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Thuc nghiém suc khang va cham cua bé téng
tinh nang siéu cao cét sgi thép micro theo
phuong phap ACI 544.2R-89 diéu chinh

Experience on impact resistance of of ultra high performance steel fiber concrete base on

modified ACI a44.2R-33
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TGM TAT

Bai bao giti thiu mat phrong phép digu chinh tieu chudn ALl
044.7R-8Y dé thir nghigm sirc khang va cham cia bé téng tinh ning
sieu cao cot sgi (UHPFRC) va ket qua thir nghiém sirc khéng va cham
khi thi nghiém vai UHPFRC cuing dd trung binh 120MPa va [30MPa
chira 2.0% va 2.0% cdt sgi thép micro sir dung céc vat ligu sén ca
tai Viet Nam.

Tir khod: B tang tinh nang sigu cao, bé tang tinh nang siéu cao

cdt soi thép; UHPC; UHPFRC; st khang va cham; ACI 544.2R-39.

ABTRACT

The article presents a method to modify AC| 544.2R-83 for testing
impact resistance of Ultra High Performance Fiber Reinforced
Concrete (UHPERC). The article also shows the results of
experiments on testing impact resistance of UHPRFC with mean
compression strength of 120MPa and [30MPa using 2.0% and 2.0%
micro steel fiber and available Vietnamese materials.

Keywords: Ultra High Performance Concrete; Ultra high
performance steel fiber reinforcement concrete; UHPC; UHPFRE;

impact resistance; ACl a44.2R-39.

1. MG PAU

Bé téng tinh nang siéu cao cot sgi (Ultra high performance fiber
reinforced concrete - UHPFRC) la mét thé hé bé tdng mdi véi nhiéu
tinh ndng vugt trdi so vai bé tong truyén thong va bé tdng cuong
dé cao do dugc lua chon t6i uu vé thanh phan hat, c6 ty 1é N/CKD <
0,25, va c6 thanh phan c6t sgi d€ dadm bao ting x(t déo. Cac tinh chat
n&i bat cia UHPC nhu cudng dé chiu nén > 120 MPa, cudng d6 chiu
kéo uén > 15 MPa, va kha nang hap thu nang lugng 16n.

Dén nay, da c6 nhiéu nghién ctu va cong bé vé tinh chat cda
UHPC dudi tac dung cua tai trong tinh. Tuy nhién céc cong bé vé siic
khang va cham ctia UHPC chua c6 nhiéu. D€ danh gia suic khang va
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cham cda bé téng cé nhiéu phuong phap khac nhau, trong d6 danh
gia theo tiéu chuan ACI 544.2R-89 (tai phé duyét 1999) [1] la dugc
chi dan thong nhat, day du va chi tiét. Trong khi s&t dung phuong
phép nay danh gia stic khang va cham cua bé téng tinh nang siéu
cao da gap phai mot s6 khé khan. Do nang luong va cham cla tha
nghiém nay chi la 20J nén khi thir nghiém trén vat liéu UHPC can s6
lan tha qua nang qua nhiéu, Ién dén hang nghin lan [2](3].

Xudt phat tur thuc té nghién ctu stic khang va cham clia cac loai
vat liéu bé téng xi mang theo Tiéu chudn ACI 544.2R-89, nhiéu tac
gia da kién nghj sta d6i Tiéu chuan nay theo cac huéng nhu sau: (1)
Gilt nguyén quy dinh vé thong s6 thiét bi va phuong phap thi (qua
nang 4,54kg; chiéu cao tha roi 457mm) nhung thay d8i quy trinh ché
tao, hinh dang mau thir pht hgp [2] [4] [5]; (2) Thay d8i trong lugng
qua rai, chiéu cao roi dé gidm s6 lan va dap va thdi gian thi nghiém
[6]; (3) Thay d6i ca trong lugng qua rai, chiéu cao rai va kich thudc
dudng kinh mau thi nghiém dé gidm s6 1an va dap va thdi gian thi
nghiém [6]; (4) SU dung mau thi nghiém tiéu chuan, st dung thiét bi
thi nghiém va cham cé thiét bi do tu déng (Instrumented impact
test) vGi cac loai chiéu cao rai va qua roi o trong lugng rat I6n thay
déi tuy thudc va kich thudc mau th [7].

Trong nghién cttu nay tién hanh thir nghiém stic khang va cham
clia UHPC theo chi dan clia ACI 544.2R-89 va diéu chinh theo huéng
tang khoi lugng qua nang tur 4,54 kg l1én 10kg va tang chiéu cao roi
tu 457mm |én 1000mm, nang lugng va cham 98,1 (J).

2. VAT LIEU VA MAU THU

Thuc nghiém dugc thuc hién véi UHPC c6 cudng doé trung binh
120MPa va 130MPa cha c6t soi thép rat nhé (micro) ham lugng 2,0
va 2,5% (theo thé tich), st dung cac vat liéu san c6 tai Viét Nam.

2.1. Ximdng

Chon s dung xi mang mac PC50 Nghi Son, c6 cac chi tiéu ky thuat
thod man cac yéu cau theo TCVN 6282:2009 nhu trong bang 1.

Bang 1 - Cac chi tiéu ky thuat cia xi mang

Tén chi tiéu Ponvi | Kétqua | TCVN 6282
Cudng d6 chiu nén 3 ngay MPa 27 > 25
Cudng do6 chiu nén 28 ngay MPa 54 > 50
Thoi gian bat dau déng két phut 920 >45
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Thai gian két thic dong két phut 140 <375 nho hon 10um. Thanh phan héa hoc ctia bt Quartz 10 Microns nhu
Lugng sét trén sang 0,09mm % 46 <10 trongél:‘égng -4"I'hénh phan héa hoc cia bét Quartz
Dién tich bé mat riéng cm?/g > 2800 STT Tén chi tiéu Két qua
Do 6n dinh thé tich mm 1 <10 1 O-xit Si-lic (Si0y) >99.30%
SO3 % 2.23 <35 2 O-xit Nhom (Al>0s) <0.01%
MgO % 1.08 <50 3 [O-xitKa-li (K:0) <0.01%
Mat khi nung (MKN) % - <30 4 O xit Na-tri (Na20) <0.01%
Can khong tan % - <15 5 O-xit Can-xi (CaO) <0.01%
Kiém quy déi % - <06 6 O-xit Sat (Fe,0s3) <0.03%
Khéi lugng riéng g/cm? 3,1 - 7 O-xit Ma gié (MgO) >50PPM
2.2. Phu gia khodng hoat tinh 8 O-xit Ti tan (TiOy) <0.01%
Phu gia khoang hoat tinh s&t dung mudi si-lic loai Silica Fume SF- —
90, xuat xt Trung Quéc, thod maén cac yéu cau ky thuat theo ASTM 9 Mat khi nung (950°C) <0.10%

C1240-05 va EN 13263-2009. Thanh phan hod hoc va cac tinh chat
vat ly ciia mudi si-lic trong bang 2 va bang 3.
Bang 2 - Thanh phan héa hoc ciia muéi si-lic SF-90

24. Cétlieu

Cot liéu cho UHPC s dung cét thach anh phéi hgp tur 2 loai: hat
min (V5,5) va hat thé (0,7-0,9mm) c6 nguén géc tir moé cat trang
Phong Dién, tinh Thira Thién Hué. Cat c6 ham lugng oxit silic (SiO2)
> 98% va thanh phan hat nhu hinh 1.

2.5. Phu gia siéu déo

Phu gia siéu déo st dung Sika Viscocrete 3000 - 20M gé&c¢
polycarboxylat cai tién cta hang Sika phu hgp vdéi loai G theo tiéu
chuan ASTM C494.

Hinh 1. Cap phdi hat clia cat quartz

2.6. Cét sgi thép

Cét sgi thép st dung trong thi nghiém loai soi thép rat nho
(micro). Cac chi tiéu ky thuat clia ¢t sgi thép dugc ghi trong bang 5.

Bang 5 - Chi tiéu ky thuét cta cét sgi thép micro

Chi tiéu ky thuat Két qua
Pudng kinh sgi d (mm) 0.2+0.008
Chiéu dai sgi L (mm) 13+£0.5

Ty s6 hinh hoc (L/d) 65

DO bén kéo (MPa) > 1150

Chitiéu | Ponvi | Kétqua | ASTMC1240 | EN 13263
SiO2 % 95,38 > 85 > 85
Fe 03 % 0,0063 - -
Al;03 % 0,20 - -
Cao % 0,13 - <1,0
MgO % 0,37 - -
K20 % 0,68 - -
Na20 % 0,28 - -

C % 0,007 - -
SO3 % 0,003 - <20
Situdo % 0,006 - <04
cr % 0,001 - <0,3
Do dm % 1,86 <3,0 -
MKN % 0,99 <6,0 <4,0

Bang 3 - Chi tiéu ky thuat ctia mudi si-lic SF-90

Tén chi tiéu Ponvi | Kétqua | ASTM C1240

Lugng sét trén sang 45 um % 6,12 <10
D6 phan tén hat qué c& % 1,39 <5
tinh tu gia tri trung binh
Dién tich bé mat riéng m?%/g 20,02 >15
Khoi lugng riéng g/cm? 2,2 -
Khéi lugng thé tich x6p kg/m3 368 -
Chi s6 d hoat tinh & 7 ngay % 118 > 105

Tiéu chuén ASTM A820

2.3. Chdt bét tro
Chét bot tro sir dung trong thi nghiém la bot dé thach anh trang
thuong hiéu Quartz 10 Microns nhap khau tir An Do, c& hat chi yéu

2.7. Thanh phan vat liéu va ché tao mdau thu

Thanh phan UHPC véi ham lugng cét sgi thép khac nhau (2,0%
va 2,5% theo thé tich) va dugc ky hiéu nhu trong bang nhu trong
bang Bang 6
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Bang 6 - Ky hiéu va thanh phan vat liéu thi nghiém

Ky hiéu mau

T Vatliéu M120 | M120 | M130 | M130

$2,0 $2,5 $2,0 $2,5

7 | Siéu déo (kg) 19.03 | 18.84 19.4 19.2
8 | Cisgithép 3185 | 394.1 | 3247 | 401.7
Ty 1é MS/X 0,30 0,30 0,30 0,30
Ty 1é N/CKD 0.22 0.22 0.20 0.20

1 | CatQuartz 0.7-0.9 (kg) 7709 | 763.2 | 7859 | 7778

2 | CatQuartz0.1-0.5 (kg) 107.5 | 1064 | 109.6 | 108.5
3 | XM PC50 Nghi Son (kg) | 710.1 | 7029 | 7238 | 7164
4 | BotQuartz 10 micron (kg) 198.8 | 196.8 | 202.7 | 200.6
5 | Mudi silic SF90 (kg) 2414 239 246.1 | 243.6
6 | Nudc (kg) 196 194.0 | 1804 | 1786

a. Mau trong thdi gian bao dudng

Mé&i mé trdén dé 03 mau tru kich thudc D100xH200mm dé xac
dinh cudng d6 chiu nén va 01 mau tru D150xH300mm dé cat Iay ra
03 mau day 63,5mm cho thi nghiém stic khang va cham. Cac mau
thr dugc thao khudn sau 24 gi¢ va bao dudng bang cach ngam
nudc nhu trong hinh 2.

Ma3u thitva cham dugc bdo dudng dén 27 ngay tudi thi lay ra cit
thanh cac mau dang dia day 63,5mm theo so d6 nhu trong hinh 2.
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b. So d6 cat mau va cham

e

Hinh 2. Méu thi nghiém trudc (a) trong thoi gian bao dung va (b) so d6 cdt mau dé thi nghiém va cham (c)

3. THU NGHIEM VA KET QUA

Stic khang va cham dugc thi nghiém theo phuong phap tai
trong rdi l3p lai nhiéu lan v&i qua nang co6 khéi lugng m = 10 kg, do
cao roi H = 1000mm, dap xuéng vién bi thép c6 dudng kinh D =
63.5mm dat chinh giira mau nhu trong hinh 3. Dém va ghi nhan sé
lan tai trong va cham tha roi tdc dung Ién mau th{, quan sat 2 méc
quan trong: i) s6 lan tha roi dén khi mau thar xuat hién vét nat dau
tién; ii) s6 lan tha roi dén khi mau bi pha hoai (bién dang va cham
vao vat chan cach mép mau tha 5mm).

Néng lugng va cham gay vét nit dau tién (E1) va gay pha huy
mau (E2) dugc tinh theo cong thic (1) va (2).

1
El = Nl.Em.v2 =Nl.m.g.H()) (1
1
E2 = NZ.Em.v2 =N2.m.g.H()) (2)
Trong do:

N1 - Sé lan tha qua nang gay vét nut dau tién;

N2 - Sé lan tha qua nang gay pha huy mau;

m - khéi lugng qua nang (kg), m = 10 (kg);

Vv - van t6c qua nang khi va cham (m/s);

g - gia téc trong trudng (m/s2), g = 9.81 (m/s2);

H - chiéu cao tha qua nang (m), H = 1,00 (m).

DO chiu va cham khi xuat hién vét nut (a1) va khi mau pha hay
(a2) tinh theo céng thuic (3).
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Ek
A= (J/cm?) 3)
Trong d6: V - thé tich mau thi (cm?)
Két qua xéc dinh kich thudc mau thir va dém s6 lan va cham gay
vét nt dau tién va gay pha hily mau nhu trong bang 7.

. S E N

Hinh 3. Thi nghiém va cham‘tal trng‘rdl vau thit trudc, sau khi thi nghiém
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Bang 7 - Két qua xac dinh kich thuéc mau va sé 1an tha qua ning N1 va N2

Méau Pudng kinh ChiéucaoT.B Thé tich N1 N2
Ky hiéu
s6 T.B (mm) (mm) (cm3) Mau TB M&u TB
1.1 151,3 63,2 1.136,38 26 45
1M120S2,0 1.2 151,1 63,3 1.136,17 20 28,33 52 67,00
1.3 151,7 63,8 1.152,03 39 104
2.1 151,3 63,2 1.136,38 21 90
2M120S2,0 2.2 151,3 63,5 1.142,18 27 26,67 137 129,00
23 151,6 63,5 1.147,31 32 160
1.1 1511 63,0 1.128,59 34 65
1M130S2,0 1.2 150,9 63,3 1.131,97 36 41,67 72 88,00
1.3 1511 63,4 1.136,36 55 127
2.1 151,5 62,7 1.130,27 45 135
2M130S2,0 2.2 151,8 62,5 1.130,64 54 59,67 147 160,67
23 151,5 62,2 1.121,86 80 200
1.1 149,9 62,5 1.102,68 28 72
1M120S2,5 1.2 149,6 62,6 1.099,27 32 35,67 79 94,33
1.3 149,9 62,5 1.102,90 47 132
2.1 151,6 62,3 1.125,15 35 75
2M120S2,5 2.2 1514 62,3 1.122,07 47 44,67 123 126,00
23 151,7 62,4 1.127,23 52 180
1.1 150,5 62,6 1.113,52 35 81
1M130S2,5 1.2 150,6 62,6 1.115,00 49 55,67 94
108,67
1.3 150,5 63,1 1.121,43 83 151
2.1 151,4 62,3 1.122,07 60 90
2M130S2,5
2.2 150,8 61,1 1.090,38 81 77,00 242 200,67
23 150,9 61,7 1.104,05 20 270
Bang 8 - Két qua tinh ning lugng va cham gay nut (E1) va ning luong pha hay (E2)
o Nang lugng gay nut E1 (J) Nang luong pha huay E2 (J) Cuong do nén
Ky hicu TB 1 méu B TB 1 mau B (MPa)
1M120S2,0 1.946 1.888 4.601 6.730 121,42
2M120S2,0 1.831 8.858
1M120S2,5 2.449 2.758 6.478 7.565 121,32
2M120S2,5 3.067 8.652
1M130S2,0 2.861 3.479 6.043 8.538 134,72
2M130S2,0 4.097 11.033
1M130S2,5 3.823 4.555 7.462 10.621 140,25
2M130S2,5 5.288 13.780
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Bang 9 - Két qua tinh dd chiu va cham khi nit (a1) va khi pha hay (a2)

o Do chiu va cham khi ntit a1 (J/cm?) Do chiu va cham khi pha hiy az (J/cm?3) Cuong do nén

Ky higu TB 1 mau B TB 1 méu B (MPa)

M120S2,0 1,70 1,65 4,02 5,89 121,42
1,60 7,75

M120S2,5 2,22 2,47 5,88 6,78 121,32
2,73 7,69

M130S2,0 2,53 3,08 533 7,56 134,72
3,64 9,79

M130S2,5 3,42 4,10 6,68 9,60 140,25
4,79 12,51

K&t qua thi nghiém cho thay khi diéu chinh nang lugng va
cham Ién xap xi 5 lan so véi chi dan cta ACI 544.2R-89 thi cac
mau th déu xudt hién vét nut vai sé lan khéng qua nhé (déu
trén 20 lan) va khéng qua Ién (déu dugi 270 lan), phu hgp véi
cac nghién clu cta tac gid nudc ngoai va c6 thé st dung dé thi
nghiém sutc khang va cham ctia UHPC. Tuy nhién muc d6 phan
tan cta két qua trong thi nghiém con [én, chénh léch sé Ian tha
qua nang dén khi xuat hién vét nit dau tién va dén khi pha hay
gilta cac mau det cat ra tUr cuing mau tru D150xH300mm con
I&n, c6 thé chénh léch dén hon 2 lan.

Thi nghiém cling cho thay UHPC ¢6 cudng d6 va ham lugng
c6t sgi cang cao thicé d6 chiu va cham cao han ca khi xuat hién
vét nut dau tién va khi pha hay. Vi mau UHPC ham lugng c6t
sgi thép 2,0% va 2,5%, khi cuong d6 UHPC tang tur 120 MPa Ién
130 MPa thi d6 chiu va cham tang 1én khoang 1,65 dén 1,86 lan
véi vét nut dau tién va 1,28 dén 1,41 1an vdai trang thai pha hay.
Véi mau UHPC cé cudng d6 trung binh 120 MPa va 130 MPa,
khi ham lugng cét sgi thép tang tir 2,0% Ién 2,5% thi d6 chiu va
cham tang 1,33 dén 1,49 lan véi vét nit dau tién, va tang tu
1,15 dén 1,26 |an vai trang thai pha hay.

4. KET LUAN

Khi st dung tiéu chuin ACI 544.2R-89 dé xac dinh suc khang
va cham clia UHPFRC c6 thé diéu chinh ting nang lugng va cham
I&n khodng 5 lan. Tuy nhién két qua con c6 dé phan tan Ién.

Véi UHPC cé cudng d6 trung binh 120 va 130MPa chua c6t
sgi thép rat nhd (micro) 2,0% - 2,5% (theo thé tich), stic khang
va cham tang khi cudng d6 va ham lugng cét sgi thép tang.
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