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TGM TAT

Ddi vai viec thi cang bom bé tang cho cang trinh sigu cao tang, vigc
kiém soat chat lrong bé tang dé dam béo tinh dn dinh va dang nhét
cia hdn hop bé tang bom |3 diéu cén thigt. Tir da, thigt lap quy trink
kiém soat chét lrgng han hop bé tang bom, ca tinh céng tac trong
ving lru bign dd duge nghign cou trede da. Quy trinh nay cin bat
ddu tir bai toan thigt ke thanh phan hén hep bé tang bom, duge kigm
tra tai Phang thi nghiém vé tinh cong tac. tinh co Iy va céc thang sd
v dac trung leu bign dat yéu cdu, khi cép phdi dat yéu cau s tign
hanh bom ngang thyc té. Bai bao dua ra dé xut quy trinh kiém soat
chét lrgng hén hop bé tang bom duge thé hign thang qua céc thi
nghiém SF, Tv, Tsoo, o, p duoe thue hign trong phang thi nghigm,
kiém tra chét lrgng han hop bé tang trude va sau khi bom ngang
thirc nghigm, tir da danh gia kha nang bom dimg.

Tir khda: B tang tu |en; viing lru bign; ap lrc bom; bom ding; bom
ngang.

ABSTRACT

When pumping concrete for supertall buildings, it is necessary to
control the concrete quality to ensure the stability and uniformity
of fresh concrete. Then, establishing a quality control process for
pumping concrete, which has workability within the rheological
range has been studied beforehand. The study process began with
mix design for pumping concrete, and laboratory experiments on
workability, rheological properties, and mechanical performance.
Subsequently, the approved mix design is implemented in actual
horizontal pumping tests. This research proposes a quality control
process for pumping concrete through laboratory experiments,
and performance tests in field conditions when conducting
horizontal pumping. The test results can be utilized to evaluate the
ability of vertical pumping.

Keywords: Self-compacting concrete;  rheology;
pressure; vertical pumping; horizontal pumping.

concrete

1. GIOI THIEU

Trong thuc té thi cong cho cong trinh siéu cao tang (c6 chiéu
cao tu 300m dén 600m), khi bom bé téng thdng ding thi can ap
luc bom rét 16n. D€ dadm bao tinh én dinh va déng nhat cta hén
hop bé tdong bam, can thuc nghiém bom ngang trudc khi bam
dung vGi cac thong s6 quy déi vé chiéu dai dudng 6ng va ap luc
bom tuong Ung theo ACI 304-2R.17 [1]. Trong qua trinh nghién
cuu, khi tinh toan ap luc bom va luu lugng da cé cac nghién clu
ly thuyét, nhung chua dé cap van dé anh hudng chiéu cao bom
dén ap luc bom. D& ddm bao viéc thi cdng bom bé téng cho cong
trinh siéu cao tang, can cé bai toan thiét k& thanh phan hén hop
bé téng bom, dugc kiém tra tai Phong thi nghiém vé tinh chat
d6 déo, tinh ca ly va cac thong s6 mé rong cho bé téng bom la
thr dé déo, tinh chat ca hoc dat yéu cau bom ngang, sau dé mai
dugc tién hanh bom ding.
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1.1 Tinh hinh nghién ciu vé tinh céng tdc va ddc trung luu bién
ctia hén hop bé téng tu'lén

Hién tai trén thé gi6i da c6 nhiéu cong trinh nghién cuu vé cac
thong s6 ky thuat vé tinh cong tac cling nhu dac trung luu bién va
anh huéng clia cac thong sé nay dén kha nang bom ctia hén hop bé
tong néi chung cling nhu bé tong tu len (BTTL) néi riéng.

Nam 2002, Bartos va cac déng nghiép [2] da dua ra mét s6
phuang phap thi nghiém dé xac dinh cac théong s6 ky thuat vé tinh
céng tac va tinh luu bién cta hén hop bé tong va BTTL. Cac thi
nghiém xac dinh cac thong so6 ky thuat vé tinh céng tac nhu thi
nghiém do dd chay xoe (SF), thai gian chdy qua phéu V (Tv), thoi gian
chdy xuyén qua vong J-ring, L-box, thi nghiém K-slump cling da
dugc dua vao cac tiéu chuin chau Au. Vé cac théng s6 dic trung luu
bién, st dung cac thiét bi thi nghiém nhu luu bién k&, nhét ké dé xac
dinh Ung sudt chay va dé nhét déo ctia hdn hgp bé tong va BTTL.
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Nam 2003, Wallevik [3] da dua ra gia tri d& chay xoe thap nhat
dé hén hgp bé tong dugc goi la BTTL, déng thai tng vdi tlng
khodng d6 chay xoe sé co tiing khoang d6 nhét déo va Ung suat
chay riéng. Néu d6 nhét déo c6 gia tri nho hon 40 Pa.s, BTTL sé c6
ng suat chdy dang ké tuy thudc vao dd nhét. Mat khac, néu BTTL
qua nhét véi dd nhét déo 16n hon 70 Pa.s, Ung sudt chay cta hén
hgp BTTL coi nhu gan bang 0 (Hinh 1). Tac gia cling dé xuat rang véi
hén hop bé téng co6 ting suat chay I6n hon 40 Pa va d6 nhét déo

nhé hon 50 Pa.s |a hoan toan cé thé bom ngang dugc.
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Hinh 1. Khu vuc dé xudt (ing sudt chdy va do nhét déo cho BTTL [3]

Koehler va cac dong nghiép, nam 2007 trinh bay cach xac dinh
Ung suat chay tinh va ting suat chay déng ctia hén hgp BTTL bang
luu bién ké ICAR [4]. Tac gia néu ré tinh luu bién cta hén hop BTTL
la cong cu hitu ich d€ danh gia, thiét ké va quan ly chat lugng BTTL,
trong do, Uing suat chay tinh dugc xac dinh & trang thai tinh, con
Ung sudt chay déng xac dinh cho dong chay. Pé nhét déo dac trung
cho d6 dinh va d6 déng nhat, con do xuc bién xac dinh cho trang
thai nghi. Ngoai ra, tinh luu bién c6 thé dugc t6i uu dé dam bao tinh
coéng tac ctia BTTL (Hinh 2). Khi BTTL ¢6 Uing suat chay déng thap, dé
nhot déo va dé xuc bién khéng bi anh hudng. Trong qua trinh thi
céng, muén gidm ap luc [én van khuén thi gidm (ng suat chay tinh
la tng xudt gay ra bdi tinh xudc bién ctia hén hgp BTTL. Khi bom hén
hop BTTL, can tang Ung suat chay tinh va d6 nhét déo dé tang kha
nang chéng phan tang.
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Hinh 2. S thay di (ing sudt chay cta hdn hop BTTL trong qua trinh van chuyén va thi
cong. [4]

1.2 Tinh hinh vé nghién citu hén hop BTTL thi céng bom cho
cdng trinh siéu cao tdng

Chiéu cao cula cac céng trinh cao tang trén Thé gidi dugc chia
lam ba nhém: cao tang (tall) la nhiing céng trinh c6 chiéu cao duéi
300m, siéu cao tang (supertall) Ia nhirng co6ng trinh c6 chiéu cao ti
300m dén 600m, cuc cao tang (megatall) la nhiing céng trinh c6
chiéu cao tir 600m trd lén [5]. Do chiéu cao céng trinh anh huéng
dén viéc thi cdng bam théng ding |én cao, nén trén thé gidi da co
nhiéu nghién ctu vé cac thong so6 ky thuat ctia hén hop bé tong s
dung cho nhimng céng trinh siéu cao tang.

Nam 2013, Nehdi [6] va Bester [7] téng hgp nghién ctu hiéu qua
st dung hén hop BTTL bom cho cac céng trinh siéu cao tang cua
Aldred [8] khi thi cong tda nha Burj Khalifa v6i 166 tang va chiéu cao
828m. Trong bai bao, tac gia da gidi thiéu vé cap phoi C80-20 va

C80-14 ctia hén hgp BTTL dugce st dung c6 khoang 50% la cét liéu
nho, tro bay thay thé 13-20% va silica fume thay thé 5-10% (Bang 1).
Cang lén cao, strdung cét liéu 16n c6 Dmax nhd nhdm tang su én dinh
va chéng phan tang ctia hén hgp bé tong dudi ap luc bom Idn.
Ngoai ra, bai bao cling dé cap dén cac cau kién & vi tri cao hon tang
127 thi Dmax cla c6t liéu 16n (CLL) phéi nhé han 10mm, ldc nay ap
luc bom vao khoang 200 bar nhu trén Hinh 3. Trong qua trinh bom,
d6 nhét déo ctia hdn hgp bi gidm mét niia va ting suat chady déng
tang gap doi. Diéu nay dugc cho la do su gia tang nhiét d6 cla bé
téng trong qua trinh bom va nén dugc dua vao tinh toan khi thiét
k& hon hop BTTL.

Ferraris va cac ddong nghiép nam 2017 [9] da danh gia vai tro clia
luu bién hoc d6i véi su phat trién clia bé tédng chat lugng cao, bao
g6ém ca BTTL. Ung suit chay va do nhét déo anh hudng dén nguy
co phén tang va ap luc bom ctia hén hgp bé tong. Khi ting suat chay
va dé nhét déo cang tang cao thi hdn hgp BTTL it phan tang nhung
can ap luc bom 16n. Ngugc lai, khi Ung suat chay va doé nhét déo
thap thi hén hgp BTTL can ap luc bom nhé nhung dé bi phan tang.

Hon nia, tiéu chudn ACI 237R cGa My nam 2007[10], tai liéu
huéng dan thi nghiém vé BTTL va EN 12350-2010 ctia chau Au [11],
[12], tiéu chudn vé bé téng va BTTL ctia Nhat [13] déu cé nhiing quy
dinh cu thé vé trinh tu thi nghiém, phan loai va cach danh gia hén
hop bé tdng néi chung va ctia BTTL ¢6 thé bom dugc cho céc cong
trinh nha cao tang ndi riéng.

Bdng 1-Mét sé ddc trung trong cdp phéi hén hop bé téng cho
céng trinh Burj Khalifa [7]
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Hinh 3. Bi€u d6 quan hé giita ap luc bom (bar) véi chiéu cao bom (m) phu thudc vao
Dimax clia céc hat CLL v6i céc hon hgp bé tong st dung cho Burj Khalifa [8]

Theo ACI 238.1R-08 [14] mét s6 mé hinh da dugc dé xuat va s
dung nham danh gia dugc kha nang luu bién ctia hén hgp bé téng.
Bén canh d6, tiéu chuin cling trinh bay cac thi nghiém xac dinh luu
bién ctia hon hop bé téng, bao gém céc thi nghiém xac dinh mét
thong s6 luu bién (thi nghiém dé sut, d6 chay xoe, K-slump) cac thi
nghiém xac dinh nhiéu thong s6 luu bién (nhét ké BML, nhét ké
BTRHEOM, 1B, ICAR).

Vao nam 2020, Yen Cu va cac déng nghiép [15] da nghién ctu
Iua chon hé nguyén vat liéu dé thiét ké hén hgp BTTL dat yéu cau
vé céac thong s6 ky thuat vé tinh cdng tac (d6 chay xoe tir 680 dén
750 mm, Tseo tU 1 dé&n 2 sva T, tlr 3 d€n 6s.) c6 thé bam cho cac cong
trinh siéu cao tang. Cac tac gid xdy dung dugc quan hé gila cac
thong s6 ky thuat véi dac trung luu bién ctia hén hgp BTTL nay, tur
d6, dua ra vung luu bién phu hgp cho BTTL diing bom cho céng
trinh siéu cao tang thé hién trén Hinh 4. Vung tinh céng tac trong
hinh binh hanh c¢é ting suét chay dao déng tir 9 dén 18 Pa, d6 nhot
déo thay d&i tir 36 dén 54 Pa.s, 1a khu vuc luu bién thich hop thé hién
cac cap phai BTTL c6 tinh céng tac t6t phu hop bom ding cho céng
trinh siéu cao tang. Viéc thiét lap dugc vung luu bién nay gitp giam
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50 lugng thi nghiém cling nhu thai gian va chi phicho cong tac thiét
ké hén hgp BTTL bom ding cho céng trinh siéu cao tang.
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Hinh 4. Viing ting suat chy va do nhdt déo dé xudt cho BTTL bom cho cong trinh siéu
cao tang

2. PHUONG PHAP THi NGHIEM

Theo tai liéu huéng dan vé bom bé téng cla Nhat, dé dam bao
bom thdng ding trén 300m thi can kiém ching bom ngang 1000m
dén 1200m [13]. Hon nifa, theo ACI 304-2R.17 [1], dé tinh toan ap luc
bam, c6 cac hé s6 quy ddi cu thé vé chiéu cao bam, loai va chiéu dai
dudng éng st dung, hang s6 nhét cdia hén hgp bé tdng st dung thi
céng bam. Quy trinh kiém soat chat lugng bé tong thi cdng bom tai
hién trudng cho céng trinh siéu cao tang dugc dé xuat trén Hinh 5.

Thiét ké cAp phdi BTTL tai PTN baT Chon 4p lyc bom ngang
Mic BT 60MPa ACI 304-2R.17 —
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+ Tog i 1-2(5) 4--—-"+r—-——-——-- —
+T,:3-6(s) KHONG
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Hinh 5. Quy trinh kiém soét chdt lugng bé tong thi cong bom tai hién truding

2.1 Tinh todn dp luc bom ngang kiém chiing

Tham khao biéu d6 quan hé giira 4p luc bom va chiéu cao céng
trinh khi thi cdng toa nha Buiji Khalifa trén Hinh 3, véi chiéu cao tu
300m tr@ 1én, ap luc bom tur 130 bar.

Gid st dé bam duoc chiéu cao 300m, theo ACI 304-2R.17 [1] thi téng
chiéu dai dudng 6ng bom ngang va ding la 400m, chon theo dudng
(1) trén Hinh 6. Néu chon luu lugng bom tai diém A 1a 30 m3/h va dudng
kinh ng bam la 125 mm. Tu diém A ké dudng thdng ndm ngang cét
dudng clia duding kinh 6ng bom tai diém B. Vi loai BTTL c6 d6 chay
xo6e hon 500mm, gid tri hang s6 nhét b, dugc xac dinh bang luu bién ké
8ng trugt tuong Ung 1a 425 Pa.s/m [16]. T B, ké dudng thang dung cat
dudng hang s6 nhét tai C. Sau d6, ké dudng nam ngang cat dudng
chiéu dai 6ng bom 400 m tai diém D. Tu diém D ta gidong dudng thang
dén truc &p luc bom dugc diém E ¢& 35 bar. Vi mbi 4m bom cao, theo
luu y trén Hinh 6, thém 1 bar nén 300 m sé cong thém 75 bar [16] va
thém 10% t6n that ap sudt, dé xac dinh dugc ap luc bom can thiét tai
diém F. Téng ap luc bom tinh toan ¢ 120 bar. Cudi cung, ti diém A ké
dudng giéng ngang, cat duding giéng ding tu F, @€ xac dinh cdng suat
may bom can thiét la 132 kW.

DE& bam ngang 1200m, chon 4p luc bom dua vao Hinh 6 13 105
bar, thém 10% t6n that thi ap luc bom can thiét c& 115 bar.

2.2 Thiét Idp cdc thi nghiém bom ngang kiém ching

T viéc tham khao ap luc bom cla cac cong trinh trén 300m da
thi cong va tinh toan ap luc bom can thiét nhu trinh bay 8 muc 2.1,

Bom ngang 1000m ‘

Bom thiing dimg }
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thay vi kiém ching bom ngang 1200m, muc tiéu cda viéc kiém
chiling bom ngang la can ap luc bom Ia 120 bar. M3t bang bo tri sé
thém céc co 90° dé gidm chiéu dai dudng 6ng. DE dat &p luc bom
130 bar, v6i chiéu dai dusng 6ng bom ngang la 1000 m chiu ap luc
bom theo dudng (2) trén Hinh 6, mébi co 90° thém 1 bar, nén bé tri
20 co 90° nhu Hinh 7 va Hinh 9.

Thi nghiém bom ngang kiém chiing dugc thuc hién tai tram tron
bdng may bom Putzmeister BSA 2109 HD [17] c6 ap luc téi da la 152
bar. Trinh tu thuc hién bom ngang kiém ching lan lugt ndi thém
dudng 6ng qua ba giai doan: 350m, 600m va 1000m dé kiém tra ap
luc bom khéng gay hu hong dudng 8ng. Mat bang bé tri dudng éng
bom ngang kiém chiing 1an dau 1a 350m thé hién trén Hinh 7 va
Hinh 8.

Thi nghiém bam ngang kiém chiing dugc thuc hién tai tram trén
bdng may bom Putzmeister BSA 2109 HD [17] c6 ap luc téi da la 152
bar. Trinh tu thuc hién bam ngang kiém chiing lan lugt qua ba giai
doan: 350m, 650m va 1000m dé kiém tra ap luc bom khéng gay hu
héng dudng 8ng. Mat bang bé tri dusng 6ng bom ngang kiém
chiing 1000m thé hién trén Hinh 9.
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Hinh 6. Chon &p luc bom theo ACI 304-2R.17
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Hinh 9. S¢ d6 va mét béng b tri dutng 6ng bom ngang 1000 m tai tram trn

3. KET QUA NGHIEN CUU

Pé danh gia kha nang bom ngang véi cac cap phdi nghién cuu,
tac gia kiém chung véi cip phdi bat ky cé tng suat chay va do nhét
déo trong vung tinh cédng tac dé xuat trén Hinh 4.

Dai véi cap phdi SCC-Trial, thanh phan nguyén vat liéu thay déi
loai silica fume, ti 1&é phdi trén gilia cat séng va cat nghién, ti l&
N/CKD va phu gia héa hoc nhu Bang 2 va Bang 3.
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Badng 2-Thanh phédn nguyén vat liéu ciia hén hop BTTL bat ki

bom ngang
Vit liéu Nguén cung cap Khéi lwgng riéng (g/cm?)
(atsong Cat vang song Dong Thap 2,67
(ét nghién Ma dé Tan Cang, Dong Nai 2,75
D& dam Dnax=12.5mm | M0 dé Tan Cang, Dong Nai 2,75
Xi mang PC50 Xi mang Nghi San PC50 3,1
Tro bay loai F Duyén Hai, Tra Vinh ‘ _ ®
Silicafume Icdl Hinh 10. Kiém tra do chay xoe va T trudc khi bom 350m va 1 000m
Phu gia hda hoc Kao(MVN300-LS()
Badng 3-Cdp phéi cia hén hop BTTL bdt ki bom ngang 350m va 1000m
Tén mau M Nudc FA Silicafume N/CKD SP+VMA (Cat song (Catnghién Pa
(kg/m?3) (kg/m?3) (kg/m?3) (kg/m?3) (I/m3) (kg/m3) (kg/m3) (kg/m?3)
SCC-Trial-350 400 195 108 32 0,361 7,02 552 297 752
SCC-Trial-1000 400 195 108 32 0,361 8,10 573 312 729
Két qua tinh cong tac va cac théng s6 luu bién khi khdo sat tai TAI LIEU THAM KHAO

phong thi nghiém (PTN) so véi két qué kiém tra trudc va sau khi
bom ngang thuc t€ dugc thé hién trén Bang 4. Quan sat két qua
sau khi bom ngang, cac gia tri nay c6 thay déi, nhung van dam bao
cac thong sé ky thuat vé tinh cong tac yéu cau déi véi mau tron tai
phong thi nghiém (PTN).

Badng 4-Két qua tinh céng tdc va tinh luu bién cia hén hop
SCC-Trial

Pochay | Tsoo | Tv 70 p Quan sat
Xxoe (s) (s) (Pa) | (Pas) dinh tinh
(mm) BTTL

Mau PTN 730 2,08 7 13,07 | 34,07 Chay tot
Trudc bom 350m 670 185 | 413 | 128 17,8 Chéy tot
Sau bom 350m 630 1,66 | 251 | 168 5,52 Chay tot
Tru6cbom 1000m 780 1,02 | 202 | 153 13,08 Chéy tot
Sau hom 1000m 800 0,55 | 1,89 | 16,05 7,03 Chay tot

Hén hop BTTL sau bom cé d6 chay xoe thay d6i tang hodc gidm
nhung kha nang khang phan tang van nhé hon 15%. Sau bom ngang
1000m, d6 chay xoe c6 tang, do anh hudng ctia ap luc bom va chiéu
dai dudng 6ng bom, nhung hén hgp sau bom van déng nhat. Cac hén
hop nay khdng bi phan tang va tach nudc nhu quan sat trén Hinh 10
va khong xay ra hién tugng nghén dudng 6ng trong khi bom ngang
350m va 1000m. Thi nghiém bom ngang vdi chiéu dai dudng 6ng t6i
da 1000m da kiém chiing viing tinh céng tac trén biéu d6 luu bién
dugc dé xuat cho BTTL st dung bam thang ding 1én cao.

4, KETLUAN

Viéc tinh toan lua chon céng suat may bom va dac trung luu
bién c6 thé tham kh3o theo ACI 304-2R.17. Qua trinh thuc nghiém
cho thay han ché khi ap dung bang tra trén Hinh 6 d6i véi BTTL c6
kha nang chay xoe, vi hang s6 nhét b trén d6 thi chon cong suat
bom theo gia tri d6 sut. Do dé, viec bom ngang kiém chiing lai két
qua nghién ctu la can thiét.

Két qua bom ngang kiém chiing khang dinh vung dic trung luu
bién c6 ting suat chay dao dong tir 10 dén 26 Pa, d6 nhét déo dao déng
tr 41 dén 52 Pa.s trén Hinh 4 (ing vdi gid tri do chay xoe tir 680 dén 750
mm, Tsoo tif 1 dén 2 sva T, tir 3 dén 6s, c6 kha ndng khang phan tang tét,
c6thé 4p dung dugc dé ché tao BTTL bom diing cho cong trinh siéu cao
tang. Quy trinh kiém soat chat lugng bé téng thi céng bom tai hién
truding cho cong trinh siéu cao tang thuc hién theo Hinh 5.
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