trinh (6). Trong‘ do A f.peak dugc xac dinh dua trén cong thirc cua co hoc két cél{,
At shear dugc xac dinh dua trén dé xuat cua Park & Paulay [20], Agip peak duoc xac dinh dua theo dé
xuét cta Sezen & Setzler [19]. Luc cit tai diém cuec tri (prk) duoc xac dinh theo dé xuét cuia Sezen
& Mochle [7] nhu thé hién trong phuong trinh (7).

A V eakl,3 VL 1 4 Vpeak dbfyzL
== ;A = - : . ‘
fopeak 12E.1, shear,peak bd \p,E; + E, Aslzp,peak = Vy SuE,(d — ¢ (6)
‘/ = 1 A d
peak KINO5SfL |1+ ——— O,SAg ny" R
0,5+/f/A g

Piém pha hoai — Collapse point: cot s€ bi pha hoai do lyc nén trong cét. Chuyén vi tai diém pha
hoai duge xac dinh theo dé xuét ctia Elwood & Moehle [21], trong khi luc cit tai diém pha hoai duogc
xem nhu bang 0. Trong phuong trinh (8), 6 1a goc nghiéng cua vét nit va duge dé xuat 1ay 65° cho
cot pha hoai cit théng qua két qua thi nghiém ctia Anh Huy va cs. [8], d, 14 chiéu cao viing nén.

4 1 + tan%0

100 tand + P

®)

Acollapse = s
A, fyvd.tan 6

Kiém tra do chinh xac ciia m6 hinh dé xuat: duong cong luc cit — chuyén vi ngang dé xuit duoc
kiém chung bang két qua thi nghiém cua céac tac gia Anh Huy va cs. [8], Lynn [22]. Két qua kiém
chtng duoc thé hién trong Hinh 6 va Bang 2. C6 thé thiy rang sai s6 trung binh gitra dé xuat va
két qua thi nghiém cua luc cét 16n nhét (v,,mk) va do dich chuyén (A/L x 100%) twong tmg 1a 3,9%
(COV =0,08) va 13,1% (COV = 0,14).

Bang 2. Bang so sanh dudng cong luc — chuyén vi véi cac két qua thi nghiém

Do dich chuyén
Vpeak (kN) :
STT  Tac gi - Tén cdu kién : _ (BJEX 100%) @i Vyeor
Thi be Sai so Thi be Sai so
nghiém  xuét (%) nghiém Xuét (%)

L Cot pha hoai cét
1 Anh Huy va cs., C-S-H [8] 2286 2295 0,4 0,88 0,83 6,0
2 Anh Huy va cs., C-S-L [8] 1468 1494 1,7 0,718 0,785 8,5
3 Lynn, 3CLH18 [22] 227 280 18,9 1,045 0,783 33,5
4 Lynn, 3CMH18 [22] 328 329 0,3 0,916 0,831 10,2
5 Lynn, 3SLHI18 [22] 270 265 1,9 0,76 0,772 1,6
6 Lynn, 3CMDI12 [22] 356 355 0,3 1,025 0,862 18,9
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Do dich chuyén
Vpeak (kN) Y :
, A/L % 100%) tai V

STT  Téc gia - Tén chu kién : _ @ ) tal Vpeak

Thi bé  Saiso Thi bé Sai sO
nghiém  xuit (%)  nghiém  xuét (%)

Trung binh 3,9 13,1
Cov 0,08 0,14

1L Cot pha hoai udn-cit
1 Anh Huy va cs., C-FS-H [8] 2543 2663 4,5 0,75 0,638 17,6
2 Anh Huy va cs., C-FS-L [8] 1708 1688 1,2 1 0,825 21,2
3 Lynn, 2CLH18 [22] 241 240 0,4 1,921 1,419 35,4
4 Lynn, 2CLH18 [22] 306 300 2,0 0,957 0,774 23,6
5 Lynn, 2SLH18 [22] 233 230 1,3 0,896 0,634 41,3
6 Lynn, 3SMD12 [22] 367 360 1,9 1,575 1,352 16,5
Trung binh 1,9 25,9
COoVv 0,02 0,08

III  Cot pha hoai udn
1 Anh Huy va cs., C-F-H [§] 2609 2625 0,6 1,299 0,942 37,9
2 Anh Huy va cs., C-F-L [8] 2079 2158 3,7 2,997 2,048 46,3
3 Gill va cs., No. 1 [23] 696 667 4,3 0,622 0,612 1,6
4 Soesianawati va cs., No. 1 [24] 200 201 0,5 1,282 0,96 33,6
5 Watson and Park, No. 5 [25] 292 300 2,7 1,155 0,874 32,2
6 Tanaka and Park, No. 1 [26] 167 163 2,5 1,146 0,96 19.4

Trung binh 2,4 28,5
Ccov 0,03 0,12
Chu y: A 1a chuyén vi ngang; L 1a nhip chiu cét cua cot.
Chuyén vi (mm)‘ Chuyén vi (mm) N Ch(uyén vi (mr;n) )
JOO@M -32 0 32 64 30()[)[14 .32 0 32 64 40633 =59 -29 0 20 59 88
1500 4\\ 1500 200 7
£ o 7\ Z Z o « o= =
g Y > > S E,

-1500 N o 215 o 200 4 e
wo oo N B Y i
T 0 ! : =000, A 0 I 2 B O T S

B dich chuyén A/L (%) D6 dich chuyén A/L (%) D6 dich chuyén A/L(%)

(a) Anh Huy va cs., C-S-H [8] (b) Anh Huy va cs., C-S-L [8] (c) Lynn - 3CLH18 [22]
4()[_:33 -50 ngy‘ﬁng\’l (n;?)]) 59 88 40688 -59 C—';l‘l;yenﬁ\’i (ml?}]] 59 88 4”'-)?{8 -59 (flggyén()vi (n;?)]) 59 88
200 {\ 200 -

% o}« -~ g 0
= X -
-200 o e -200 ~ —Testing 2007~ ot
7 Testing esting I{islm?
-400 ) —a 400 - = bexur w00 : - D& xuat
3002 a0 1 2 3 3 02 -1 0 1 2 3 3 02 -1 0 1 2 3
Do dich chuyén A/L(%) Do dich chuyén A/L(%) P dich chuyén A/L(%)
(d) Lynn - 3CMH18 [22] () Lynn - 3SLHI8 [22] (f) Lynn - 3CMDI2 [22]

Hinh 6. Kiém tra d¢ chinh xéc ctia dudng cong luc cit - chuyén vi ngang dé xuét cho cot pha hoai cit
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3.2. Cét phd hoai uén-cit

Pudng cong luc cét - chuyén vi ngang ciia c6t BTCT pha hoai udn - cét dugc kiém soat boi kha
nang chiu uon (V,,,,). Tac gia d¢ xuat duong cong nay la bon doan thang tuyén tinh no6i cac di€ém nhu
“diém nut - crack point”, “diém cuc tri - peak point”, “diém bat dau giam luc cat - beginning of shear
degradation point”, va “diém pha hoai - collapse point”, nhu thé hién trong Hinh 7.

Lypo cat Piém cwo tri ) o )

Peak point Diém bat dau giam luc cat
"""""" Beginning of shear
degradation point

' Diém nnlrt

:CI'Ele'pomt Diém pha hoai

Collapse point

Ac A Au

peak Aco]lapse ("huyén \’i

Hinh 7. Buong cong luc cat — chuyén vi ngang dé xuét cho cot pha hoai udn-cat

Luc cét va chuyén vi tai “diém nut - crack point” va “diém cuc tri - peak point” dugc xac dinh
gidng nhu truong hop cot pha hoai cét, tuy nhién gia tri lyc cat Vpeak dugc ldy bang kha niang chiu
udn V.

“Piém bat ddu giam kha ning chiu cit - Beginning of shear degradation point” 1a diém ma kha
nang chiu cit cua coOt bat dau giam. Tai diém nay, chuyén vi ubn va chuyén vi trugt van duge tinh theo
phuong trinh (6), trong khi chuyén vi ¢t duoc xac dinh dya trén dé xuét caa Elwood & Moehle [21]
dugc thé hién trong phuong trinh (9); Trong d6 v/ fllat sO gitra (ng sudt cat trén cuong do chiu nén
cua bé tong.

3 1 v 1 P 1

Ay=—+4p— —— — —

> — 9
100 40 f, " 20 A.f. = 100 ©)

“Piém pha hoai — collapse point”: tai diém nay cot s€ bi pha hoai do lyc nén trong cot. Chuyén Vi
tai diém phé hoai (Acoiiapse) duoc xac dinh theo dé xuit cua Elwood & Moehle [21] nhu thé hién trong
phuong trinh (10); Trong d6 6 1a goc nghiéng cta vét nit, 6 duoc dé xuét 1y 45° cho cot pha hoai uén
— cét thong qua thi nghiém ctia Anh Huy va cs. [8]; d. 1a chiéu cao vung nén. Luc cit tai diém pha
hoai dugc xem nhu bang 0.

4 1 + tan’6
Acoliapse = —— 10
ollapse 100 ang + P s ( )
A, fyvd. tan 0

Kiém tra d6 chinh xac cia mo hinh dé xuit: duong cong luc cit — chuyén vi ngang dé xuét duoc
kiém chimg bang két qua thi nghiém ctia cac tac gia Anh Huy va cs. [8] va Lynn [22]. Két qua kiém
chtng duoc thé hién trong Hinh 8 va Bang 2. C6 thé thiy rang sai sd trung binh gitra dé xuat va

A
két qua thi nghiém cua luc cét 16n nhit ( peak) va do dich chuyén (E X 100%) tuong ung 1a 1,9%
(COoV =0,02) va 25,9% (COV = 0,08).
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Chuyén vi(mm)
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1500 S
—_ ~
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2 0 *
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Y
-1500 . -
~ 4 *Testmg
N LY P
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-3000 .
-4 -2 0 2 4

D9 dich chuyén A/L(%)

(a) Anh Huy va cs., C-FS-H [8]

Chuyén vi (mm)

-177 -89 0 89 177
400
200
£ o
-
=2
200 —Testing
= De xuat
-400
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Do dich chuyén A/L(%)

(d) Lynn - 2CLH18 [22]

8

Chuyén vi (mm)
-64 -32 0
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1500

V(kN)
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-3000 ,

Do dich chuyén A/L (%)

(b) Anh Huy va cs., C-FS-L [8]

Chuyén vi (mm)
-177 -89 0 89
400

177

V(kN)

—Testing

= Pé xuat

-6 -3 0 3 6
B dich chuyén A/L(%)

(e) Lynn - 2SLH18 [22]

32 64

1 0 1 2
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400
200 = R
—_ [N
; ~
é 0~ ™
= .
2
200 ~Testing
= Pe xuat
-400 . .
-6 -3 0 ) 3 6
B¢ dich chuyén A/L(%)
(¢) Lynn - 2CLHI8 [22]
Chuyén vi (mm)
-88 -44 0 44 88
400 -
AN
200
z
2 of A
- \
) A
200 A Testing
=1 = bé xuat
-400 : .
=3 -1.5 0 1.5 3

B6 dich chuyén A/L(%)
(f) Lynn - 3SMDI12 [22]

Hinh 8. Kiém tra d6 chinh x4c cua duong cong luc cét — chuyén vi ngang dé xuit cho c¢ot pha hoai cit-ubn

3.3. Cot phd hogi uon

Pudng cong luc cit - chuyén vi ngang ciia cot pha hoai udn dugc kiém soat boi chuyén vi véi gia
tri lyc cét 16n nhat dugc 1iy bang kha nang chiu uén cua cot (V,,,). Tac gia dé xuat duong cong luc
— chuyén vi cho cot pha hoai udn duoc xay dung bing cic doan thing tuyén tinh ndi cac diém nhu
“diém nut - crack point”, “diém cuec tri - peak point”, “diém bét dau giam lyc cit - beginning of shear
degradation point”, va “diém luc cat giam 20% - 20% reduction point”, nhu thé hién trong Hinh 9.

Lyc cat Diém bt du giam lue cit
! Diém cuc tri Beginning of shear
v Peak point ~ degradation point
peak ————— " "
Vo T T o | Diém giam 20%
| : 1 20% reduction point
Ver | o
“ae A N A .
' peak ' ' Chuyén vi

Hinh 9. Pudng cong luc cit — chuyén vi ngang dé xuat cho cot pha hoai uén

Tai “Diém nut - crack point” va “diém cuc tri - peak point”, luc cat va chuyén vi dugc xac dinh

tuong tu nhu trudng hop cot bi pha hoai udn-cit.

“Piém bét dau giam lyc cét - Beginning of shear degradation”: gia tri lyc ct tai diém nay dugc

liy bang V ea, chuyén vi tai diém nay A, dugc xéc dinh theo tiéu chuan ASCE/SEI 41-17 [6].
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“Piém giam 20% luc cat — 20% reduction point”: chuyén vi tai diém nay duoc xac dinh bang
phuong trinh (11) do Zhu [27] d& xuét. Luc cit duoc ldy bang 80% Vpeak-

Au 1% 14
A 0,049 + 07160 + 0,122 _ 00425 — 0,07

L I d Agfl

)

Kiém tra 6 chinh x4c ctia md hinh dé xuét: duong cong luc cit - chuyén vi ngang dé xuét duoc
kiém chtng bang két qua thi nghiém cua céc tac gia Anh Huy va cs. [8], Gill va cs. [23], Soesianawati
va cs. [24], Watson & Park [25], Tanaka & Park [26]. Két qua kiém chung duoc thé hién trong Hinh 9
va Bang 2. C6 thé thy rang sai sd trung binh gitta dé& xut va két qua thi nghiém cua luc cit 16n nhat

(A
(Vpear) va d0 dich chuyén (E x 100%) tuong tmg 1a 2,4% (0,03) va 28,5% (COV = 0,12).

Chuyén vi (mm) Chuyén vi (mm) Chuyén vi (mm)
128 -64 0 64 128 128 -64 0 64 128 24 -12 0 12 24
3000 3000 ~ 800 -
4’) -~ -, ,T‘f/ 3 )
1500 1500 % 400 I/ & /
— . | —_ p 1/ /
—:‘Z: 0 é 0 g é 0 S
= =3 - //%//
Um._ = —Testing 1500 ) / —Testing 400 /’ Testing
- P& xudt -~ L - Pé xudt b ezl - P xuit
-3000 -3000 -800
-4 2 0 2 4 -4 2 0 2 4 -2 -1 0 1 2
D6 dich chuyén A/L(%) Do dich chuyén A/L(%) P& dich chuyén A/L(%)
(a) Anh Huy va cs., C-F-L [8] (b) Anh Huy va cs., C-F-H [8] (c) Gill va cs., No. 1 [23]
Chuyén vi (mm) Chuyéll vi (mm) Chuyén vi (mm)
-128  -64 0 64 128 -48 24 0 24 48 -128 -64 0 64 128
300 400 200
150 3 200 100 == ] ~
—_— ' — —_ /
= - > .
- -200 & : -
150 ~Testing =5 Testing 100 = Testing
- Pé xuat = D¢ xuat = Deé xuat
2300 -400 =200
-8 4 0 4 8 -3 -1.5 0 1.5 3 -8 -4 0 4 8
D dich chuyén A/L(%) D¢ dich chuyén A/L(%) D dich chuyén A/L(%)
(d) Soesianawati va cs., No. 1 [24] (e) Watson and Park, No. 5 [25] (f) Tanaka and Park, No. 1 [26]

Hinh 10. Kiém tra duong cong luc cét- chuyén vi ngang dé xut cho c¢ot pha hoai uén

C6 thé thdy rang duong cong luc cit - chuyén vi ngang dé xut c6 két qua kha phu hop vai cac sb
liéu thi nghiém cua céac tac gia nhu Anh Huy va cs. [8], Lynn [22], Gill va cs. [23], Soesianawati va
cs. [24], Watson & Park [25], Tanaka & Park [26]. Cac thi nghi¢m nay dugc thye hién cho c6t BTCT
¢6 6 manh trung binh va bé, do vay do chinh xac ciia dudng cong luc cit - chuyén vi ngang dé xudt
chua duoc kiém chimg cho cot ¢ do manh 16n (46 manh A = lly/i > 120, véi [ 1a chiéu dai tinh toan
clia cot, i 1a ban kinh quan tinh cua tiét dién) [4]. Vi cot c6 do manh 16n, hiéu img P — A 1a dang ké.
Diéu nay c6 thé anh huong dén tng xtr ctia cot, va 1am thay ddi quy luat cia duong cong luc cit -
chuyén vi ngang. Cac dudng cong luc cit — chuyén vi ngang dé xuét duoc ké thira tir cac d& xuit ciia
ASCE/SEI 41-17 [6], Sezen & Moehle [7], Li & Hwang [18], Sezen & Setzler [19], Park & Paulay
[20], Elwood & Moehle [21], Zhu [27], ddng thoi bai bao dd c6 nhing kién nghi diéu chinh dé cac
dudng cong dé xuit phu hop hon véi cac két qua thuc nghiém dya trén phuong phép ldp va héi quy
thong qua code trén Matlab.
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4. Két luan

Thong qua cac d& xuét tinh toan luc cit va chuyén vi ngang cia tiéu chuin ASCE/SEI 41-17 [6],
va cong thirc ciia mot sé tac gia nhu: Sezen & Moehle [7], Li & Hwang [18], Sezen & Setzler [19],
Park & Paulay [20], Elwood & Moehle [21], Zhu [27], bai bao di d& xuat cach xay dung duong cong
quan hé luc cit - chuyén vi ngang cho cdt BTCT chiu tai trong lap v6i cac ndi dung sau:

- Puong cong quan hé lyc cit - chuyén vi ngang ap dung cho c6t BTCT pha hoai cat duoc xay
dung dua trén cac doan thfmg tuyén tinh ndi cac diém sau: diém nut - crack point (V,, Acr), diém cuc
trj - peak point (Vpeak, Apgak), diém pha hoai - collapse point (0, Acollapse)-

- Puong cong quan hé lyc cit — chuyén vi ngang ap dung cho cot BTCT pha hoai udn-cit dugc
xay dung dua trén cac doan thfmg tuyén tinh ndi cac diém sau: diém nut - crack point (V¢, Asr), diém
cuc tri - peak point (Vpeak, Apeak), diém bat dau giam luc cét - begin of shear degradation (Viax, Ay),
diém pha hoai - collapse point (0, Acoiiapse)-

- Pudng cong quan hé lyc cit — chuyén vi ngang ap dung cho cot BTCT pha hoai uén dugc xiy
dung dya trén cac doan théng tuyén tinh ndi cac diém sau: diém nut - crack point (V,, Acr), diém cuc
tri - peak point (mek, Apmk), diém bit dau giam lyc ct - beginning of shear degradation (Vpeak, A,,),
diém giam 20% - 20% reduction point (0,8V peqar, Ay).

- Két qua kiém chimg ctia dudng cong luc cit - chuyén vi ngang dé xuat kha phu hop véi cac két
qua thi nghiém cta mot s tac gia da néu trong bai bao cho cac trudng hop pha hoai cit, ubn - cit, va
ubn.

- Puong cong lyc cét - chuyén vi ngang dé xuat 1a mot cong cu hitu ich ding cho cong tac thiét
ké hodc gia cb cot bé tong cdt thép.

Han ché ciia duong cong luc cit - chuyén vi ngang dé xuat 14 chi duoc ap dung cho c6t BTCT ¢
tiét dién chit nhat véi do manh bé va trung binh. Cot BTCT ¢ tiét dién tron, hogc tiét dién khac, hodc
¢6 @6 manh 16n thi can c6 nghién ciru thém dé dé xuat cong thirc tinh toan phu hop.
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Phu luc. Tém tit cic thong tin cic ciu ki¢n thi nghiém sir dung dé so sanh trong bai bao

. ) Kich thu6c hinh hoc Cbt doc C6t dai
STT Tén cau kién - Tac gia [ (MPa)
H (mm) b (mm) & (mm) fy MPa) p; (%) f, (MPa) p, (%)
1 Anh Huy va cs., C-S-H [8] 3000 800 800 40,0 473 2,97 398 0,11
2 Anh Huy vacs., C-S-L [8] 3000 800 800 43,0 473 2,97 398 0,02
3 Anh Huy va cs., C-FS-H [8] 3000 800 800 43,0 473 2,97 473 0,30
4 Anh Huy va cs., C-FS-L [8] 3000 800 800 41,0 473 2,97 398 0,13
5  Anh Huy va cs., C-F-H [8] 3000 800 800 44,0 473 2,97 467 0,82
6  Anh Huy va cs., C-F-L [8] 3000 800 800 43,0 473 2,97 470 0,42
7 Lynn, 3CLH18 [22] 2946 475 475 26,9 400 3,03 331 0,07
8  Lynn, 3CMHI18 [22] 2946 475 475 27,6 400 3,03 331 0,07
9  Lynn, 3SLH18 [22] 2946 475 475 33,1 400 1,94 331 0,07
10 Lynn, 3CMD12 [22] 2946 475 475 27,6 400 3,03 331 0,07
11 Lynn, 2CLH18 [22] 2946 475 475 33,1 400 1,94 331 0,07
12 Lynn, 2CMH18 [22] 2946 475 475 25,5 400 1,94 331 0,07
13 Lynn, 2SLHI18 [22] 2946 475 475 33,1 400 1,94 331 0,07
14 Lynn, 3SMD12 [22] 2946 475 475 25,5 400 3,03 331 0,07
15 Gill vacs., No. 1 [23] 2400 550 550 23,1 297 1,79 375 1,50
16  Soesianawati va cs., No. 1 [24] 3200 400 400 46,5 364 1,51 446 0,90
17  Watson and Park, No. 5 [25] 3200 400 400 41,0 372 1,51 474 0,70
18 Tanaka and Park, No. 1 [26] 3200 400 400 25,6 333 1,57 474 2,50
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