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Tém tat

Bai bdo nay gidi thiéu mdt chuong trinh nghién ctiu thuc nghiém vé kha ning chiu luc ctia cot bé tong cbt thép
(BTCT) sii dung tro bay thay thé mot phan xi ming lam chét két dinh khi chiu nén léch tim phang. Céc thi
nghiém trén mau vat liéu bé tdng c6 cudng dd mau tru trung binh 30 MPa dudc tién hanh d€ xac dinh ham lugng
tro bay thay thé xi ming hop ly 12 20% theo khdi lugng. Bé tong tro bay nay dudc 4p dung cho ba ciip mau cot
c6 tiét dién chif nhat 150x200 (mm), cao 1600 mm, dit cbt thép doc 4P 14 c6 cudng do chay 362,6 MPa. Trong
thi nghiém, cdc miu cot dude nén véi cac do 1éch tim ban diu trong mit phing 1a 0, 40 va 80 mm cho t6i khi
bi phd hoai. S6 liéu thuc nghiém vé bién dang va kha ning chiu luc ctia cic mau cot dude so sanh vé6i két qua
tinh todn theo TCVN 5574:2018. Két qua cho thiy hé s uén doc tinh toan theo TCVN 5574:2018 nam trong
khoang sai s6 +5,2% so v6i két qua thi nghiém. Tuy nhién, khi st dung phuong phap bién dang phi tuyén ctia
TCVN 5574:2018, kha ning chiu luc ctia cot dude du béo thién vé thiéu an toan véi khoing dung sai +11,9%.
Tit d6, viéc cai tién cac mo hinh bién dang hai doan thing hoic ba doan thang d6i vi bé tong tro bay dudc kién
nghi trong phan cubi ctia bai bio.

Tir khod: thuc nghiém; cot; bé tong cbt thép; léch tam phang; tro bay.

EXPERIMENTAL STUDY ON LOAD BEARING CAPACITY OF REINFORCED FLY ASH CONCRETE
COLUMNS SUBJECTED TO UNIAXIAL BENDING

Abstract

This paper introduces an experimental programme to determine the load bearing capacity of reinforced concrete
columns using fly ash (FA) to partially replace ordinary Portland cement (OPC) as a binder when subjected
to uniaxial bending. Material tests were conducted on concrete having mean cylinder strength of 30 MPa to
determine the most favorable by weight replacement percentage of 20% for FA/OPC. This so-called 20% fly
ash concrete (FAC) was used for three pairs of column specimens having 150200 (mm) rectangular cross-
sections, 1600 mm-height, and 4®14 longitudinal rebars with yield strength of 362.6 MPa. In the tests, the
specimens were uni-axially loaded with various static eccentricities of 0, 40 and 80 mm until failure. The
experimental measurements on deformation and load bearing capacity of the test specimens were compared
to the calculation results based on design standard TCVN 5574:2018. It is shown that TCVN 5574:2018 is
capable of providing good agreement with the test results in moment magnification factor with tolerance of
+5.2%. However, unconservative prediction for load bearing capacity with tolerance of +11.9% is observed
when non-linear models for OPC concrete specified in TCVN 5574:2018 are applied. Hence, improvement of
bi-linear and tri-linear models for FAC is suggested in the latter part of the paper.
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1. Gidi thiéu

Ngay nay, yéu cu vé phat trién kinh t& hai hoa véi bdo vé méi trudng ngay cang trd thanh mot xu
huéng toan ciu. Trong linh vuc xay dung, viéc nghién ctiu vat liéu méi bén viing véi mdi trudng va
4p dung vao cic két cAu chiu luc bang bé tong cbt thép (BTCT) di va dang thu hit sy quan tim ctia
nhiéu nha khoa hoc trong va ngoai nudc.

Mot trong nhiing huéng nghién citu dugc phat trién manh gan déy 1a tan dung cic vit liéu phé
thai cong nghiép nhu tro bay, xi 10 cao, mudi silica v.v... dé tdi sit dung trong cong nghiép san xuét
bé tong [1-3]. Trong s d6, tro bay (fly ash - FA) dudc tao ra tif qué trinh d6t chdy nhién liéu than da
clia cic nha mdy nhiét dién v6i nhiét do 1én t6i 1500°C. Pay 12 mot vt lidu c¢6 thanh phan héa hoc va
tinh chét vat ly phu hop dé€ 1am chét két dinh trong bé tong tuong tu nhu xi ming Portland (ordinary
Portland cement - OPC) [1-4]. Ban dau, tro bay dudc sit dung véi mot lugng han ché nhu mot loai
phu gia nham cai thién tinh cong tac ctia bé tong. Mot sb tai liéu ky thuat [3-5] quy dinh lugng tro
bay thém vao khong dugc vudt qua 30% khéi lugng xi ming trong cip phbi nham dam bao céc tinh
chit co ly ctia bé tong. Tuy nhién, néu quan niém tro bay 12 mdt thanh phan cta cip phdi, dudc sir
dung dé thay thé mot phan xi ming nhu mot chat két dinh, sé gitip gidm thiéu dudc lugng san xuét xi
miing, nhung c6 thé anh hudng t6i céc dic trung co ly ciia vat liéu cling nhu kha niing chiu luc ctia két
chu st dung bé tong tro bay. Mot s6 nha khoa hoc trong nudc da nghién citu dnh hudng cia tro bay,
silicafume va méi trudng dudng ho dén cudng do chiu nén ctia bé tong c6 ham lugng tro bay thay thé
xi ming 12 20% [6, 7] va anh hudng ctia tro bay thay thé mot phan xi ming dén tinh chét ciia bé tong
thuong phdm [8]. Tuy nhién, cac nghién ctiu ndy mdi chi diing & muc do vat liéu. Tro bay cling da
dugc nghién cu dé thay thé hoan toan xi ming (100% FA/OPC) lam chit két dinh, két hop véi cac
chit hoat héa phil hdp dé€ tao ra loai bé tdng geo-polymer c6 cudng dd mau tru trung binh dat téi 50
MPa va dudc nghién ciiu 4p dung cho két ciu chiu uén [9]. Tuy nhién, chua c6 nhiéu nghién cifu ting
dung ctia bé tdng c6 tro bay thay thé mot phan xi ming lam chét két dinh vao ciu kién BTCT chiu
nén udn [10-17].

Trong bai bao nay, mot chuong trinh nghién ctiu vé bé téng tro bay ap dung cho cu kién BTCT
chiu nén léch tdim phang - thudng dudc ting dung cho coc diic san va ciu kién cot chiu luc trong cong
trinh xay dung [18-21] - dudc thuc hién va trinh bay theo cac budc sau: (i) Tién hanh thi nghiém trén
cdc mau vat lidu véi céc ty 1€ thay thé theo khdi Iugng tit 0 dén 40% FA/OPC cho bé tong cuong do
mau tru trung binh 30 MPa dé tim ra cip phi tao ra bé tong tro bay cé dic trung co ly hop ly nhit;
(i1) Ap dung cép phdi xdc dinh dugc tir budc nghién ciiu trudc dé ché tao va thi nghiém ba cip maiu
cot bé tdng cbt thép (BTCT) nham khio sat anh hudng ctia dd 1éch tam theo mot phuong téi kha ning
chiu luc ctia cot; va (iii) Kiém chiing két qué thi nghiém thu dugc bang tiéu chuén thiét ké két ciu
BTCT hién hanh TCVN 5574:2018 [22]. Tut d6, c4c nhan xét va kién nghi dudc riit ra & phan cudi clia
bai bao dé két ciu cot BTCT st dung bé tong c6 tro bay thay thé mot phan xi ming 1am chét két dinh
c6 thé dugc ung dung mdt cach an toan va hiéu qua trong thuc té.

2. Nghién cttu thue nghiém trén mau thir vat liu
2.1. Chuong trinh thuc nghiém

Muc dich cta chuong trinh nghién cttu thuc nghiém nay la xac dinh déc trung cd 1y clia cac vién
mau bé tong dugc ché tao tir cAp phdi dua trén mau bé tdng OPC dbi chiing c6 cudng do miu tru
trung binh 1a 30 MPa (dudc dit tén 12 MS-30-00), st dung ty 1& thay thé FA/OPC theo khéi lugng 1an
lugt 1a 10, 20, 30 va 40% dé€ tao ra cdc nhém mau tuong ting 1a MS-30-10, MS-30-20, MS-30-30 va
MS-30-40 nhu trong Bang 1.
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Bang 1. Thanh phan bé tong cho cdc méu thi nghiém vat liéu

Tenmiy Tom ludng tro bay Chat ket dinh (kg) Cit(kg) DPadim (kg) Nudc (kg)
thay thé xi mang  Xj mang PCB30  Tro bay

MS-30-00 0% 380 0 760 1140 205

MS-30-10 10% 342(339,0)  38(37,7) 760(7533) 1140 (1130,2) 205 (203,2)

MS-30-20 20% 304 (298,7) 76 (747) 760 (746,8) 1140 (1120,2) 205 (201,4)

MS-30-30 30% 266(259,1) 114 (111,1) 760 (740,3) 1140 (1110,5) 205 (199.7)

MS-30-40 40% 228(2202) 152 (146,8) 760 (734,0) 1140 (1101,0) 205 (198,0)

S6 liéu trong Bang 1 cho thiy trong khi khéi lugng cbt liéu cat, da dim va tong khdi lugng cia
cac chit két dinh déu khong déi va 1an lugt 1a 760, 1140 va 380 kg, ty 1é nudc/chat két dinh (N/CKD)
ciing dudc gilf nguyén 12 0,54 cho cdc mau thi nghiém. Tuy nhién, do su chénh léch vé khéi luong thé
tich giita xi ming va tro bay, sau khi thay thé hai vt liéu nay theo khdi lugng sé 1am thay ddi téng thé
tich ciia hén hop bé téng. Do vdy, cAn phai quy di khéi luong vat lidu vé cAp phdi cho 1 m? bé tong
theo cac gia tri trong ngodc don trong Bang 1.

Céc vat liéu st dung trong ché tao bé tong tro bay cho nghién cifu nay gdom c6:

- Tro bay c¢6 khéi lugng riéng 1a 1,80 g/cm?; ham lugng mat mat khi nung 12 0,47; do min Blaine
la2154 cmz/g; tinh chit héa hoc chinh gém ham lugng CaO 1a 5,49% va ctia hgp chit SiO, + AL, O3
+ Fe,03 12 79,25%;

- Xi ming Portland PCB30 ctia Cong ty Xi ming Vicem Hoang Thach c6 khéi lugng riéng la
3,10 g/em?;

- Cbt liéu nho (cét thién nhién) va cbt liéu 16n (da dim) dap ting yéu cau k¥ thuit theo tiéu chuin
TCVN 7570:2006 [23] va TCVN 7572:2006 [24]. Cét thién nhién st dung loai co6 kich thuéc hat 16n
nhét 12 5 mm khai théc tit song L, tinh Phii Tho, c6 khéi lugng riéng 1a 2,64 g/cm®. P4 diim c6 kich
thude hat 16n nhét 12 20 mm, dugc khai thac tai tinh Ha Nam, v6i khéi luong riéng 1a 2,69 g/cm?.

Véi mdi cip phdi, cac vién mau 1ap phuong canh 150 mm va mau tru dudng kinh 150 mm, cao
300 mm, dudc diic cho céc t6 mau phuc vu thi nghiém xéc dinh cudng do chiu nén tai 7, 14, 28, 56 va
90 ngay tudi, thi nghiém xac dinh cudng d6 chiu kéo va quan hé ting suit - bién dang khi nén. Vi ba
vién mau cho mt t8 mau, téng cong da c6 105 vién mau lap phuong va 105 vién mau tru dugc ché
tao va thi nghiém tai Phong Thi nghiém va Kiém dinh Cong trinh LAS XD-125, Trudng Pai hoc Xay
dung.

Quy trinh ché tao va diic cdc vién mau bé tong gdm cac bude nhu sau: (i) Pinh lugng cic thanh
phan cip phdi bé tong trong mé tron; (ii) Tron kho chit két dinh gdm xi ming va tro bay véi nhau;
(iii) Tron kho chét két dinh véi cat, sau d6 tron véi da dam bang mady tron tay; (iv) Cho nudc vao hon
hop kho va tron déu; (v) Kiém tra dd déo ctia hdn hgp bé tong tudi bang cach do do sut; (vi) Diic vién
mau 14p phuong kich thudc 150x150x150 (mm) va mau tru kich thudc 150x300 (mm); va (vii) Thao
khudn va dudng ho cdc vién mau bé tong.

2.2. Két qud thi nghiém

Cic dic trung co 1y clia cdc mau bé tdng bao gdm cudng do chiu kéo thu dudc tir thi nghiém ép
ché mau tru, cudng do chiu nén trén mau tru tai 28 ngay tudi dudc trinh bay tuong ting trén Hinh 1(a)
va 1(b).

Quan hé ting suét - bién dang khi nén do dudc trén cdc mau tru ctia ca 5 cAp phdi bé tong trong
Béng 1 dugc thé hién trén Hinh 2.
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2.3. Nhdn xét

Két qua thi nghiém thu dugc tif cdc Hinh 1 dén Hinh 3 cho théy:

- V6i ty 1¢ thay thé 20% FA/OPC theo khdi lugng, miu bé tong tuong dng 1a MS-30-20 c6 cudng
dd chiu kéo va chiu nén déu 16n nhét (tuong ting 1a 3,07 va 31,1 MPa - Hinh 1) trong cic miu c6 ty 1&
thay thé tir 10 dén 40%.

- Trong khoéng thoi gian truGc 28 ngay tudi, su phat trién cudng dd chiu nén theo thsi gian cia
mAu tru va miu 1ap phuong clia cip ph6éi MS-30-10 1a nhanh nhit. Tuy nhién, tlt 28 ngay tudi trd di,
uu thé nay thudc vé mau bé tong MS-30-20 (Hinh 3).

- Miic dii c6 cai thién vé cuong do, nhung bé tong cip phdi MS-30-20 c6 md dun dan hdi, thé hién
& d6 dbc ban dau ctia dudng cong quan hé ting suét - bién dang, thip hon so véi bé tong clia cic cp
phéi MS-30-00 va MS-30-10 (Hinh 2).

- Vi nhiing tinh chit néu trén, véi uu tién vé tidu chi cudng do va khdi luong thay thé xi ming
cao hon, mau bé tdng MS-30-20 dudc lua chon cho budc nghién ciiu tiép theo.

3. Nghién citu thuc nghiém trén miu cot bé tong cot thép

V6i cac két qua thi nghiém thu dugc cdc mau thi vat lidu ctia cAp phdi MS-30-20, ty 1¢ thay thé
20% FA/OPC theo khéi luong dudc 4p dung trong chuong trinh nghién cttu thuc nghiém thif hai trén
cdc mau cot BTCT nham xac dinh kha ning chiu luc cta cot khi chiu nén doc truc véi cac do léch
tam khac nhau trong mit phang chinh ciia tiét dién cot. Chi tiét dudc trinh bay trong cic muc sau:

3.1. Thiét ké mdu thi nghiém

Trong chuong trinh thi nghiém nay, sdu mau cdt BTCT c6 cip phdi bé tong véi ty 1& thay thé 20%
FA/OPC so véi bé tong thudng c6 cudng dd chiu nén trung binh trén mau tru 1a 30 MPa dugc chia
thanh ba nhom nhu trong Bang 2:

- Nhém thi nhit gdm hai mau cot giébng nhau, ky hiéu C-30-00-1 va C-30-00-2: Day la cic cot
chiu nén ding tam trong thi nghiém (d6 1&€ch tam tinh hoc e; = 0);

- Nhém thi hai gdm hai mau cot gidng nhau, ky hiéu C-30-40-1 va C-30-40-2. Trong thi nghiém,
cac mau cot déu chiu nén léch tim phéng véi e; = 40 mm;

Béng 2. Cac miu thi nghiém cot

Ty 1& ) Coét  Cot bo S6 luong vién mau
Tén thay the  thép thép Iéchtam g4 lugng Tén vién lap pl}u’dng va
méu cot FA/OPC doc  dai el méiu cot  mAiu thi (mau tru)
% mm mm mm 7ngay 14 ngay 28 ngay

C-30-00-1 20 4014 ©6 0 1 C-30-00 3 3 6
C-30-00-2 1 3) 3) 3)
C-30-40-1 20 4014 O©6 40 1 C-30-40

C-30-40-2 1

C-30-80-1 20 4014 @6 80 1 C-30-80 3 3 6
C-30-80-2 1 3) (3) (3)
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- Nhém thid ba gdm hai mau cot gibng nhau, ky hiéu C-30-80-1 va C-30-80-2. C4c mau cot déu
chiu nén léch tam phang trong thi nghiém véi e; = 80 mm.
Do s6 luong cdp pha c6 han, cic miu trong

R > 4014 -150x400x20
nhém C-30-00 va C-30-40 dudc dic ddng thdi O— ©)
RN N S 4012 —t& A
trong dgt dau tién, kem theo d6 la 12 mau lap @MT Eaf e =
phuong va 9 miu tru bé tong phuc vu céc thi ®— | IR\ =5 = " 50@
o P R R ) N ' ‘ 2 d
nghiém xdc dinh cudng do vat liéu. Nhom cot m 2 |4 N\ ®
C-30-80 ciing véi cdc mau thi vat lidu dugc dic — 201
,g . C e A o @@@Loo 100 L 200 ®
trong dot thit hai, sau khi d6 cop pha cua hai nhém " ol NLv
cOt trén. o 4014
Véi thong s6 nghién ctu chinh 1a do léch tam AA .| B\[s
phang, cic miu cot dugc thiét ké gibng nhau véi 16 s ;Z ( e
CA [N ~, A~ [N 1
tiét dién chit nhat b x h = 150x200 (mm), chiéu o o€
cao ¢t 1a 1600 mm. Trong doan 150 mm ti hai @M‘ | i 2 4 Al o ®
dau, cot dudc md rong véi tiét dién 150x400 (mm) @a = — ot
nham tao ra d léch tim phang trong mit phang - |z /- ®
A 48 _ ST ST 4 4012
udn song song vdi canh 4 = 200 mm cua tiet dién. T5 100]100 — O
Cét thép doc chiu Iuc chinh ctia cot 1a 4014, 20 2|A A
nam tai cac géc cia cbt dai ®6al00, vdi 16p bé B-B I -130:4000 7y
o s Ay Cax . L = 300 [100
tong bao vé la 20 mm. Hai dau cdt dugc gia cuong *

bdi cac cbt thép va ban thép nham tranh su phd
hoai cuc bd trong qua trinh thi nghiém (Hinh 4).
Gi4 tri cuong do trén ba mau thép ®14 dai 600 mm xac dinh trong thi nghiém kéo tiéu chuin la
365,081; 363,782 va 367,030 MPa.

Trén Hinh 5 va Hinh 6 thé hién qua trinh ché tao, d§ bé tong va dudng hod cho cdc maiu cot thi
nghiém.

Hinh 4. Thiét ké cot thi nghiém

Hinh 5. Thiét ké cot thi nghiém

Quy trinh ché tao va diic bé tdng cho cic mau cdt bao gdm cac bude nhu sau: (i) Gia cong cop
pha; (i) Lap dit cbt thép; (iii) Pinh lugng céac thanh phin cip phbi bé tong trong mé tron; (iv) Tron
kho chit két dinh giita xi ming va tro bay véi ty 1& khdi lugng ctia cip phdi MS-30-20 cho trong
Bang 1; (v) Tron kho chat két dinh v6i cat, sau d6 tron v6i da diam bang mdy tron tai phong thi
nghiém; (vi) Cho nudc vao hdn hop khd va tron déu; (vii) Pic mau cot BTCT, dong thdi diic cdc mau
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thtt vat liéu gdm céc vién mau 1ap phuong kich thuée 150x150x150 (mm) va cic vién mau tru kich
thuée 150x300 (mm); (viii) Thao khuon va dudng ho cac mau thii dén 28 ngay tudi bang tim ni-long
theo TCVN 3015:1993 [25]. Sau khi dat 28 ngay tudi, ditng dudng hd miu va chuin bi tién hanh thi
nghiém.

3.2. BO tri cdc thiét bi do va hé thong thi nghiém

Trén Hinh 6 thé hién viéc bd tri hé thdng thi nghiém x4c dinh kha niing chiu luc clia cdc mau cot
khi chiu tdc dung cta Iuc nén doc truc véi cac do 1éch tdm khac nhau.

T3J T [T2

‘ g — 3—‘
H Data-Logger
TDS-530

1

(a) Hé théng thiét bi thi nghiém (b) B& tri dung cu do
Hinh 6. Hé thong thiét bi va bd tri dung cu do

Céc thiét bi sit dung trong thi nghiém bao gom:

- Ti trong nén doc truc dudc tic dung bing mdy nén thiy luc cia CHLB Nga c6 kha ning nén
t6i da t6i 5000 kN. Gia tri Iuc nén dudc do bing thiét bi do luc (load-cell) dit phia trén dau cot;

- Chuyén vi doc truc ctia cot duge do bé”lng 4 thiét bi do chuyén vi (Linear Variable Displacement
Transducer - LVDT) c6 s6 hiéu T1, T2, T3 va T4, dudc lap trén ca bdn mit cia tiét dién ngang tai khu
vuc chinh gilta cft, v6i khoang do la 100 mm;

- Chuyén vi ngang dudc do biang LVDT c6 sb hiéu I1 va I3 (tai vi tri cach hai dau c6t 150 mm) va
12 tai chinh gitta cdt, v6i khoang do 1a 100 mm;

- Bién dang trong bé tong va ct thép tai tiét dién chinh giita cot dudc do bang cic tem dién tré
(strain-gauges) tuong tng cho mot cdt trong mdi nhom;

- Tét ca cdc thiét bi trén dudc két ndi v6i bo thu thap va xi ly s6 liéu data-logger TDS-530 va may
tinh d€ ghi lai cac s& do vé Iuc va chuyén vi.

Trong thi nghiém, miu cot dudc ciu tao gdi lién két khép tai hai dau thong qua hai thanh thép
tron dugc han vao tim thép dau mdy nén (& phia trén dau cot) va tim thép bé may nén (& phia dudi
chan cot). Mot ban thép dudce han véi ban thép sd 7 (Hinh 6(b)) trén d6 cAu tao hai go thép vé6i khe
hé nho d€ c6 thé vira ty vao thanh thép tron, via tranh cho dau cot khong bi trugt ngang. Tai lién két
nay, sit dung md cd khi bdi tron dé cot ¢ thé xoay tu do trong mit phing ubn song song véi canh h
ctia tiét dién cot. Véi lién két hai diu khép va chéng chuyén vi ngang nay, khi chiu nén véi luc doc
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N cung d6 1éch tAm ban dau e; va do léch tAm ngiu nhién e,, tiét dién nguy hi€ém nhét tai chinh giita
chiéu cao cot sé c6 chuyén vi ngang 1a A va md men tuong tng 1a M = N(e; + e, + A).

3.3. Quy trinh thi nghiém

Thi nghiém trén cidc mau cot dudc tién hanh tai Phong Thi nghiém va Kiém dinh Cong trinh LAS
XD-125 - Trudng bai hoc Xay dung, véi quy trinh nhu sau:

- Buéc 1: Gia tai thit v6i tai trong bang véi cAp tai dau tién 1a 10 kN trd 1én, kiém tra sy lam viéc
ctia mo hinh thi nghiém va cic dung cu do. Khi tit ca thiét bi lam viéc binh thudng, ha tai vé 0. Ghi
chép s6 lidu ban dau trén cic dung cu do;

- Budc 2: Tién hanh gia tai tiing cép tai trong khoang 5% gi4 tri du bao kha ning chiu luc ctia cot.
Luu s6 liéu trén céc dung cu do & ting cip tai trong;

- Budc 3: Khi gia tri luc doc tdc dung 1én cot khong ting dudc nita va xuit hién pha hoai ctia bé
tong viing nén trén tiét dién nguy hiém nhét tai giita chiéu cao cot, Iuu lai s6 liéu vé luc doc 16n nhét
va chuyén vi tuong ting. Sau d6 ditng bom dau cho may nén va tién hanh ha tai thi nghiém theo tiing
cAp tai c6 gia tri khong vudt qua 10% gia tri tai trong thi nghiém.

3.4. Két qud thi nghiém

Két qua thi nghiém vé quan hé giita luc nén doc (N;,) va chuyén vi ngang tai gitta cot (A,,) dudc
trinh bay trén Hinh 7.

C-30-00-2 C-30-00-1

800 1 (736.1-306) (738.9-44)

- -
700 o
600 C-30-40-1  C-30-40-2
(446.2-6,5)  (434.9-6.6)

500 o /
. ¢ C-30-80-2 (C-30-80-1
Z (291,9:9,0) (301,9-9.7)
22 400 A
z

300 A -

200 A

100 o

0 1 2 3 4 5 6 7 & 9 10 11 12
Ay (mm)

Hinh 7. Két qua thi nghiém cot

Kha niing chiu Ivc 16n nhit Ny, va chuyén vi ngang tai gitta chiéu cao cot A, tuong ing clia mdi
mau cdt dudc bi€u dién trong Bang 3.

Do 1éch tim ban dau ey dudc xic dinh bﬁng tong cua do 1éch tAm tinh hoc e; va do léch tim
ngau nhién e, = max(L./600; h./30; 10) = max(1630/600;200/30; 10) = 10 mm [22]. Nhu vay, gia
tri ep ctia ba nhém cot C-30-00, C-30-40 va C-30-80 1an ludt 1a 10, S0 va 90 mm. Tir d6 xdc dinh
dugc gia tri thi nghiém ctia m6 men udn 16n nhét trong cot tai tiét dién chinh gitta chiéu cao cot 1a
M, = Ni(eo + Aw). .

Vi cdc gia tri trung binh cla két qué thi nghiém trinh bay trong Bang 3, Hinh 8 biéu dién anh
hudng ctia d6 l1éch tAm e t6i két qua thi nghiém cot trén hai khia canh: (i) Kh4 ning chiu luc doc
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Bang 3. Két qua thi nghiém cdc miu cot

Nhom C-30-00 (¢; = 0) C-30-40 (¢ = 40mm)  C-30-80 (¢; = 80 mm)
Mau No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
Ny, (kN) 738,90 756,19 446,15 434,90 301,96 291,83
Nip (KN) 747,55 440,53 296,90
Ay, (mm) 4,39 3,60 6,46 6,57 9,77 9,01
Aupgp (mm) 4,00 6,52 9,39
M, (kNm) 10,635 10,288 25,191 24,601 30,127 28,850

16n nhét N,,;;, ty 1& nghich vé6i d6 1éch tim ban dau e(; va (ii) Chuyén vi ngang tai giita chiéu cao cot
tuong ting v6i luc doc 16n nhit A, ty 1& thuin véi v6i do 1éch tim ban dau e.

800 1 r 16
700 A - 14
600 A 12
Z 500 A 10 E
=< =
£400 8 \'é
= 5
Z 300 -6 <
200 A - L 4
—&— Luyc doc Ion nhat
100 1 PR . 2
—¢— Chuyeén vi ngang twong lng
0 0

0 10 20 30 40 50 60 70 80 90 100
ep (mm)

Hinh 8. Anh hudng ctia d6 1éch tam t6i két qua thi nghiém cot

Hinh 9. Dang pha hoai ctia miu ¢t C-30-40-1

87



Sykhampha, V., Thiang, N. T./ Tap chi Khoa hoc Céng nghé Xay dung
3.5. Nhdn xét

Tir cic két qua thi nghiém thu dudc tif muc trén, c¢6 thé riit ra mot s6 nhan xét sau:

- Két qua thi nghiém vé kha ning chiu luc 16n nhit N, va chuyén vi ngang tuong dng tai gitia
chiéu cao cot A, clia cac cdt trong mot nhém 1a kha gan nhau, chiing to do tin cdy cta thi nghiém;

- Quy luat do 1&ch tam anh hudng tiéu cuc téi do bén nén clia cot ciing 4p dung véi cot BTCT st
dung tro bay thay thé mot phan xi ming lam chit két dinh, tuong tu nhu véi cot BTCT thudng. Tuy
nhién, budc dau can kiém chiing do chinh xac khi 4p dung cac 1y thuyét hién c6 ctia két chu BTCT
thudng dé du bdo do bén nén cho cot BTCT sit dung tro bay thay thé mot phan xi ming lam chét
két dinh.

4. Kiém chitng két qua thi nghiém

Trong muc nay, tiéu chuén thiét ké két cAu BTCT hién hanh TCVN 5574:2018 [22] dudc st dung
dé tinh todn va kiém ching hé s6 udn doc va kha ning chiu luc 16n nhit khi bi nén léch tim phang
clia cac mau cdt thi nghiém.

Gi4 tri cudng do tai 28 ngay tudi thu dudc trén ba miu l1ap phuong canh a = 150 mm dudc dic
cung v6i cac cdt nhém C-30-00 va C-30-40 1a R; = 31,911; R, = 31,111 va R3 = 31,911 MPa; Gia
tri trung binh 1a R,, = 31,664 MPa; D0 léch quan phuong o = 0,462; Hé sO bién dong v = 0,015;
Gia tri cudng do dic trung v6i xdc sudt ddm bao 95% (S = 1,64) 1a B = 30,877 MPa; Cudng dd tiéu
chuén chuyén ddi sang cudng do mau ling tru Ry, = B(0,77 — 0,001B) = 22,829 MPa. Do xéc dinh
bing thuc nghiém nén hé sb an toan y,. = 1,0. Cudng do tinh todn 4p dung cho cdc miu c6t nhém
C-30-00 va C-30-40 1a R, = 22,829 MPa [22].

Tuong tu nhu vay, tf gid tri cudng do tai 28 ngay tudi thi nghiém trén ba miu 1ap phuong canh
a = 150 mm dugc dic cung véi cac mau cot nhém C-30-80 1a Ry = 32,222; R, = 32,0 va R; =
30,889 MPa, xdc dinh dudc cudng do tinh toan ap dung cho mau C-30-80 1a R, = 22,578 MPa.

Két qué thi nghiém kéo trén ba mau cbt thép @14 dai 600 mm la Ry = 365,081; R, = 363,782
va R3 = 367,030 MPa. Nhu vay cudng do trung binh R, = 365,298 MPa va cutng do dic trung la
fy = 362,617 MPa.

Mb dun dan hoi xic dinh tir dudng cong ting suit - bién dang khi chiu nén ctia bé tong st dung
tro bay 1a E;, = 20332 MPa; mo6 dun dan hoi ctia cbt thép 1a E; = 205 GPa. Hé s6 gidi han chiéu cao
vung bé tong chiu nén la & = 0,531 [22].

4.1. Hé 5o uon doc

Xét mau cot C-30-80-2, gid tri luc doc pha hoai thu dudc tir thi nghiém 1a N;, = 291,83 kN,
chuyén vi ngang 16n nhit tai gitta cot khi phé hoai 1a A, = 9,01 mm.

Céc s6 liéu hinh hoc bao gdm bé rong tiét dién cot b = 150 mm; chiéu cao tiét dién cot 1 = 200
mm; khodng céch tif mép bé tong chiu kéo (nén) dén trong tim tiét dién cbt thép chiu kéo (nén):
a =27 mm (¢’ = 27 mm); chiéu dai tinh toan cot: Ly = 1630 mm (tinh dén trong tim khép ndi hai
dau cot); chiéu cao 1am viéc cia tiét dién hg = h — a = 173 mm; khodng c4ch gilta trong tAm tiét dién
cbt thép chiu kéo va nén z; = hg — a’ = 146 mm; Do 1éch tim ngiu nhién: e, = 10 mm; Dién tich tiét
dién cot thép chiu kéo (2@14) vanén 2D14) A; = A’ = 3079 mm?.

V6i két cAu cot clia hé thi nghiém 14 tinh dinh, x4c dinh dugc do 1éch tim ban daula ey = e; +e, =
90 mm trong d6 do léch tim tinh hoc e; = 80 mm va do léch tAm ngiu nhién ¢, = 10 mm. Nhu vay,
dd 1éch tdm tuong ddi cia luc doc 12 6 = eg/h = 90/200 = 0,45 € [0,15;1,5].
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) o . M
Hé s0 xét dén anh hudng cta tai trong tac dung dai han dugc tinh theo cong thiic ¢, = 1 + FLI
L
va khong 16n hon 2. D€ don gian va thién vé an toan, trong tinh toan lay ¢; = 2. Thay ¢; va d, tinh
; 0,15
dudc hé s0 ky = ——— =0,100.
¢ (0,3 +6.)

M6 men quén tinh ctia dién tich tiét dién clia bé tong dbi v6i trong tAm tiét dién ngang ctia ciu
kién 1a I, = bh? /12 = 100.000.000 mm*.

Mo men quén tinh ctia dién tich tiét dién ctia ct thép doc ddi véi trong tam tiét dién ngang cia
cau kién 1a Iy = (A + A2)(0,5h — a)* = 3.281.343 mm*.

Thay céac gi4 tri trén tinh dudc do cing ctia cAu kién & trang thdi gidi han vé do bén la D =
kpEpl + 0,7EI = 662.708.056.567 Nmm?.

2
D
Luc t6i han quy udc: Ne, = ’TL—Z = 2.461,766 kN.
0
. 5 1
Hé s6 uon doc 7 tinh todn la 7 = & = 1,132, v6i N = N, = 291,83kN.
" Ner
Hé s6 udn doc thuc nghiém 12 17, = (eg + As,) /eo = (90 +9,01)/90 = 1,100.
< P 1,132
He s0 so sanh gita tinh toan ly thuyét va thyc nghiém: k;, = I _ 1100 ~ 1,029.
nl‘n )

Tinh toan tuong tu cho cic miu thi nghiém con lai, két qua dudgc trinh bay trong Bang 4.

Bang 4. Két qué kiém chiing cia TCVN 5574:2018 vé hé s6 udn doc

Nhom C-30-00 (e; = 0) C-30-40 (e; = 40 mm) C-30-80 (e; = 80 mm)
Mau No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
O 0,15 0,25 0,45
kp 0,167 0,136 0,100
D (Nmm?) 8,097E+11 7.841E+11 6,742E+11
N¢ (KN) 3.007,945 2.779,074 2.504,428
Nt 1,326 1,336 1,191 1,186 1,137 1,132
N 1,439 1,361 1,129 1,131 1,109 1,100
ky 0,921 0,982 1,055 1,048 1,026 1,029
Trung binh 0,952 1,052 1,028

Bang 4 cho thiy két qua trung binh ctia ba nhém mau lan ludt 1a 0,952; 1,052 va 1,028. Nhu vay
TCVN 5574:2018 c6 kha ning tinh toan hé s6 udn doc véi sai s6 trong khoang +5,2% so véi két qua
thi nghiém.

4.2. Khd ndng chiu luc

Trong muc nay, phuong phap va bang tinh thyc hanh tinh toan kha nang chiu lyc ctia c6t BTCT st
dung cdc md hinh phi tuyén mo6 phdng quan hé ting suit - bién dang ctia vat liéu bé tong va cbt thép
dudi dang hai doan thang (MH2DT) va ba doan thang (MH3DT) ciia TCVN 5574:2018 do céc tic
gia dé xuit nim 2020 [20] dudc st dung d€ tinh toan kha ning chiu luc ctia cic cot thi nghiém chiu
nén léch tim phing dudi dang biéu do tuong tac. Phuong phap ndi suy va phuong phap trung binh cé
trong s6 dugc st dung dé danh gia hé sb an toan (SF) bang cach xdc dinh vi tri trong mit phang ctia
di€m noi luc t6i han so véi dudng biéu dd tuong tac [20], két qua dudc trinh bay trong Bang 5.
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Bang 5. Hé s6 an toan khi sit dung mé hinh bién dang phi tuyén ctia bé tdng OPC

Nhém C-30-00 (e; = 0) C-30-40 (e; = 40 mm) C-30-80 (e; = 80 mm)
Mau No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
SF-MH2DT 1,014 1,000 1,047 1,073 1,049 1,093
Trung binh 1,007 1,060 1,071
SF-MH3DT 1,023 1,009 1,068 1,094 1,069 1,115
Trung binh 1,016 1,081 1,092

Trong bai bdo nay, hé s6 an toan (SF) ciing dudc ddnh gia theo tiéu chi so sainh md men udn ly
thuyét va mo6 men udn thuc nghiém tai cing mot mic luc nén 16n nhit thu dudc ti thi nghiém. Xét
mau thi nghiém C-30-80-2, kha ning chiu luc trong mit phang udn song song véi canh & ciia tiét dién
cot dudc thé hién duéi dang hai biéu do tuong tac (N, M) tuong ting v6i md hinh MH2DT va MH3DT
cho bé tdng OPC. Nhu biéu dién trén Hinh 10, tai cung miic luc doc Ny, = 291,83 kN, kha ning chiu
md men cta cot theo MH2DT va MH3DT lan lugt 13 32,148 va 32,231 kNm.

900

MH2DT: MH3DT:
800 4 N=29183 kN N=20183 kN
M-32,148 kNm || M=32231KNm
700
600
Thi nghiém:
500 N,=20183 kN
4 M,=28,850 kNm
= 400 Mo=Na(eg-u)
N,=20183 kN
300 M,=26.265 kNm
M.=Nuey
200 —
100 et
- - -
0 0= ! —o==] . |
0 5 10 15 20 25 30 35
M (kNm)

Hinh 10. Kiém chiing kh4 ning chiu luc ctia mau cot C-30-80-2

Nhu vy céac hé s so sanh tuong tng véi MH2DT va MH3DT la:

kMH2DT _ MMH2DT _ 32,148 kMH3,9T _ MMHSDT _ 32,231
M - M -

= = 1,114; = = 1,117
M, 28850 M, 28850

Tinh todn tuong tu cho cic cdt con lai, két qua dugc trinh bay trong Hinh 11 vi Bang 6. Trén
Hinh 10 va Hinh 11, cic doan thang nbi gbc toa do véi diém c6 toa do (Ny,, Nineo) biéu dién mot cach
tuong ddi mo men so cAp phat trién tai chinh gifta chiéu cao cot khi chiu Iuc nén ting dan tii O ciing
véi do 1éch tam ban dau ey. Cac doan thang di ngang ndi tiép sang diém (Ny,, Niu(eo + Ay)) bi€u dién
mot cach tuong dbi su phat trién ctia md men thi cap do hiéu ting béc hai.

V6i két qua kha tuong ddng v6i phuong phap hé s6 an toan trong Bang 5, Bang 6 cho thiy khi 4p
dung MH2DT, hé s6 dbi chiing trung binh vé kha niing chiu luc ctia 3 nhém mau 1an lugt 1a 0,990;
1,088 va 1,089. Tuong tu v6i MH3DT, két qui d6i chiing trung binh vé kha ning chiu luc cia ba
nhém mau 1an luot 13 1,043; 1,119 va 1,095. Nhu vy, m6 hinh bién dang phi tuyén cho bé téng OPC
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—o— MH2DT
—o— MH3BT
— == = C-30:00-1
€-30-00-2
— =t — C-30-40-1
=0 = C-3040-2

Lt o

10 15 20 25 30

M (kNm)

(a) Nhém mau dgt 1 (C-30-00 va C-30-40)

35

—C— MH2DT
—o— MH3DT
= === C-30-80-1
-0 - C-30-80-2

15

M (kNm)

20 25 30 35

(b) Nhém méu dot 2 (C-30-80)

Hinh 11. Kiém chiing kha ning chiu luc ctia cdc nhém maiu cot

Bang 6. Két qué kiém chiing cia TCVN 5574:2018 vé kha niing chiu luc

Nhém C-30-00 (¢; = 0) C-30-40 (¢; =40 mm)  C-30-80 (¢; = 80 mm)
Maiu No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
M,, 10,635 10,288 25,191 24,601 30,127 28,850

Mymopr 10,963 9,763 26,836 27,298 32,050 32,148

kyopT 1,031 0,949 1,065 1,110 1,064 1,114
Trung binh 0,990 1,088 1,089

Muyuspr 11,499 10,339 27,661 28,054 32,352 32,231

kyH3pT 1,081 1,005 1,098 1,140 1,074 1,117
Trung binh 1,043 1,119 1,095

ctia TCVN 5574:2018 du bao kha niing chiu luc ctia cdc mau cot thi nghiém véi hé s kiém chiing 16n

hon don vi (thién vé thiéu an toan) véi dung sai 16n nhat 1a +11,9%.

4.3. Nhdn xét

Mot s6 nhan xét ¢ thé dudc rit ra tit cic muc 4.1 va 4.2 nhu sau:
- Trong ciing mdt nhém cot, két qua ki€ém chiing thu dudc c6 gid tri khd gan nhau va gan véi gia

tri trung binh;

- TCVN 5574:2018 [22] phan biét hai trudng hop 1éch tim d6i v6i cot BTCT: (i) Trudng hop léch
tam 16n (LTL) khi chiéu cao viing nén quy ddi x < &gho; va (ii) Trudng hop léch tim bé (LTB) khi
x > Ephy. V6i cac gia tri cudng do vat liéu do dudc, xdc dinh dudc hé s gidi han chiéu cao viing nén
la &g = 0,531. Véi cac cot thi nghiém dugc dit thép doc dbi xing A = A’ va Ry = Ry, diéu kién xay
ra LTL 1a a,, = N/Rybho < ég. Tt @6, c6 thé xdc dinh dudc tinh chat 1éch tAm ctia cic cot thi nghiém
nhu trong Bang 7.
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Bang 7. Tinh chit 1éch tdm ctlia cac cot thi nghiém

Nhom C-30-00 (e; = 0) C-30-40 (e; = 40 mm) C-30-80 (¢; = 80 mm)
Mau No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
Ny, (KN) 738.,9 756,19 446,15 434,90 301,96 291,83
a;, 1,247 1,276 0,753 0,734 0,515 0,497
Léch tam LTB LTB LTB LTB LTL LTL

- C4c Hinh 10 va 11 cho thy dbi véi ca cot chiu LTB va LTL, phuong phdp mé hinh bién dang
phi tuyén ctia TCVN 5574:2018 déu du bdo kha niing chiu luc 16n hon két qua thi nghiém (k > 1) -
thién vé thiéu an toan. Nguyén nhan 13 do tiéu chuan trén chi 4p dung cho bé tong thudng, yéu t6 suy
gidm ctia md dun dan hoi ctia bé tong tro bay thu dudc tir thi nghiém (Hinh 2) chua dudc ké dén trong
mo hinh bién dang phi tuyén ctia vat liéu. Nhu viy, d€ thu dudc két qua thién vé an toan, mot nghién
clfu tiép theo dang dudc cdc tac gia thuc hién theo huéng ap dung phuong phdp mo hinh bién dang
phi tuyén két hop v6i nhitng diéu chinh ctia quan hé dng suit - bién dang dudi dang hai doan thang
hoic ba doan thing thu dudgc tir thi nghiém trén cic méu vt liéu bé tong tro bay két hop giam do ciing
va kiém chiing véi s6 do vé bién dang trén mau thi nghiém két ciu.

5. Két luan

Két qua nghién ciiu thuc nghiém va kiém chiing bing ly thuyét clia bai bao nay dugc tém tat nhu
sau:

- B6i v6i bé tong c6 cudng do trung binh mau tru 12 30 MPa, ty 1é tro bay thay thé 20% khéi luong
xi ming lam chét két dinh 12 ty 1& hop ly nhét do lam ting cudng do chiu kéo va chiu nén, su phat
trién ctia cudng do chiu nén sau 28 ngay tudi, cling nhu hiéu qua thay thé khi luong xi ming, mic du
van chip nhin mot do suy giam nhét dinh vé mo dun dan hoi;

- So sanh s6 liéu thi nghiém trén ba ciip mau cot bé tong cdt thép sit dung bé tong tro bay 20% véi
két qua tinh todn theo TCVN 5574:2018 cho thiy:

+ TCVN 5574:2018 ¢6 kha ning du bao kha chinh xdc hé s6 ubn doc, v6i dung sai nim trong

khoang +5,2%;

+ Phuong phap bién dang phi tuyén ciia TCVN 5574:2018 du bdo kha ning chiu lyc thién vé
thiéu an toan cho ca cot thi nghiém chiu 1éch tim bé va l&ch tim 16n véi dung sai trong khodng
+11,9%;

- D€ dat dudc két qua du bdo thién vé an toan cho cot bé tong cdt thép st dung bé tong tro bay
tif mo hinh ly thuyét, kién nghi stt dung phuong phap bién dang phi tuyén ctia TCVN 5574:2018 véi
mot s6 cai tién phit hdp cho cdc md hinh bién dang hai doan thang hoic ba doan thing cho bé tong
tro bay.

Két qua nghién ctiu clia bai bdo di cho thiy kha niing ting dung bé tong c6 tro bay thay thé mot
phan xi ming 1am chét két dinh vao ciu kién BTCT chiu nén, nhu vy viia thu dudc hiéu qua vé kinh
té (tdi st dung chit thai cong nghiép, tiét kiém chi phi thu gom, xi 1y), viia dat dudc muc tiéu bio vé
moi trudng (giam thiéu khi CO, gy hiéu ting nha kinh do cong nghiép san xuét xi ming). Mt khac,
dé tai gidp cho cic k¥ su thuc hanh hiéu rd hon su 1am viéc va tinh tng dung ctia vat lidu két cAu sir
dung bé tong than thién mdi trudng.
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