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Bond Strength of Reinforcing Steel to High-Performance Concrete Using
Belite Cement
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ABSTRACT

Bond strength of reinforcing bar to high-performance concrete using belite cement is explored
using bram end test specimens. The key parameters for the bond test are slump of concrete. top
bar effect, and strength of concrete in addition to concrete cover.

The test results show that the specimens with belite cement concrete show approximately 10%
higher sond strength than those with portland cement concrete. The results also show that the
bond strength (rom the high strength concrete is function of the square root of concrete compressive
strength. Bond strength of the top bar is less than bond strength of bottom bar, but the ratios of
the bond strength of bottom-cast bars to those [lor top-cast bars are much less than the
modification factor for top reinforcement found in the ACT 318-95 code. Comparisons with other
reported tests identified that belite cement increased bond strength while silica fume or (lyash used
in high strength concrete decreased bond strength. The high-strength and high-slump concrete with
belite cement performs well in terms of bond strength to reinforcing steel.

Keywords : belite cement, bond strength, high-strength, high-performance, top bar effect
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Table 1 Physical and chemical properties of cement

T
N . ! Crmpressive
. o Setting Time o .
Cement | Specific | Blaine WoO | Fow Strength thgen)
Type | Gravity | eyl | Initial | Final | 1%} | (% 3 TR
imin: § thim! davs | days | davs
Belite 3200 4250 ) 6140 | 10100 1 485 | 1205 1 25 | 263 | 429
Type | . . o - e
N VoaLs | 3240 ) 340 | 620 | AR5 I0LE | 261§ 323 | 473
Portland |

Table 2 Mix proportion

Des [ Unit Weighttkein !
Cement QJ Jesin Air | W/C| /A ML -
T | trength IS0 RTIRY IO R DN e Admixture
¥ ket ol 1 VB Water] Cement | Sand | Awar, fr
Tepe 1 e gl g - . R . K
K 15| 197 " S .
Partiand 30 GEN IR O IR T A 3 i.0h
Bulite 150 5414180 45y 67 Koo oa0s | 995 1y
600 | 60| 324] 481 1T0 | s | s0w | s8] po”
* Admixture @ Neomix (AE Water reducer)
** SP-aN(IHigh- Performance Als Water reducer)
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Table 3 Concrete test results (kg/cn?)

Cement Curing - . . A 7 11 14 17 28 56
. Slump{cm)| Test Type
Tvpe Type days days davs | davs | davs days days
Comp. Str. | 210 257 283 346 | 362 40
1.5 |Elastic Mod, 2.06> 107 2215107
Field Tens. Str, 20 30 34
Type 1 Curing Comp. Str. | 193 266 280 312 a1l 398
Portland 19 Flastic Mod. 20310 2,157 10°
Cement Tens. Str. 244 29 3b
(350kg/cm) 115 Comp. Str. 261 393
Moist - Tens. Str. 34
Curing 9 ("‘omp. Sty 253 381
Pens. Str. 33
. Comp. Str., 119 181 209 326 347
Field . N .
. Curing 24 Flastic Mod. 99710
] » . 18
(33;111;;1 Tens. Str. i 25.9
e
N St 182 230 35
(350ke/erd | Moist Comp. Sl 0| 354
. 24 Flastic Mod. 2.53-107
Curing o
Tens. Str. 27.1
Field Comp. Str. | 256 345 421 556 603
cen 19.2 | Rlastic Mod, 299510
Belite Curing : "
Coment Tens. Str. 35.4
Leme - ~ H P 3
‘omp. Str, 35 568 :
(600ke/cr) Moist fomp L1 57 68 _ 630
B 19.2 Elastic Mod. : 312107
Curing - +
Tens, Str, | 38,2
o] &lo] KA Ay vhAlG 18 25em, UHE
Al H KA . R . S -
2.2 A=A HA & 2D16, EE 2-D10, Qo) 2.4me] P
- ol = B AFEQY MibRARe B FYel &
BRAN RGF AAS D AR Kol e Aelei eld] el
N FLE b0 ¥y HHE ARstm Al G
22am, %°17k 39cm, Zolt 49cmelth, HEh Al 1 e 10 }‘4 ' Vo '
L . . . \ 5 A D10@ 10074 o & vj<t skt (Fig. 2)
Ae Aol 110me D16 9 D192l o] & Mg 4] )
dale] 5/eh Zhrkel) AAeka DL0E) g . )
T /e FE RA e é!fkl staich. Azte) "et ;
wf~@z ekl fxietn whtel Qs ! | \
i v
A& ws7] etel Ha odvtRo] PV dho]x T
tra et K
& *J‘%J skt (Fig. 1) = A

Fig. 1 Beam end specimen (unit: mm)
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Fig. 3 Test setup for beam end specimen
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Fig. 4 Test setup for splice specimen
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(a) Single crack

by Muttiple crack
Fig. 5 Typical spliting bond failure
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Table 4 Test results for beam end specimens

Cone Bar Lt
. Cement |, Bar{Cover| Stump| | Rond
Specimen |, Stroog o | Pest |
Type ; Size| (o) | G . Force
(ke/ca) tion
{on)
Too |
AT S
304 1.5 ot
Ldu To-
314 g
Bot.
. I | Ton
Type 1 ¢ 355 (e »}"{~1'—
-1 Portland D16| 2dy T
o
- Cement | 313 19 =
Bt
55 1.5 l:"l"
RIS ,l‘[)
H (Hs
- 313 1Y
3NT60318 L Bot
3B16T0. ) Top
e ] 0.5dy e
; o Bot
Top
i l ‘1” R
i ) Bot
L6 e
370 2, 24
By,
! DIG| 2
Relite B
Cement, -
.54
i 1.
Dl b
650 2 | 192
3d.
i
; Top § 8.34
! DG 2de
| " Bot, | 88l

e Sump{Typel Portland Cement only.
L,,ﬁ P2 Tdem. 18- T8em)
e Cover(0.5dy, Tdn, 2di, 3do)

i Bar Position{T-Top Bar. 13- Bottom Bar)

i Bar Diameter(DI6, 13]19)

e Cloment, Type(N-Type 1 Portland Cement,
[3-1 Beiite Cement)

Clonerete StrensgthO3-350ky/ o, 6-600kg/ o)

" Concrete Strength at aee 71 days
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Table 5 Test results for splice specimens

Conc. . . Defle- | Uit
: Cement | Bar | Cover | Sjump |
Specmen | Str sie | 1y |t | GO Load
¥ ) |0 | Tl im) | ten)
Tope 11 55 A | a1 |46
Portland F——=—-1 DI6] 24, P~
Coment 3 14 5.3 4
49 1.26
; 16 | 450
D30 8 peoied
Ein B AT
Belite N 134
. DI -
Cement (1 5dy 51 | 02
- 1dy 5.9 |6
63 Bed 199 et
b, f.g | 610
i, 79 | 506

SlumptType T Portland Cement only.,
12- 1 2em. 15-18em)
- Cover(0.bdu, Tdu, 2de. 3d1)
T osplice Specimen(S5-Spliced
Cement Type!N-Type | Portlond Cement,
B-1 RBelite Cement)
e ConCrete Strengthi 3-350ke /o, 6-600kg/on)

3. Rz @I}

el HE Fhuc AuE Z3gE

P g belite AW E,

-3t zhzkel EEwlE &R 350ke/on
A7 W ghe)

FAAGAL] QY 7T19E nelste] AHUYEE
375kg/ang FAotn EUE EEE AE 56
Aol Fizlete] ¢4 ste] Hlwatd Fig. 63 ol
vehtch, PR R Feshe RAT R V£ 1)
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Fig. 6 Comparison of bond strength from belite
cement to type 1 portland cement
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(a) Beam end specimen
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(b) Splice specimen
Fig. 7 Bond strength ratio versus concrete
compressive strength
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Fig. 8 Bond strength versus concrete tensile
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Table 6 Strength ratio normalized to 2d. cover

Fig. 9 €% o /445 S8 enE
. Tk | | (fom | Ratio Uebd Z2efszelnh o] b oA HKo
05 | 441 0.7 belite 22| EA] &HZ7} 24cm9t 19.2cm<)
- ! 4.71 0.78 i N - )
375 2 5.99 1.00 A A5 A EnE 42 G99 1,10, 1,132
Beam End 3 6.77 113 7 01]; v A IH EE o _9—6} 2}z
Specimen 0.5 | 5.9 0.87 2 L%Ehzh b belite AMES o] § F2te]
o L em 097 B SUZE N AgAC) DM Ana A%
' 2 6.10 1.02 - o ,
3 b 1.21 l\ AC] "I:TL" \ %%"TZ‘ ‘lj.%‘):”'{l: ]3 O]LHQ] %
0.5 0.89 RE ulEgly Slth= A& o 4 olr}
360 ! 0,94 " s )
Splice 2 100 Belite(650)
Specimen 0.5 1.09 :: 2w
603 ] 593 123 £ 12 ot 10(275)
2 6,10 1.2 £ } y T
& A Avarage Line
g B Pommd(aﬁb) Pml»ann(am
i
g
E 4
3 e
LL) 5 0 15 26 2% 30
Slump (cm)
Mol FzA e AL TR Heldo| Fig. 9 Ratio of bottom to top bar strength
o versus slumy
oef g A Ee] B ohgha g /ety P
Aeiee] Ak Aolw fustA Hel frAen ¥ Fig. 10€ SH&7woe] t ah/ 45 2o 3
2gh FHg A "ok s ACTH 318-95 f A=) IS VERR  zEfEelt). o] 1@oA
Tl M g aze] BAA AT 1.39 2 belite A|MES K188 650kg/mel B7E e
FE At et EoMy 11302 Hgd g Hslz &g ¢
2o o]d /et A ke Pral 4 9lth, PR R Alge] e pelite
of o3 FAYwe] Jgg mejstr] sl A/ HAYNEY} e LYz
el Bk Sapde] atolE Algdetlen 1 4 3 Bigoll) Faste
#= Table T3 ¢t S }, e
Table 7 Bond strength ratios of bottom-cast to HAo] ol o belite AW o) 3
top-cast bars .
ook AME WEHAL JUNAN FAHELS
oncrete Mt. Bond B . e
Cement | Cover (\‘{zlzfnéttl: Slumnp IE(}E(:(%['E:)Y;; Hut/ \w\x”a‘gf! of A&k Bow gukEct
T'ype () Gfepd | (0 Ton | Bot. Top | Bot./Top e
16 385 [l 1014 _— zm.mc_ smﬁe..‘,“
32| 36 | 1s el 1] s R R e . o
I;"YD]Q e 5.21|5.96] 1,14 s My s
tand e 3,99 |4.17] 1L.0% L ;7;;;-;;0_ f orsg tine rs.u‘i:“uéﬁ'm
32 | 313 | 19 [462]4.99]1.08] 1.1 S
8 4,89 5.8 1,20 s ‘ ‘
s ] a9 4] 1 26 :: | |
16 - . A4.66 1471 1.01 £ 4
R T E T g, L “
Belive |35 695 67 os L mIass lars 50!
Cmemt ._q ..... ] 3.95 - 131 Concreta Co-pwsssulova Snsm(ka/cnz}m 80
L R e 1 1] T
34 Ve e e o) T on . Fig. 10 Ratio of bottom to top bar strength
15 702727 1o versus concrete compressive strength
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Table 8 Comparison with other reported tests

Rescarch- Serics Specimen | [ dr | o} Ui Eff?:iz(:lCV
ers Label W wo o | oen | MR , )
Uit/ Ui
0-11-8 | 57.1 54.0/5.45]  0.90
anr(;‘;:‘sa 1 ooz | 725 | 96.0] 460 [50.0] 6.3 |_0.95
0-11-12b | 66.2 50.005.79 | 091
2 | 200 5791 0.70
Rangan 4 ﬁ 5.02 0.71
and 2 6 98.0 [23.3) 282 24 | 4.47] 065
Esfahani 7 230 n.88 0.76
9 230 807] 1.0
$28-N-M | 84.0 730 107
wang | 3 P NMT0.6] 00 o 300 | 28 7pit 213
$33-N-U| 710 |6.63] 105
| P33-N-M| 63.7 T340 1.3
6RS0.5 § 1741 151
Authors | 4 6BS1 1591 |16.0[ 160] 16 {8.85 ] 1.5}
6882 | L 9851 1.47

Table 9 Concrete mixes of other researchers

Concrete Mix(kg/1)
Reaserch-lq o Silica
ers Cement Fiyash | Sand | Gravel | Water
fume
Treece 1 415 178 1629 108 | 148
Rangan 2 520 40 - * * 146
486 54 700 | 1050 | 135
Hwang 3 540 - 700 | 1050 | 135
’ 186 54 - 7001 1050 | 162
540 - 700 | 1050 | 162
Authors | 4 | 525 | - 809 | 883 | 170
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