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Tém tit

Anh hudng ciia hiéu ding b6 (confinement effects) dbi v6i ting xi nén clia ciu kién cot bé tong cbt thép (BTCT)
da dugc nghién ciiu rong rai trén thé gi6i trong nhiéu nim gan day ca trén phuong dién ly thuyét va thuc nghiém.
Ung dung ctia hidu ting bé cling da dudc dua vao mot sé tidu chudn thi cong va thiét ké két cdu xay dung qubc té
nhu tiéu chuan My ACI 318-19 hay Eurodoce EC2. Tuy nhién, & Viét Nam khdi niém nay van con dang tuong
dbi méi mé, dic biét 1a rat it nghién ctu thuc nghiém (néu c6) dugc cong bd trong nude. Bai béo trinh bay két
qua thi nghiém nén dén khi pha hoai dbi véi 16 mau cot tron c¢6 dudng kinh 150 mm va chiéu dai 600 mm véi
cic budc dai xoin va méac bé tong khac nhau nhiim danh gia anh hudng ciia hiéu ting bé 1én ing xit nén ciia loai
cAu kién nay. Két qua thi nghiém cho thiy mic dit ham lugng va budc cbt dai xoan c6 dnh hudng nhit dinh dbi
v6i kha niing chiu nén ctia cot, su dnh hudng khong thuc su o rang ddi véi ca stic khang nén doc truc. Két qua
thi nghiém ciing dugc so sanh véi gia tri du béo ly thuyét theo mo hinh vat liéu do Mander va cs. dé& xuét nim
1988. Nghién cifu ciing da dua ra mot sd danh gia va kién nghi trong viéc xem xét kha ning chiu nén ciia cot
tron bi 4nh hudng bdi hiéu ing bé do cbt dai gay ra.

Tir khod: cot bé tong cdt thép; kha ning chiu nén; hiéu ting bé; dai xoan; nghién citu thuc nghiém.

EXPERIMENTAL STUDY ON THE STRUCTURAL PERFORMANCE OF REINFORCED CONCRETE
COLUMNS SUBJECTED TO AXIAL LOADING

Abstract

Confinement effects on the axial performance of reinforced concrete (RC) columns have been long recognized
by the international research and practice community. The application of such effects has been incorporated
in two international codes of practice, ACI 318-19 and EC2. However, in Vietnam there have been a very
limited number of experimental studies that have been published nationally. This paper presents an experimental
study on the structural performance of reinforced concrete (RC) circular columns. Four batches consisting
of 16 column specimens, which had the same dimensions but were cast with four different concrete grades
and detailed with different spacings of stirrups, have been gradually loaded to failure using load-controlled
procedure. The test data revealed that increasing the stirrup ratio can enhance the structural performance of
the column specimens. The test data have also been compared with the prediction by the Mander’s concrete
model in terms of peak axial stress to evaluate the confinement effects on concrete material. Several interesting
aspects of the test results have also been discussed, which set a concrete base for recommendations for design
and detailing of RC circular columns.

Keywords: reinforced concrete columns; axial load capacity; confinement effects; spirals stirrups; experimental
investigation.
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1. it van dé

CAu kién chiu nén 12 mot trong cdc thanh phan két ciu chinh trong cong trinh bé tong cot thép
(BTCT). Kha niing chiu nén clia cAu kién bi 4nh hudng bdi nhiéu yéu td. Mot sd yéu td c6 tac dung
rit nhé va khong gy ra anh hudng t6i do bén clia cAu kién. Tuy nhién, v6i quy md cong trinh ngay
cang 16n thi tai trong tic dung vao cdc cAu kién chiu nén trd nén rét 16n da lam gia ting mic do anh
hudng ctia cdc yéu t6 ndy t6i do bén ctia cAu kién.

Mot trong cdc anh hudng d6 13 hiéu ing b6 1am ting kha ning chiu nén ctia cau kién chiu nén do
cbt dai gay ra. Theo ly thuyét, ching ta déu nhan thiic 6 su 4nh hudng cla hiéu tng niy trong ciu
kién chiu nén va ciing c6 cdc nghién cifu nhét dinh d€ dua ra cong thic tinh toan kha ning chiu luc
clia cAu kién khi ké t6i hiéu ting b do Mander va cs. [1] dé xuét ddi véi bé tong thong thudng va Li va
cs. [2] dé xuat dbi v6i bé tong cudng do cao. Cac nghién ctiu nay 1am nén tang cho viéc dua hiéu ing
b6 dbi vé6i vat liéu bé tong cbt thép vao mot sb tiéu chuan thi cong va thiét ké két ciu xay dung qudc
té nhu tiéu chudn My ACI 318-19 [3] hay Eurodoce EC2 [4]. Trong thdi gian gan déy, cdc nghién cifu
thuc nghiém thuc hién dbi véi cot det c6 tiét dién chit L-, V- va I- chiu tdi trong dong dit ciing cho
thiy budc cbt dai c6 anh hudng db6i v6i do bén va dd déo ctia cAu kién [5-8]. Vai tro cdt dai ciing dudc
danh gid c6 tic dong dang k€ dbi véi ting xit ctia cot BTCT trong diéu kién chiu Itia [9], va sy hinh
thanh va phat trién khdp déo trong két cAu dim-san BTCT [10, 11] chiu tdi trong phan bd déu & giai
doan can pha hoai.

Tuy nhién, phién bin mdi nhit cla tiéu chuin tinh toan két cAu bé tong cbt thép clia Viét nam
TCVN 5574-2018 chua dé cap t6i viée tinh toan kha ning chiu luc khi k€ t6i anh hudng do hiéu ting
b6 trong cu kién chiu nén [12]. Mit khic, cdc cong bd khoa hoc trong nuée vé linh viic ny hién nay
dang kha han ché vé thong tin va s6 luong (néu c6). Pong thdi, hién ciing chua cé mdt nghién ciu ly
thuyét va thuc nghiém day di d€ danh gid 4nh hudng clia hiéu dng b6 trong ciu kién chiu nén trong
diéu kién xay dung tai Viét Nam.

Trén co s thuc t& do, chiing toi thuc hién nghién ciiu thuc nghiém dinh gia anh hudng ctia hiéu
ting b6 clia cot dai dbi véi kha niing chiu luc doc truc trong cAu kién chiu nén tiét dién tron ciu tao dai
xoan, mot ciu kién ngay cang dudc st dung rong rai trong cac cong trinh nha cao tang va cau dudng,
véi cac muc ti€u sau:

- Quan sat ddnh gia trang thai phd hiy cta cot tron khi chiu luc nén véi céc ciu tao cot dai
khac nhau;

- Pénh gi va so sanh su khdc nhau gitta két qua tinh ton ly thuyét véi két qua thuc nghiém;

- Panh gia 4nh hudng cla viéc b tri cdt dai (budc cbt dai) dbi véi kha ning chiu luc doc cla
cOt tron.

2. Cong thitc xac dinh kha ning chiu nén ctia ¢dt cé ké t6i anh hudéng cia cot dai
2.1. Céng thiic ciia Mander va cs. [1]

M6 hinh dudgec Mander va cs. [1] dua ra vao nam 1988, kém theo dé la cac cong thiic tinh toan
thuc nghiém tinh todn kh4 niing chiu luc ctia cAu kién chiu nén c6 tinh téi hiéu ing bé clia cbt dai.
Quan sit két qua trén Hinh 1 cho thiy cudng do va bién dang cuc han ctia bé tong c6 han ché nd hong
bing cbt dai déu 16n hon dang k€ so v6i mau bé tong khong c6 han ché n hong. Theo Mander va cs.,
cudng do chiu nén ctia cAu kién bé tong cdt thép han ché nd hong dudc tinh toan nhu sau

f;

fle = fl,1-1,254 + 2,254 f_’ 1)
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Hinh 1. M6 hinh ctia Mander va cs. vé quan hé ting suit-bién dang ctia vat liéu bé tong

trong d6 f7. 1a cudng do chiu nén clia mau bé tong c6 tinh t6i hiéu ting bé do cbt dai; 7, 1a cuong do
chiu nén ctia mu bé tdng khong c6 cdt dai; f; 1a dp lyc chéng né hong hiéu qué déi véi ct tron duge
tinh theo cong thuc:

f}’ = OeSKepsfyh (2)

trong d6 fy;, 1a cudng d gidi han chéy thép dai; p; 1a ty 1& thé tich cbt thép dai trén thé tich phan bé
téng phia trong cdt dai; K, 12 hé s6 nén ngang hiéu qua véi dai xoin dudc tinh theo cong thiic:

SI
1-05—
( dS)

K, =
¢ 1_pcc

3)
trong d6 p.. 12 ty 1& dién tich tiét dién cbt thép doc vdi dién tich bé tong phia trong cot dai trén mit
cat ngang clia ciu kién; s’ 1a khodng céach giita cic mép cbt dai ctia hai vong xoin; d; 1a dudng kinh
phan bé tong 1am viéc phia trong vong cbt dai.

Bién dang cuc han ctia cAu kién dugc tinh theo cong thifc sau:

£
145(Le 4
* (fgo )] @

’

_
Ecc = €co

trong d6 &, 1a bién dang cuc han clia mau bé tong c6 tinh tdi hidu tng b6 do cbt dai; £/, 1a bién dang
cuc han ctia miu bé tdng khong c6 cot dai.

2.2. Céng thiic cua Li va cs. [2]

Nhitng nim gan day, cac nha nghién ctiu nhan thiy cdc md hinh thuc nghiém vé hiéu ting bé trudc
day, dién hinh 13 Mander va cs. chi c6 két qua phii hop — hay néi cach khac, cdc md hinh d6 chi phu
hop va gidi thich dugc khi sb liéu da dugc chon loc. Khi so sdnh véi cdc cong trinh thuc nghiém, thi
két qua khic biét kha nhiéu. Do d6, vao thang 6 nim 2000, Li va cs. [2] di tién hanh nghién ciiu va
stta ddi cong thiic ctia Mander va cs., dua ra cdng thic da dudc stra doi dudi day:
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- Cudng dd chiu nén clia ctia bé tong han ché nd hong:
f}/
feo
trong do, ngoai cac tham s6 f7,, f; tinh todn theo nhu cong thiic do Mander va cs. dé xudt, Li va cs.
da dua thém hé sb diéu chinh o« dudc xdc dinh nhu sau:

fl=f.|-1,254 +2254 — 2, (5)

+Néu f, < 52 MPa thi ocy= (21,2 - 0,35f7,) = fl -
CO
+ Néu fl, > 52 MPa thi ocg= 3 IJJ:I
co
- Bién dang cuc han ctia bé tong han ché nd hong:
fe\
boe = £ |1+ 384 (—) ©)
fCO

Tuy nhién, cong thiic ctia Li va cs. dudc nghién ciiu va st dung chii yéu trong bé tong cudng do
cao. Vi vay, trong nghién ctiu nay, ching t6i sé chi st dung cong thic co ban clia Mander va cs. dé
tinh toan so sdnh véi két qua thuc nghiém.

3. Nghién ciru thue nghiém
3.1. Mdu thi nghiém va vdt liéu ché tao

Kich thu6c mau thi nghiém Hinh 2(a) va 2(b) 1a cidc mau tru tron dudng kinh D = 150 mm, chiéu
cao h = 600 mm. CHt thép doc 1a 8 thanh ¢6 bb tri déu, cdt dai xoan ¢3 dudc bd tri véi cac bude khac
nhau theo titng mau. Tai cdc dau ctia mau b tri ting cudng cdt thép doc va dai dé€ chong ph4 hily do
\ing suét cuc bo.

.y 816 86 2038130
Ael====T ®% ® ®
S

T o / \ T/ 3\
lj /")" I 75 J'

400
>

22 [MU-B35) 22 [MC130:835)

N6 303080 o~ \BI6 693850
® @ ®

S J
RS == ) L\» J

22 (MC80-835) 2:2 (MC50-835)

(a) Chu tao cbt thép (b) Cbt thép thuc té tif trdi qua phii miu khong dai, dai
@130mm, @80mm va @50mm

Hinh 2. CAu tao c6t thép trong mdt nhém mau thit

S6 lugng mau dudc chia thanh 4 nhém ting v6i cdc mac bé tong khac nhau B20, B25, B30 va B35
dugc thiét ké theo cip phdi trong Bang 1. Trong mdi nhém mau bao gom: 1 mau khong c6 cbt dai
x0an, 3 mau c6 cdt dai xoin véi cac budc dai 1an lugt 1a: 50, 80 va 130 nhu trinh bay trong Hinh 2 va
Hinh 3.

55



Vi, N. A, Pat, P. X. / Tap chi Khoa hoc Cong nghé Xay dung
Bang 1. Cﬁp phéi vat liéu ctia 4 nhém mau thi nghiém B20, B25, B30, B35

Thé Do Cép phi bé tong
Mac bé tong  tich sut Ximiang Céatvang  DPadim Nudc Phu gia
(m*)  (cm)  PC40 (ke) (kg) (1 x 2) (kg) (lit) (@)
B20-M250 0,6 6-8 22,1 42,1 78,6 12,5 Khong ¢
B25-M350 0,6 6-8 29,2 36,9 69,7 12,8 Khong ¢
B30-M400 0,6 6-8 30,1 39,2 77,6 11,6 Khong ¢
B35-M450 0,6 6-8 30,8 43,3 70,6 11,5 288,7

Hinh 3. Hinh 4nh c4dc mAu thi nghiém sau khi théo vdn khuén

3.2. T6 chiic céng tdc thi nghiém va bé tri dung cu do

Trén Hinh 4 trinh bay bd tri cac thiét bi va cic dung cu thi nghiém. Cac dung cu thi nghiém
bao gom:

- Mdy Datalogger c6 ké ndi v6i mdy tinh Hinh 4(a);

- May nén thdy luc 500 T Hinh 4(c);

- Thiét bi do Iuc 2000 kN Hinh 4(b);

- Dung cu do chuyén vi ditng LVTD Hinh 4(d).

Mau thi nghiém dudc lam phang bé mit d€ ddm bao phan bd ting suit nén dong déu. Luc nén
dudgc gia tai tif tif cho t6i khi phd hoai qua mdy nén thiy Ivc. D& tranh mau bi pha hily sém do ting suit
tap trung & hai dau, cic mau thi nghiém dugc 1ap dit cdc vanh dai bang sit tai hai dAu nham ngang
can bién dang nd hong do ting sut tip trung.

Trong thi nghiém nay, cic dai lugng can do dac gdm: tdi trong tic dung 1én mau thi nghiém va
chuyén vi tai céc vi tri dic trung. St dung may nén thiy luc dé€ tao ra tdi trong tic dung 1én mau thi
nghiém. Gi4 tri tai trong tac dung dudc xac dinh thong qua 01 dung cu do Ivc dién ti. Chuyén vi ding
ctia mau dudi tdc dung cia tai trong dugc xéac dinh thong qua 03 dung cu do chuyén vi dién ti LVDT
dit cach déu nhau mot goc 1a 120 do trén mit phing ngang. Cac dung cu do chuyén vi va do luc dugc
két ndi véi bo thu thap va xit 1y s6 liéu Data logger cho phép ghi nhan tu dong va dong thai 01 gidy/lan
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(d) LVDT

(e) Lép dit bb tri cc thiét bi

Hinh 4. Hinh &nh 1ap dit bb tri thiét bi va mau thi nghiém trén ban nén thiy luc

cac s6 liéu thi nghiém. C4c bién dang clia mAu dudc tinh todn qua sb liéu chuyén vi ldy tif trung binh
gi4 tri do clia ba thiét bi LVTD dit can d6i xung quanh mau thi nghiém nhu trén Hinh 4(e).

3.3. Qui trinh tién hanh thi nghiém

Qua trinh thi nghiém mau thuc hién bsi ché do diéu khién bang luc (load-controlled procedure)
thay vi ché do diéu khién bang chuyén vi (displacement controlled procedure) nhu truyén thdng d6i
véi céc thi nghiém vé hiéu tng bo bé tong. Ly do clia viéc st dung ché do diéu khién bang luc 1a dbi
tugng nghién ctu chinh trong chuong trinh thuc nghiém nay la su gia tang cia kha nang chiu tai trong
chi khong phai kha ning bién dang cla chu kién cot chiu nén. Chu trinh gia tdi mau thi nghiém nhu
sau nhu sau:

- Khéi dong may nén thdy luc, ting Iuc tif tit cho dén khi luc nén mau dat gid tri 16n nhit Py,
1a gid tri ma tiép sau diy sé c6 su gidm dot ngot clia luc nén. Pay 12 dic diém ctia co ché diéu khién
bing luc (load-controlled procedure).

- Giam luc vé gid tri bang khoang 50% gia tri Iuc nén 16n nhét, sau d6 tiép tuc ting luc cho dén
khi mau pha hoai hoan toan, thu dugc luc pha hoai Ppur. Bude gia tai nay duge thuc hién véi hai
muc dich chinh. Thi nhat 14 x4c nhan gid tri luc 16n nhit d€ phuc vu cong tic vé dudng do thi ting suit
nén — bién dang tuong d6i. Thit hai 1a x4c nhan dang phd hoai (failure modes) ctia mau thi nghiém.

- Thu thap céc s6 liéu tai trong va chuyén vi do dé tinh to4n bién dang va vé lai do thi tii trong véi
bién dang ctia miu.
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4. Phan tich va danh gia két qua thi nghiém
4.1. Pdnh gid co ché phd hoai ciia cdu kién

C6 thé quan sat thay 1a miu tru khong c6 dai xoan, khi bi phd hoai thi cbt thép doc bi cong vénh
tai khu vuc giita cot, cac thanh thép nay cé xu huéng phinh ra phia ngoai. Tréi lai, cic miu c6 gia cb
thém cdt dai xoan, thi cc thanh cbt doc gin nhu khong bi bién dang hoic chi cong vénh rt it. Cu thé
hon, d6i véi bude dai 130 mm, thép doc c6 hién tugng cong vénh it hon 16 rét so véi mau khong cé
dai xoan. Con ddi véi céc budc dai nhu 50 mm va 80 mm, thi hién tugng nay gan nhu khong xdy ra
(Hinh 5).

Hinh 5. Két qu mu bi phd hoai theo th tu tir trdi qua phéi tuong dng v6i cidc mau c6 bude dai
50 mm, 80 mm, 130 mm va khdng c6 dai xoan

Co ché pha hoai 1a do khi chiu tac dung Iuc nén phan bé tong sé bi nd ngang va cot thép doc bi
phé hoai & trang thai mit 6n dinh doc truc. Khi c6 thém cdt dai xoan, hién tuong nd ngang clia bé tong
bi han ché do kha niing chiu kéo ctia cbt dai. Pong thdi cbt dai 1am giam chiéu dai tu do cia cbt thép
doc hay gidm d6 manh tir d6 ting kha ning chdng mét &n dinh doc truc cdia cbt doc. Vi vy, khi bude
cbt dai cang nho thi dd manh cta cbt doc cang nhd dan téi su pha hoai ctia cAu kién it hon.

4.2. Do thi iing sudt nén va bién dang ciia cdc mdu thi nghiém

Do ting suit bién dang clia cdc miu thi nghiém dugc dung véi truc hoanh Ia gia tri bién dang
tuong dbi dudc tinh toan theo cong thiic (7) nhu sau:

1
Ecomp. = i(fl + L+ 1) (7
trong d6 &comp. 1a gia tri bién dang nén doc truc trung binh ctia mau thi nghiém; fi, f> va f3 1a chuyén

vi tuong dbi giita hai vong thép dudc gin cb dinh vao mau bing cic bulong dugc do bing 03 LVDT
nhu da trinh bay trong Hinh 4(e); L = 150 mm la khoang cach gitta hai vong thép.
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Truc tung 12 gi4 tri ¥ng suit nén dudc tinh todn theo cong thic (8):

Pmax
— 8
nR? ®

trong d6 o omp. 12 ing SuAt nén; Py 12 gid tri luc nén 16n nhit do dudc; R = 75 mm Ia ban kinh tiét
dién mau try.

Hinh 6 trinh bay dudng cong ting suét bién dang ctia cdc mAu thi nghiém thuéc nhém B30. C6
thé nhan thiy, do mau dugc thi nghiém véi qui trinh kiém sodat Iuc (load-controlled procedure), dudng
cong nay co ban khac véi dudng cong ting suit bién dang ctia miu dudc thi nghiém bdi qui trinh kiém
soat chuyén vi (displacement-controlled procedure) nhu da dudc trinh bay trong Hinh 1. Mot diém
dang luu y & day 1a cc dudng ldp 6 cdc chu trinh gia tai tiép theo déu cho gid tri luc phd hoai Pyifure
nhd hon gia tri luc P,y trude d6. Nhu vay, xét vé phuong dién ddnh gia kha ning chiu luc thi P
dugc xem la kha ning chiu tai trong 16n nhit ctia mau thi nghiém. Mt khéc, do cac dudng gia tai lip
sau khi luc nén dat gid tri 16n nhat trung khép vé6i duong ha tii & chu ky dau tién, cdc dudng niy sé
duoc tdi gidn & cac dd thi tiép theo dé thuan tién cho viéc binh luan biéu dd.

T comp. =

40
35
30
25

20

Ung suat (MPa)

—a#— BDTB-130
—O—BDTB-50

0 0.0002 0.0004 0.0006 0.000§ 0.001 0.0012 0.0014 0.0016 0.0018
Bién dang

Hinh 6. D6 thi gbc dng suat nén — bién dang clia cdc mau thi nghiém nhém B30

Hinh 7(a), 7(b) va 7(c) tuong dng trinh bay quan hé ing sut nén va bién dang clia cic mau thi
nghiém thudc nhém B35, B30 va B20. C6 thé thiy 12 ngoai trit mau B20-D3@50 thi cdc miu con lai
déu c6 dudng quan hé ting suét-bién dang tuong dong v6i mot sd dic diém chinh nhu sau:

Thi nhét, cic d6 thi trong cing mdt nhém mau c6 dd dbc trong qua trinh ting va ha tii giéng
nhau. Mot s6 dudng ting tai trong cing mot nhém mau thim chi triing khép (vi du: cdc mau thudc
nhém B35, Mau B30-D3@ 130 va B30-D3@50). Diéu nay chiing t3 ham lugng ct dai khong c6 anh
hudéng nhiéu dén do ciing khdng nén clia cdc miu thi nghiém.

Thi hai, tuong dng véi ham lugng cdt dai ting dan (ty 1& nghich véi bude cbt dai) thi diém dat gid
tri 16n nhit cda luc nén c6 xu huéng dich chuyén sang phai. Pay 1a dau hiéu rit quan trong dé& danh
gia déng gop cla cot dai dbi véi dng xi déo két ciu (structural ductility) ctia mau thi nghiém. Mic
dit nhAn manh rang phuong phép thi nghiém cho tip cidc mau nay 1a phuong phap khéng ché gia ting
luc (load-controlled procedure) chii khong phéi 1a phuong phép gia ting chuyén vi (displacement-
controlled procedure) nhu truyén thong dbi véi cac nghién ctiu vé hiéu ting bo trong két ciu bé tong
cbt thép. Chinh vi diéu d6 cho nén cdc dudng cong ting suat-bién dang nay tuong d6i khic hon so véi
dudng cong ing suit-bién dang dudgc trinh bay trong Hinh 1.
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Hinh 7. D thi ting suit nén va chuyén vi clia cdc mau thi nghiém thudc nhém B35, B30 va B20
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Mot diém chung c6 thé thiy ro 12 mic du diém dng suét 16n nhit c6 xu hudng dich chuyén sang
phai & trong cac do thi néu trén, gia tri tuyét dbi clia cac dd thi trong ciing mot tip mau khong c6 su
khéc biét 16 rét & hau hét cac nhém mau, ngoai trif nhém mau B30. C6 thé nhan thiy 1a sy dnh hudng
ctia ham lugng cbt dai anh hudng 1én cudng do chiu nén ctia mau 1a khong thuc su rd nét.

4.3. So sdnh két qud thuc nghiém va két qud tinh todn Iy thuyét

Bang 2-5 trinh bay két qua ly thuyét cudng dd nén doc truc va bién dang cuc han dugc tinh todn
theo md hinh Mander va cs. [1], va gia tri ¢ng suét nén cuc han do dugc trén cic miu thi nghiém.
Déi v6i két qua thuc nghiém, do mau dugc nén vd bang ché do kiém soat luc (thay vi ché do kiém
soat chuyén vi), cac gia tri bién dang thu dudc khong phai 1 gia tri cuc han va do d6 khong dudc dua
vao d€ so sanh. C6 thé nhan thiy ing suit nén thi nghiém thuc té c6 do bién dong nhit dinh, dic biét
12 cac mau khong dugc bd tri cbt thép. Vi du, mau khong c6 cbt thép clia nhém B25 ¢6 gia tri ing
suit 1a 15,4 MPa, thap hon kha nhiéu so véi gia tri ly thuyét tuong tng 12 25 MPa. Trong khi d6, mau
khong cbt thép ctia nhém B20 va B35 ¢ cudng do tuong ting 12 30,7 MPa va 40,9 MPa, cao hon so
véi gidt tri 1y thuyét.

Tuy nhién, do bién dong nay gidm di nhiéu dbi véi cidc mau dudc bb tri cdt thép. DPdi véi cdc mau
nay, nhu trinh bay trong cic bang so sanh, gid tri ly thuyét tinh toan theo cong thiic do Mander va cs.
dé xuit nhin chung déu nho hon hoic xip xi bang cudng d6 nén miu thu dudc tai hién truong. Cac
mau thi nghiém c6 do vénh tuong dbi 16n gitta 1y thuyét va thuc nghiém c6 thé ké dén 1a cac mau
thudc nhém B20 va miu @130 mm va @80 mm thudc nhém mau B25. Cac mau con lai déu cho két
qua thuc nghiém va ly thuyét tuong d6i sat nhau.

So sénh gia tri trung binh cla toan bd cdc mau trong nhém nhu sau:

- Tai Bang 2 nhém mau B20 két qua 1y thuyét thip hon so véi thuc nghiém 22,7%;

- Tai Bang 3 nhém mau B25 két qua ly thuyét thap hon so véi thuc nghiém 5,56%:;

- Tai Bang 4 nhém mau B30 két qua 1y thuyét thip hon so vé6i thuc nghiém 1,1%;

- Tai Bang 5 nhém mau B35 két qua 1y thuyét thip hon so véi thuc nghiém 5,7%.

Nhu viy, dbi véi gid tri trung binh, ngoai trit nhém mau B20 thi cdc nhém mau con lai gid tri ly
thuyét kha st vé6i gia tri thuc nghiém.

Bang 2. So sanh két qua giita ly thuyét va thuc nghiém mau bé tong B20

Khong dai @130 mm @80 mm @50 mm

L6 thuvét Cudng d6 (MPa) 20,0 21,0 22,08 23,74
y R Bién dang (mm) 0,0016 0,002 0,0024 0,003
Thue nghigm  CUonE 40 (MPa) 30,7 26 26,6 29,1
Bien dang (mm) - - - -
Bang 3. So sanh két qua gitta 1y thuyét va thuc nghiém miu bé tong B25
Khong dai @130 mm @80 mm @50 mm
Lo thuvét Cudng do (MPa) 25,0 25,9 27,0 28,6
Y Hhuy Bién dang (mm) 0,0018 0,0022 0,0025 0,0031
Thue nghiem  CUonE 40 (MPa) 15,4 34,7 33,3 29,5

Bién dang (mm) - - - -
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Bang 4. So sanh két qua giita ly thuyét va thuc nghiém mau bé tong B30

Khong dai @130 mm @80 mm @50 mm

L9 thuvét Cuong do (MPa) 30,0 30,9 31,9 33,6
v Y Bién dang (mm) 0,002 0,0023 0,0026 0,0032
Thye nghiém Cuting do (MPa) 28,6 33,7 31,2 343
Bién dang (mm) - - - -
Bang 5. So sanh két qua giita ly thuyét va thuc nghiém miu bé tong B35
Khong dai @130 mm @80 mm @50 mm
Ly thuvét Cudng do (MPa) 35,0 35,7 36,53 37,8
¥ty Bién dang (mm) 0,0025 0,0027 0,003 0,0034
Thyc nghiém Cuodng do (MPa) 40,9 38 37,3 37,7

Bién dang (mm) - - - -

Su 4nh hudng ctia ham lugng cbt dai d6i v6i cudng do chiu nén thuc té thu dudc ciing cho thiy
nhitng bién dong nhit dinh. Khi budc cbt dai giam tir @ 130 mm xudng @50 mm, gid tri 1y thuyét clia
cdc mau c6 xu huéng ting dan déu. Tuy nhién, xu huéng ting dan nay chi diing véi cic mau thudc
nhém B20 va B30, nhung lai khong hoan toan ding d6i v6i cidc mau thudc nhém B25 va dic biét 1a
nhém mau B35 1a mAu c6 sit dung phu gia bé tong. Hay néi cach khéc, cdc dnh hudng ctia mat do cot
dai d6i v6i cudng do nén clia cic mau thi nghiém c6 st dung phu gia bé tong 13 khong 16 rang. Diéu
nay c6 thé dugc 1y giai 1a do &nh hudng cta phu gia, bé tong nay c¢6 xu hudng “don” hon cic loai bé
tong thong thuong ma hé qua 1a su han ché déi véi hiéu ting b6 do cbt thép dai mang lai. Trudng hop
nay can tiép tuc nghién ciiu xem xét ki ludng trong céc nghién cifu tiép theo trén s6 lugng mau thi 16n
hon d€ c6 thé c6 mot danh gid chinh xdc c6 tinh chét théng ké. Céc phan tich trén day ciing cho thiy
viéc st dung cong thiic ly thuyét d€ tinh toan cudng do chiu nén ctia cot trong diéu kién tinh téi anh
huéng ctia ¢t dai cAn cin nhic than trong va dic biét luu y t6i chit lugng cAp phdi bé tong thi cong
tai cong trudng.

5. Két luan

Mic du hiéu ing b6 dbi vé6i ting xit nén ctia cot BTCT da dudc ghi nhan trén toan thé gi6i, hién
van c6 rat it nghién ciiu ly thuyét va thuc nghiém ddi véi hiéu ting bé dudc cong bd trong nuée. Tham
chi phién bdn méi nhit ban hanh trong nim 2018 ctia tiéu chuin thiét ké két cAu bé tong cbt thép
ctia Viét Nam TCVN 5574:2018 ciing khong c6 nhiing chi d4n cu thé cho vin dé nay. Chuong trinh
nghién ciiu thuc nghiém trinh bay trong bai bdo nay di cung cip dudc mot bd sb liéu khach quan
trén 16 miu cot c6 dudng kinh 150 mm va c6 chiéu dai 600 mm v6i mac bé tong va bube cot dai
khéac nhau.

Khong kho d€ c¢6 thé nhan ra rang vé co ban, bd s6 liéu thi nghiém nay da xac nhan mot sd két
qua nghién ctfu quéc té, trong d6 c6 bao gdom: (i) Hiéu ting b6 do cbt dai gia ting ddng ké kha niing
chiu tai trong ctia ciu kién chiu nén, (ii) Dang pha hoai dién hinh ctia cAu kién chiu nén c6 bao gdm
su va bé tong két hop v6i su mit 6n dinh clia ¢t thép doc, va (iii) Su gia ting hiéu ing b c6 thé dugc
mang lai tif viéc giam chiéu dai budc dai. So sanh giita két qua thuc nghiém thu dudc véi gia tri du
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bdo 1y thuyét theo md hinh ctia Mander va cs. ciing da dudgc tién hanh va cho thiy gitta hai tip gid tri
c6 su sai léch nhét dinh. Piéu nay c6 thé giy ra bdi tinh chat va chit lugng ctia cip phdi bé tong tai
phong thi nghiém néi riéng ciing nhu & Viét Nam néi chung. Do d6, can c6 nhiing chuong trinh thuc
nghiém véi qui mo 16n hon vé vén dé nay.
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