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Xac dinh d0 bén nén 1éch tim phing
cua cot be tong cot thép co sir dung tro bay

Sykhampha Vongchith, Nguyén Truomg Thing"
Truong Pai hoc Xay dung Ha Noi
Ngay nhédn bai 18/6/2021; ngay chuyén phan bién 25/6/2021; ngay nhan phan bién 29/7/2021; ngay chip nhan dang 2/8/2021

Tom tit:

Tro bay la mdt loai san phidm duw, sinh ra tir viéc dot than d4 trong cac nha may nhiét dién, c6 tinh chat vat Iy va
thanh phan héa hoc phit hop dé tai sir dung nhu mét loai phu gia khoing min trong sin xuét bé tong nhim giam
lwgng ding xi ming t6i 25% va ting tinh cong tic cia bé tong. Tuy nhién, anh huéng bt lgi ciia tro bay dén kha
niing chiu lwc ciia ciu kién bé tong c6t thép (BTCT) chwa dwoc dé cip téi trong tiéu chuin thiét ké két cAu BTCT
hién hanh. Do vy, bai bao nay trinh bay cach xac dinh do bén nén trong mit phing ciia mét loai két ciu co ban la
¢ot BTCT c6 hrgng tro bay thay thé xi miing 13 20% theo mét sé buwéc nghién ciru nhu sau: (i) Khao sat thwe nghiém
trén 8 miu cét BTCT; (i) Poi chirng két qua thwe nghiém véi cac tiéu chuin thiét ké Eurocode 2, ACI 318-19 va
TCVN 5574:2018; (iii) P& xuét phwong phap hiéu chinh don gian cho TCVN 5574:2018 dé ¢6 thé md phong dwoc sy

suy giam va dw bao chinh xac dd bén nén léch tim phing cia cot BTCT c6 sir dung tro bay.

Tir khéa: bé tong cot thép, cot, dd bén, 1éch tim, tro bay.

Chi s6 phén loai: 2.1

Md dau

Trén thé gidi va tai Viét Nam trong thoi gian gan day,
cac vat licu phé thai cong nghiép nhu tro bay, xi 10 cao,
mudi silica... dugc quan tim dau tu nghién ciru va tai sur
dung trong cong nghiép san xuit bé tong, vira giup giam
chi phi thu gom, xir Iy cho cdc nha méy, vira han ché hiéu
ng nha kinh do giam dugc luong khi CO, tir cong nghiép
san xuat xi mang [1-4]. Trong s0 do, tro bay (Fly ash - FA)
duogc tao ra tu qua trinh dbt chay nhién li€u than cta cac nha
may nhi¢t dién véi nhiét do 1€n tdi 1500°C. Bay 1la mot vat
liéu ¢6 mot sb thanh phén héa hoc tuong ty nhu xi mang
Portland (Ordinary portland cement - OPC), véi cdu triic
hinh thai c6 dang hinh cau va kich thude hat rit min [4]. Do
vay, tro bay co thé dugce st dung nhu mot loai phu gia nham
vira giam luong xi mang, vira cai thién tinh cong tac ctuia bé
tong nhu ting do sut, han ché su phan ting, giam hiéu ung
nhiét thay hoa xi mang... Mot s6 nha khoa hoc trong nudc
da nghién ctu anh hudng cua tro bay, silicafume va moi
truong dudng ho dén cuong do chiu nén cua bé tong c6 ham
luong tro bay thay thé xi mang la 20% [5, 6] va anh huong
cua tro bay thay thé mot phan xi mang dén tinh chit cia bé
tong thwong phdm [7]. Tuy nhién, cic nghién ctru ndy moi
dung lai & mtc do vat liéu. Tro bay cling da dugc nghién
ctru nhdm thay thé hoan toan xi mang (100% FA/OPC) lam
chat két dinh, két hop vé6i cac chat hoat hoa phu hop dé tao
ra loai bé tong geo-polymer c6 cuong d6 mau try trung binh
dat t61 50 MPa va dugc nghién ctru 4p dung cho két cAu chiju
udn [8]. Mot s6 tai liéu ky thuat [4-6] quy dinh lugng phu
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gia tro bay khong duoc vuot qua 25% khdi lugng xi miang
trong cip phdi. V&i quan niém tro bay chi duoc sir dung
nhu mat loai phu gia, trong thuc té clu kién BTCT st dung
bé tong tro bay van dugc tinh toan twong ty nhu di véi bé
tong thong thuong. Tuy nhién, mot lugng dang ké tro bay
thay thé xi ming co thé 1am anh huong t6i tinh chit co 1y
ctia bé tong, dan toi 1am thay d6i kha nang chiu luc cia cau
kién. Do véan dé nay chua dugc dé cap tdi trong cac nghién
clru da ¢6 va tiéu chuan thiét k& hién hanh [9-15], trong bai
bao nay, cac tac gia da thuc hién mot chuong trinh nghién
ctru theo cac bude nhu sau: (i) Ché tao va thi nghiém 8 miu
¢ot BTCT c6 cudng do trung binh mau tru 1a 30 MPa, c6
lwong xi mang dugc thay thé bang tro bay 1a 20%, nham
khao sat anh hudéng cua do I¢éch tam theo mdt phuong t6i
kha ning chiu luc, hay con goi 1a d6 bén nén léch tim phing
cua cot; (ii) Kiém chimg két qua thi nghiém thu dugc bang
tiéu chuan thiét ké két cdu BTCT hién hanh nhu Eurocode 2
(EC2)[13], ACI 318-19 [14] va TCVN 5574:2018 [15]; (iii)
Nhan xét va dé xudt vé viéc hiéu chinh TCVN 5574:2018 dé
¢6 thé xac dinh dwoc chinh x4c do bén nén trong mat phing
cua cOt BTCT st dung bé tong tro bay.

Nghién ciu thuc nghiém trén cic mau cdt chiu nén udn
trong mat phang

Vit liéu bé tong tro bay

Céc vat liéu sir dung trong ché tao bé tong tro bay trong
nghién ctru nady gom co: (i) Tro bay c6 khoi lugng riéng 1a
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Abstract:

As a by-product from coal burning of thermal power
plants, fly ash has appropriate physical properties and
chemical composition that can be utilised for the concrete
industry, in a form of a fine-mineral additive to reduce
cement up to 25% by mass and to enhance the workability
of concrete. However, the negative effect of fly ash on the
strength of reinforced concrete (RC) members has not
been considered in current design provisions. Hence,
the determination of uni-axial bending resistance of a
basic member - RC column - having 20% cement weight
replaced by fly ash is presented in this paper in the
following research steps: (i) Experimental investigation
on a number of 8 RC column specimens; (ii) Validation
of test results with a number of code provisions including
Eurocode 2, ACI 318-19, and TCVN 5574:2018; and (iii)
Proposal of a simplified justification approach for TCVN
5574:2018 to be capable of modelling the reduction and
predicting the uni-axial bending resistance of reinforced
fly ash concrete columns.

Keywords: column, eccentricity, fly ash, reinforced
concrete, resistance

Classification number: 2.1

1,80 g/cm’, ham lugng mat mat khi nung 1a 0,47, d0 min
cta Blaine la 2154 cm*/g, ham lugng SiO,+Al,0,+Fe O, 1a
79,25% va CaO 1a 5,49%; (ii) Xi mang Portland PCB30 cua
Cong ty Xi mang Vicem Hoang Thach, khdi luong riéng
3,10 g/em?; (iii) COt liéu nho (cat thién nhién) va cbt lidu
16n (da dam) tudn theo cic yéu cau k¥ thuat hién hanh. Cat
thién nhién c6 kich thudc hat 16n nhét 1a 5 mm tir séng Lo
(tinh Phit Tho), ¢6 khdi lwong riéng 2,64 g/cm’. P4 dam c6
kich thudc hat 16n nhit 1a 20 mm dugc khai thac tai tinh Ha
Nam, khéi luong riéng 2,69 g/cm?. Cap phéi bé tong cho thi
nghiém vat liéu dugc trinh bay ¢ bang 1.
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Bang 1. Cap phdi bé téng cho thi nghiém vat liéu.

Ham lwong Xi ming a ba .
Cipph§i  trobaythay thé PCB30 (Tk“’)bay g:“) diim (li“;'“
xi miing (kg) ¢ ¥ ko ¢
MS-30-00 0% 380 0 760 1140 205
MS-3020  20% 304 76 760 1140 205

Cip phdi dbi ching cua bé tong thuong (MS-30-00)
duoc su dung véi lugng xi mang la 380 kg, khong co tro
bay va khbi luong cac vat ligu gitr nguyén nhu ¢ bang 1.
Ket qua thi nghiém vé quan hé tng suét - bién dang cua 2
cap phbi MS-30-00 va MS-30-20 duoc biéu dién & hinh 1.
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Hinh 1. Két qua thi nghiém vat liéu.

Két qua thi nghiém & hinh 1 cho thay, v6i luong tro bay
thay thé xi mang 1a 20%, bé tong MS-30-20 c6 cudng do
chiu nén tuong duong vadi bé tong thuong MS-30-00, nhung
¢6 su suy giam vé mo dun dan hodi ciing nhu thay doi vé cac
gia tri bién dang tai ing sudt 16n nhat va bién dang cuc han.

Mau thi nghi¢m cét BTCT sir dung tro bay

Trong chuong trinh thi nghiém nay, 8 mau cot BTCT
dugc chia thanh 3 nhom: (i) Nhom thtr nhat gdm 2 miu
cot giéng nhau, ky hi¢u C-30-00-1 va C-30-00-2, chiu nén
dung tam trong thi nghiém (d6 léch tim tinh hoc bang 0);
(ii) Nhom thi hai gdm 3 miu cot giéng nhau, ky hiéu C-30-
40-1, C-30-40-2 va C-30-40-3. Trong thi nghiém, cic mau
cot déu chiu nén léch tam phang voi do léch tim tinh hoc
e, =40 mmy; (iii) Nhom thir 3 gbém ba miu cot gidng nhau, 1\(}'7
hiéu C-30-80-1, C-30-80-2 va C-30-80-3. Cac mau cot déu
chiu nén Iéch tam phéng trong thi nghi€ém voi d 1éch tam
tinh hoc la 80 mm.

Do sd luong bo cép pha dinh hinh cho ¢t ¢6 han, 5 mau
trong nhom C-30-00 va C-30-40 dugc dtc cung mét dot,
kém theo d6 1a 12 mau 1ap phuong canh 150 mm va 9 mau
tru bé tong co duong kinh 150 mm, chiéu cao 300 mm dé
phuc vu céc thi nghiém xac dinh cuong dg vat liéu. Nhom
C-30-80 gdm 3 mau thir cot ciing voi cac mau thir vat lidu
dugc dic ¢ 1an th hai, sau khi d& ¢dp pha cua hai nhom cot
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trén. Ca hai dot d6 bé tong déu sir dung cap phdi bé tong
MS-30-20.

V6i thong sé nghién ctru chinh 14 d6 1éch tam phéng, ca
8 mau cot dugc thiét ké gidng nhau véi mit cit ngang cot
hinh chit nhat c6 kich thudc bxA=150x200 (mm), chiéu cao
cot la /=1600 mm. Trong doan 150 mm tur hai dau, cot duoc
md rong voi tiét dién 150x400 (mm) nhim tao ra do 1éch
tam phang trong mit phang uén song song véi canh 4=200
mm cua tiét dién (hinh 2).
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Hinh 2. Chi tiét mau cét thi nghiém.

Cot thép doc chiu lyc chinh cua cot 1a 4®14 loai
CB400-V c6 cuong d6 trung binh thu duoc tur thi nghiém
kéo thép la R =365,298 MPa va cuong do dac trung la
f=362,617 MPa. Cét thép dai cta cot st dung duong kinh
6 mm véi cuong do chiu kéo trung binh 1a 379,613 MPa,
khoéng céach giita cac cbt dai 1a 100 mm. L6p bé tong bao vé
cdt thép doc 1a 20 mm. Hai dau cot dugc gia cuong boi cac
¢bt thép va ban thép nham tranh sy pha hoai cuc bd trong
qua trinh thi nghi¢m.

Bo tri hé thong thi nghiém va quy trinh thi nghiém

Hinh 3 thé hién viéc bb tri hé thong thi nghiém dé xac
dinh do bén cua cac mau cot khi chiu tac dung cta lyc nén
doc truc véi cac do 1éch tam khac nhau, voi cac thiét bi nhu
sau: (i) Tai trong nén doc truc dugc tac dung bang may nén
thiy luc ciia LB Nga c6 kha niang nén tbi da 1a 5000 kN. Gia
tri lyc nén duge do bang thiét bi do luc (load-cell) dit trén
dau cot; (i1) Chuyén vi doc truc cua cdt duoc do bﬁng 4 thiét
bi do chuyén vi (Linear variable displacement transducer -
LVDT) duoc lép dat trén ca bén mit cua tiét dién ngang tai
khu vyc giita cot, voi khoang do 1a 100 mm; (iii) Chuyén
vi ngang duoc do bang 2 LVDT tai vi tri cach hai dau cot
150 mm va 1 LVDT tai chinh giira c¢4t, voi khoang do 1a 100
mm; (iv) Bién dang trong bé tong va cdt thép tai chinh gitra
¢t duge do bang cac tem dién trd (strain gauges) twong
ung. Tét ca cac thiét bi trén duoc két ndi véi bo thu thap

TAP CHI

HOA HOC

ONG NGHE /It Nam 64(3) 3.2022

va xir Iy s6 lidu Data-logger TDS-530 va may tinh dé ghi
lai cac s6 do vé luc va chuyén vi. Trong thi nghiém, miu
cot dugc cau tao gbi lién két khép tai hai dau thong qua hai
thanh thép tron dudng kinh 60 mm dugc han vao tim thép
dau may nén (¢ phia trén dau cot) va tim thép bé may nén (¢
phia dudi chan c6t). Ban thép day 15 mm dugc han voi ban
thep s6 7 (hinh 2) dé gia cuong thém tai hai dau cot va dugc
cAu tao han thém hai go thép v6i khe hé nho dé cé thé vira
ty vao thanh thép tron D60, vira chéng cho dau cot khong
bi truot ngang. Tai lién két nay, st dung mg boi tron co khi
dé cot co thé xoay tw do trong mat phang ubn song song voi
canh h cua tiét dién cot. Vi tri cua lién két c6 thé dugc thay
ddi dé tao ra cac do léch tam e , khéac nhau ~glua truc cua luc
doc tir may nén thuy luc so voi truc cia mau cét (hinh 3).

Lwc doc tr may
nén thay lyc
Tam thé
dau may nén
Ban thép
dau cot

. Miynén

=

Loadcell

| B diéu khién
mav nén

Thép tron D60

Do léch tam e

LVDT doc

Truc cét

1600
1630

LVDT ngang o’ Y 100 [ 100
May tinh Truyc cla lwc doc

tlr may nén thay lyc

Thép tron D60

Data-logger |
TDS-530

bé may nén

Hinh 3. B6 tri hé théng thi nghiém.

Trong thi nghiém trén, cic mau cot duoc tién hanh tai
Phong Thi nghiém va Kiém dinh cong trinh LAS XD-125,
Truong DPai hoc Xay dung Ha Noi, voi quy trinh gdm cac
bude: (i) Bude 1: gia tai thir va ghi s6 liéu tir cdp 0. Gia tai
thir voi tai trong bang voi cap tai dau tién 1a 10 kN tro 1én,
kiém tra sy lam viéc ciia mo hinh thi nghiém va céac dung
cu do. Khi xac dinh duogc trang thai lam vi¢c binh thuong,
ha tai vé 0 (hodc theo hudng din tai phong thi nghiém).
Ghi chép sb liéu ban dau trén cac dung cu do; (ii) Budce 2:
tién hanh gia tai tmg cap tai trong khoang 5% gia tri du
bao kha nang chiu luc cta cdt. Luu sb lidu trén cac dung
cu do ¢ tung cép tai trong; (iil) Bude 3: khi gia tri lyc doc
tac dung 1én ¢t khong ting duoc nita va xuat hién pha hoai
cua bé tong vung nén cdt, luu lai sb liéu vé luc doc 1én nhét
va chuyén vi twong ng. Sau d6 tién hanh ha tai thi nghiém
theo tirng cap tai co gia tri khong vuot qua 10% gia tri tai
trong thi nghiém.

Két qud thi nghiém

Két qua thi nghiém do duoc & budc 3 vé kha ning
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chiu luc 10’n nhat N, va do vong ngang A, - tuong Ung
cia m&i mau cot duoc biéu dién trong bang 2. Bg léch
tam ban diu e, dugc xac dinh bzing tong cua do léch tam
tinh hoc e, va do I¢éch tdm ngau nhién e =max(L /600;
h /30; 10)—max(1630/600 200/30,10)=10 mm. Nhu vay, gia
tr1 e, cua 3 nhom cot C-30-00, C-30-40 va C-30-80 lan luot
la 10 50 va 90 mm. Tir d6 co thé xac dinh gié trj thi nghiém
cuamo men la M =N, (e, +A,).

Bang 2. Két qua thi nghiém cét.

Nhom C-30-00 (¢,=0)  C-30-40 (¢,=40 mm) C-30-80 (¢,=80 mm)
Miu No.1 No.2 No.l No.2 No. 3 No. 1 No.2 No.3
N, (kN) 738,9 756,19 446,15 43490 447,89 301,96 291,83 293,39

A, (mm) 439 360 646 6,57 6,95 9,77 9,01 10,55

M, (kNm) 10,635 10,288 25,191 24,601 25505 30,127 28,850 29,499

Hinh 4 minh hoa dang phé hoai cta cac mau cot dai dién
ctia 3 nhom mau. C6 thé théy, cOt thi nghiém bi nén udn va
c6 d6 vong ngang 16n nhit tai gitra cot. Tai tiét dién gitra
cot, ¢t thép ving kéo dat tdi bién dang chay, bé tong ving
nén bi nén v va xuit hién nhiéu vét nut tai bé tong vung
kéo. Day la dang pha hoai dién hinh khi cic phan t6 bé tong
& ving nén va cdt thép chiu kéo dat t6i cac cuong do twong
ung cua chiing tai trang thai gioi han.

Bé tong viing
nén bi nén vé

viing bé tng
chiun kéo

Hinh 4. Dang pha hoai ctia cac mau cét.
Kiém chiing két qua thi nghiém véi cac tiéu chudn thiét ké
hién hanh

Si dung tiéu chuin EC2 va ACI 318-19

Két qua thi nghiém tai 28 ngay tudi trén 3 vién mau try
dugc dac cung voi cac ¢t cua dot thi nhét (nhém C-30-00
va C-30-40) cho cudng d¢ chiu nén thiét ké 1a £ =24,613
MPa. V6i dot thi hai (nhom cot C-30-80), f =24,386 MPa.

Nguyén tic phan tich kha nang chiu luc cta tiét dién cot
thi nghiém theo céc tiéu chuan EC2 va ACI 318-19 dugc thé
hién trén hinh 5.
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Hinh 5. Phan tich kha nang chiu lwc cua cét theo EC2 va ACI.

Hinh 5B cho théy, c4c tiéu chuan EC2 [13] vaACI 318-19
[14] déu duya trén gia thiét tiét dién phang, véi mot gid tri
bién dang t6i han ciia bé tong thd chiu nén ngoai cing 1a €,
Trén hinh 5C, vung bé tong chiu nén hinh chlt nhat c6 chiéu
cao quy doi 1a Be, voi ¢ 1a khoang cach tir truc trung hoa toi
mép chiu nén cua tiét dién, g suét trong bé tong ving nén
duoc coi l1a phan bd déu voi gia tri 0. Gid tri cua cac tham
s6 néu trén duge cac tiéu chuan quy dinh nhu trong bang 3.

Bang 3. Cac hé sé quy dinh trong tiéu chuan EC2 va ACI 318-19.

Tiéu chuan ¢ p 4
au

ou

p=0,8 khi f,<50 MPa o, =nf,,voi n=1,0 khi f <50 MPa

EC2 00035 Khi £,>50 MPa Khi f,>50 MPa
0.8/ -50)/400<1,0 7E1-(f50)/200<1,0
f=1,09-0,008f"

ACI318-1 Ve

CI3IBI9 00030 (o o6 0, 085",

Nhu vay, kha nang chiu luc ctua tiét dién cot co thé duoc
xac dinh nhu sau:

+2F (1)

M =F,,(0.5h-05f) + 2. Fy(0.5h-d;) )
trong d6, hop luc tng suét trong bé tong ving nén la
F =c_(bfc); hop luc cua Ung suat trong cdt thép la
F,_A_F ;ung sudt trong c¢dt thép chiu nén trong ving nén
/., trong cdt thép chiu kéo /., trong cdt thép chiu nén trong
vung bi nén it f,  duoc xac dinh th6ng qua cic bién dang

tuong img ¢ _, € , &, va quan h¢ ung suét - bién dang cua vat

Kl

lidu ot thép; d la khoang cach tir mép chiu nén ngoai cung
cua tiét dién t6i trong tm cua cac 16p ¢t thép (hinh 5).

Céc tac gia st dung cong cu bang tinh Spreadsheet trén
nguyén tac thr dan va chon lai mot gia tri ¢ sao cho N=N,
theo biéu thirc (1), tir d6 thay ¢ twong tmg vao biéu thirc (2)
dé tinh kha nang chiu luc M cua tiét dién cot. Két qua tinh
toan ap dung theo tiéu chuan EC2 va ACI tuong tng 1a M e
vaM

.y V& duge biéu dien ¢ bang 4.
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Bang 4. Kidm ching két qua thi nghiém theo tiéu chuan EC2
va ACl.

Nhém C-30-00 (¢,=0)  C-30-40 (¢,=40 mm) C-30-80 (¢,=80 mm)
Miu No.1 No.2 No.l No.2 No.3  Nol No.2  No.3
N (kN) 7389 756,19 446,15 43490 44789 30196 291,83 29339
EC2:c(mm) 203,70 208,20 13380 131,60 13416 10480 101,30 101,90
EC2:x(mm) 163,50 166,60 107,00 10530 10730 83,80 81,00 81,50
M, (kN) 1580 1470 2870 29,10 2870 32,20 3200 32,10
ACL ¢ (mm) 203,70 2000 12740 12515 127,70 98,60 95,30 9590
ACLx(mm) 166,30 170,00 108,30 106,40 108,50 83,80 81,00 81,50
M, (kN) 1580 1460 2900 2930 2890 32,20 32,00 32,00

St dung tiéu chuin TCVN 5574:2018

Cuong d6 tinh toan tai 28 ngay tudi thi nghiém trén 3
mau 1ap phuong canh a=150 mm dugc duc cling voi cac
cot nhom C-30-00 va C-30-40 la R, =22,829 MPa. Tuong tu
nhu vy, cuong do tinh toan ap dung cho mau C-30-80 la
R,=22,578 MPa. M6 dun dan hdi xac dinh tir thi nghiém cua
be tong la E£,=20332 MPa va cua cdt thép 1a E =205 GPa.
H¢ s0 gioi han chiéu cao ving bé téng chiu nén Ia ¢.=0,531.

Nguyén tic phén tich kha nang chiu luc cta tiét dién
cOt thi nghiém theo phuong phap néi luc gidi han cua tiéu
chuan TCVN 5574:2018 dugc thé hién & hinh 6.
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Hinh 6. Phan tich theo phwong phap néi lwc gi¢i han cua
TCVN 5574:2018.

TCVN 5574:2018 [12, 15] quy dinh phuong phép noi
luc giéi han co thé duogc sir dung cho cac cdu kién co tiét
dién chit nhat. Pdi voi cot BTCT, tiéu chuin thiét ké nay
phan biét hai truong hop 1éch tam:

- Truong hop 1€ch tam 16n (LTL): khi chiéu cao viing nén
quy déi X< h,, tng suét o, trong cbt thép A, dat t61 cudng
dd chiu kéo R, su phéd hoai déo xay ratai trang thai gidi han.
Can cur vao luc doc pha hoai thu dugc tur thi nghiém, gia tri
ctia x duge xac dinh tir diéu kién can bé“mg tinh hoc cac luc
1én truc cot:

_N+RA, -R A
Rpb

)

Trong truong hop dat thép déi ximg 4 A vaR=R ,
biéu thirc (3) cho thiy diéu kién xay ra LTL c6 thé duoc dleu
chinh nhu sau:
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a,=——-27*x
n Rbbho §R

4
- Truimg hop léch tdm bé (LTB): khi x>& h , tmg suét o,
trong cot thép A, co thé 1a kéo hodc nén va duoc phén bd phu
thudc vao chleu cao Vung nén quy doi x: o =R tai x<§Rh »
o =R_ tai x>h, va phan b theo duong thang giita hai diém
nay (hlnh 6B) Tai trang thai gidi han, sy pha hoai bat dau
tir mép bé tong chiu nén nhiéu hon (pha hoai gidon). Twong
tu nhu trén, gia tri cia x dugc xac dinh nhu sau:
— a, (1 3 §R)+2as§R h voi :M
1-&p+2a, S Rybhy

)

Kha ning chiu luc cta cot duge xac dinh tir didu kién
can bang m6 men vai trong tdm cot thép A4

[Ne]= Rybx(hy - 0,5x) + Ry Az, véi e=ne,+0,5z;,  (6A)

M =[Nney]= Rybx(hy - 0,5x)+ (R, A4

-0,5N)z, (6B)

scts

Ap dung cac biéu thirc (3) d&én (6), d6 bén céac cot thi
nghiém xac dinh theo phuong phap ndi lyc gidi han cua
TCVN 5574:2018 dugc trinh bay trong bang 5.

Bang 5. Tinh toan kha ning chiu lwc ctia cot theo tiéu chuan
TCVN 5574:2018.

Nhém C-30-00 (¢,=0)  C-30-40 (¢,=40 mm) C-30-80 (¢,=80 mm)

Miu No.1 No.2 No.1 No.2 No.3 No.l No.2 No.3

N, (kN) 7389 756,19 446,15 43490 44789 301,96 291,83 29339

a, 1,247 1276 0,753 0,734 0,756 0,515 0497 0,501

Léchtam  LTB LTB LTB LTB LTB LTL LTL LML,

x (mm) 160,57 163,37 113,19 111,37 11347 89,16 86,04 86,63
M., (kN) 13,339 12,182 28849 29,292 28,780 33,033 32,902 32,930

Nhdn xét

V6i m6 men thi nghiém 16n nhét M, tac dung lén cot
duoc xac dinh trong bang 2, hé so kiém chung cua cac tiéu
chuan duge tinh toan lan luot 1a ke, MECZ/MM, k,.mM,./
M, va kTCVN rend M, Bang 6 trinh bay két qua tinh dugc
cho tung mau cdt, gia tri trung binh (TB) cho tung nhom cot
va hé s6 bién dong (COV) tuong tmg.

Bang 6. Két qua kiém chirng theo céac tiéu chuan.

Nhom C-30-00 (¢,=0) C-30-40 (¢,=40 mm) C-30-80 (¢,80 mm)
Miu No.1 No.2  Nol No2 No3  Nol No2 No3
ke 1486 1429 1139 1183 1,125 1,069 1,109 1,088
TB (COV)  1,457(0,040) 1,149 (0,030) 1,089 (0,020)

ket 1486 1419 LIS 1,191 1,133 1,069 1,109 1,085
TB(COV)  1,457(0,047) 1,158 (0,030) 1,088 (0,020)

- 1254 1,18 1,145 1,191 1,128 1,096 1,114 1,16
TB(COV)  1,219(0,050) 1,155 (0,032) 1,188 (0,022)
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Phwong phdp hiéu chinh don gian cho TCVN
5574:2018

Béng 6 cho thiy tit ca cac tiéu chuan déu du bao kha ning
chiu luc 16n hon két qua thi nghiém cua tat ca cac cot (k>1).
Nguyén nhan 1a cac tiéu chuan trén déu ap dung cho bé tong
thudng, yéu tb suy giam ciia mo dun dan hdi ctia bé tong sir
dung tro bay thay thé mot phan xi mang lam chét két dinh da
chua dugc ké dén trong phuong phap noi luc giéi han cua
TCVN 5574:2018. Nhu vay, dé thu dugc két qua thién vé an
toan va tham khao tiéu chuan EC2 va ACI, céc tac gia dé xuat
mot hé sé giam cho cudng do R, trong cac biéu thire (3)-(6)
la k, lan lugt bang 0,945‘, 0,885 va Q,845, tuqng ung voi ty 1€
gilta dg Iéch tam ban dau e, va chi€u cao tiet di¢n 4 1a 0,05,
0,25 va 0,45 dé tinh dugc gia tri k., =1. Cac h¢ s0 trén duge
xac dinh bang phuong phép thu dan va chon lai. Thyuc hién
phép héi quy thu duge k,=ax>+bx+c, véi cac hé sb a=0,250;
b=-0,375; ¢=0,963125 va bien s6 x=¢/h.

Két luan

Mot s6 két luan c6 thé duoc rat ra tir nhimg két qua nghién
ctru thye nghiém va ly thuyét cua bai bao nay nhu sau:

- Béi véi bé tong c6 cudng do trung binh mau try 13 30
MPa, ty 1é tro bay thay thé xi mang lam chét két dinh 1a
20%, khong anh huong dang ké toi cudong do chiu nén, tuy
nhién lai gay ra mot lugng suy giam nhét dinh vé gia tri mo
dun dan hoi.

- So sanh s liéu thi nghiém trén tdm mau cot BTCT sir
dung bé tong tro bay 20% vai két qua tinh toan theo cac tiéu
chudn EC2, ACI 318-19 va TCVN 5574:2018 cho thay, ca
3 tiéu chuén déu du bao kha nang chiu lyc 16n hon gia tri
thi nghi€m cutia ca cot chiu nén Iéch tdm bé va chiu nén léch
tam 16n.

- Dé dat duoc két qua du bao thién vé an toan cho cot
BTCT sir dung bé tong tro bay tir mé hinh 1y thuyét, hé
s6 giam cuong do k, duogc kién nghi str dung khi ap dung
phuong phap ndi luc gidi han cia TCVN 5574:2018.

Viée dé xuat hé sé giam cuong d6 chiu nén cua bé tong
1a mot phuong phap don gian héa nhdm phan anh su suy
giam vé dic trung co 1y cta vt liéu bé tong co tro bay, mat
khac mang tinh thyc hanh va dé ap dung. V& nguyén tic,
can phan anh dang quan hé g suét - bién dang ctia bé tong
¢6 str dung tro bay thong qua cac mé hinh phi tuyén cia vat
lidu va két ndi giira Gmg xur vat liéu va tmg xur két cau. Do
vay, phuong phap mé hinh bién dang phi tuyén két hop voi
nhitng diéu chinh ctua quan hé ng suét - bién dang dudi
dang 2 doan théng hoac 3 doan théng thu dugc tir thi nghi€ém
trén cic mau vat liéu bé tong tro bay dugc kién nghi tiép tuc
phat trién nghién ctru cho bai toan nay.
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