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ABSTRACT

In this study, the material specifications SD490W and SD550W high-strength
steel rebars whose size is #8 (D25) and #10 (D32) galvanized on the surface
with different thickness (coating mass). The 57 MPa high-strength concrete
is poured and cured to investigate the high-strength steel bars with different
hot-dip galvanized thickness under the concrete curing ages of 7, 28, and
91 days, and conduct on-site steel pull-out tests to understand the concrete.
The development of strength and the influence of different steel bar numbers
and zinc thickness on the bonding stress of steel bars. In addition, by making
concrete cylindrical specimens, the engineering properties of freshly mixed
and hardened high-strength concrete are explored. The results of the study
showed that the steel bar pull-out test conducted by ASTM E488 shows that
the bond strength of high-strength reinforced concrete increases slightly
when the amount of zinc coating on the surface of the steel bar increases.
Among them, the #8 steel bar made of SD490W and SD550W is 28 days
old. The increase in the bond strength of the steel is 5.29% and 5.06%, so
the zinc coating thickness has little difference in the bond stress of the steel
bar. In addition, as the age of concrete develops, the bond strength of steel
bars increases as the strength of concrete increases. The test results of the
hardening engineering properties of high-strength concrete show that the
average compressive strength of the concrete with curing ages of 28 and 91
days is 58.3 and 68.3 MPa, and the splitting strength is 43.7 and 56.1 MPa,
respectively. The rebound hammer rebound number (Rebound Number)
The R values are 46 and 54 respectively, and the ultrasonic wave speeds are
4,691 and 5,768 m/s, respectively, indicating that the hardening properties of
concrete all increase with the increase of age.

Keywords: hot-dip galvanized, High-strength rebar, High-strength concrete,

engineering properties, Bond strength.
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Materials Cement BFS
Fineness(cm®/g) 3450 4000
SiO, 19.6 335
AlLQO, 4.4 14.7
Fe,O, 3.1 0.4
CaO 62.5 41.2
MgO 4.9 6.4
SO, 2.2 0.6
K,O - 0.3
Na,O - 0.2
TiO, 0.5 0.5
P,0O; 0.11 0.01
f-CaO 0.7 -
C,S 56 -
C,S 14 ,
CA 7 -
C,AF 9 -
L.O.I 2.5 0.58

(Rl sFmeE b - 4




&2 Bk ARG LA [ &R A 57 MPa(560 kgf/em®)] 24t £ &4 & o

ot s AR KR K| EER | v % il

r
B

a4 | BB | mE

i

% (kgm’) | 450 | 176 112 275 641 409 | 277 | 8.0
k3 RR AH LR SERERELZIIARAGHBE -
Age | Compressive Compressive Splitting  |Splitting Strength
Sample (days) |Strength (MPa) Strength average Strength average value
value (MPa) (MPa) (MPa)
Al 45.6 34.0
A2 7 46.2 45.5 34.1 34.4
A3 44.7 35.0
Al 55.3 39.8
A2 14 55.0 55.2 40.0 40.0
A3 55.4 40.1
Al 58.6 42.7
A2 28 57.5 583 43.7 43.7
A3 58.7 44.7
Al 58.5 47.6
A2 56 58.8 59.2 48.7 49.0
A3 60.3 50.7
Al 67.5 54.5
A2 91 69.1 68.3 56.3 56.1
A3 68.3 57.4

k4 B RG4S ASTM E488 IR ML 3T 3 KRB E 28 o

Bond strength (MPa)
Age Material Rebar Test

(days) |specifications| Type Method' | 0(g/m’)(#8) | 1,319(#8) 1,910(#8)
0(#10) 1,316(#10) | 2,129(#10)

SD490W #8 S 194 20.1 20.3

C 16.4 16.6 17.1

7 #10 S 19.9 20.5 22.0

SD550W #8 S 20.9 21.9 22.9

C 16.9 18.1 18.3

#10 S 21.6 21.9 224
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Bond strength (MPa)
Age Material Rebar Test

(days) |specifications| Type Method' | 0(g/m*)(#3) | 1,319(#8) 1,910(#8)
0(#10) 1,316(#10) | 2,129(#10)

SD490W #8 S 19.9 20.8 21.5

C 17.0 17.5 17.9

)3 #10 S 21.4 21.5 22.5

SD550W #8 S 21.2 22.1 23.3

C 17.8 18.1 18.7

#10 S 22.0 23.7 23.7

SD490W #8 S 21.8 22.8 22.9

C 18.1 18.6 18.9

91 #10 S 22.8 233 24.4

SD550W #8 S 235 24.0 24.9

C 20.1 21.0 21.2

#10 S 22.8 22.9 23.7

Remark:1. “ S” means the simulation group, “ C” means the control group

80

70 -
60 -
50 —-
40
a0

20

Compressive Strength (MPa)

10

(a)Al sample

(b)A2 sample

(c)A3 sample

7 14 28 5691 7 14 28 5691 7

Age (days)
| AR AHBBZSZRERRELIVRBEE o

14 28 5691

(Rl sFmeE b - 4
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= i
‘2 5,000 - -
'E, i l',___'r_,,,-«"— - —
v -
§ 4,000 ’
2 3,000
2 4
E 2,000
: —
1,000
0
7 14 28 5691 7T 14 28 5691 7T 14 28 5691
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2 AR &AM &8 R A LA F KR -
. 80
o
ﬁ_' -
2 70 -
= i
oh
E 60 —
- i
2 50
» J
s
Eh 40 Fﬂ.ﬂﬂ?ﬂxﬂl.ﬂ%ll
3 i R*=0.976
30 T '| T | | T I T | T

4200 4500 4800 5100 5400 5700 6000
Ultrasonic wave velocity (m/s)

B3 AF L RFTRRE M F
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Rebound number, B
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70 <

60 —
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40 —
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20 —

10

(b)A2 sample

S

AT

(c)A3 sample

7 14 28 5691

7 14 28 5691

Age (days)

7 14 28 5691

4 FRA#ERISBRERBELRBEXRER -
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ol o ==
E 18 - P s gy ]
S P - ===
] 1 ¥l--lo-" T @ ]
16 - B- | simutssion grovp Control group -
= Ogial Costing mes === {1g'm Coating mass
i 1 | 139’ Costingmms  —8 | 3lég'’  Coating mass .
—+= 1 510g'n Conting mus = L12%/m’ Coating mass
14 — T T T T T T T B I B E—

07 2028 40 60 80 91 0 7 2028 40 60 80 91100
Age (days) Age (days)

6 FRFA&EHBIZ AO0W B AS50W 538 EAE4E # A R L X B RBE

) S — .
{2)0 g'm® coating mass (b)1,319 g/m® coating
) mass T
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]
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T
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5

=

v

k=
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7 %4 ASTME488 & A A RF A H B I T MM RE LI BERRE o

19 (plssizssrsie - G S HARETR)



Compressive Strength (MPa)
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BARAETG 4% o SE 2 2B b 69 kB ALAE K AEE o A A AR5k Y
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SF 6 V5 BE R ok Bh B A 2B AR AR SUAR LK o ) MR BEK IR A 45
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B AR R 2 9h > WA Ak s RS S e RS %R BE
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FHRNE 02015 FAHE TR EMEALA 130 ZHEM - ELTAED >
¥ E KA ey R B AR KA o
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98

EH ke &k 1 Piow oyxé¥/>/% H+H

S
VEEE S 5 X
SRR A RE

4 SEPLERA -

M~ BFRAH R
B R 6 B[R AT ALY o

TR 6 2
(LEE) @5 HERY -

BEA2SEHE > FERE

&1 EZLBIAEE BT HRSFH (2020 F ) -

AL F o R FIHRANE R 0 B3R

AR b2 AEAEROHKEET

RiEEE iwér HE 5 (USGS) 4 4& 1

»2020 4% 7% & Bl $R £ 4 1,200 & 3 >
@ (THEF) ==+ FHKE > A AH208 F o

St #FIK A B (56-0 #) Ands £ A% (809 F) > YAR4R (348 F)

Production Reserve Resource Mine Life
Iron ore 1,500 84,000 230,000 56.0
Bauxite 371 30,000 75,000 80.9
Copper 25 870 3,500 34.8
Nickel 2.5 94 300 37.6
Lead 4.4 88 2,000 20.0
Zinc 12 250 1,900 20.8

Metal content except bauxite, million metric ton

(Bl ARSI -

Data:USGS
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Faddk (37.6 ) o EBEB P TIRFEILEIRG > R L 68 E S8
(200 5F) - BHABFERAALEASERARGERA o

g~ SRR RE I

BT RABRAEAENATREE? BB L A A THRFHETH
EESFEMA - B FRMNE HEAMKIZER=E (Reserve) T & %4 [ HR#E
WE TR SEE - AERRE > BRATUREENHAROBRLE] o
BT REERRBD BIRIEIR R G A AT E AR S B AR 69
B o

EEL LEME RS HAL 1995 S48 F 4 1.4 B9 o b
1996 4 %) 2020 £ 493k AE 2 > RS AR - B E I T 4 1878 - sLo
#1995 FHg o E 24 700 B9 > R THRFE A 20 F > 8 25 F14
B THEHLETHEE -

WEHFLZRTREEGR AR > BRRENFET > HARZH 20 F
WA AR G R ABR KR E > R HAR LR FRILERE S5
G B ABAE R ARAK G o SLINERR A9 B D AR AR F > H A2 B IEAEIK
AEB IR ENARRAL > TR ELE L BE VR EZ— o it WA
ALK BARNGRELETURHF B2 me FEL> diA K
AL BN H BT LB R A TEAK > AR L B IR 69 AR T So L [E 3 B R 69 R
T o

WRIF BT RAREEANERBETRER > AEZRBEREBY
BA 2 FHR L §RAEHFHFEEG LK > &R GILER LG E
A DKM ABEEARTERFEEG T RAED o ZARBHER S OE
FEA AABBRER LA —3 c FEEEHYRALESLH
¥ > WTARBEARLETRAZMAARN - Am» TRELFTRSE X
MABEFEITASHAESE > RIFABTUARA > FRAIREEBLETR °
(B ERLEFAEER (Resource) T & % > [ HFAEAMZKT » HANR
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19 184 - SEHEE R > BROR T LM E MRS Mo o
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KRB ROCEEHECHK B S EERORG L CEARE — K
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LSEEEE R RIBEEE L AAAB R BGR F 3 o o BB Lo Al ATk > &
ERAEE > LFRB L EEA THMEY -

HARBRRESHORS > BODKBAARERS > BLES T
G —FIRD BN FTREAREZY R REER - §R o REHHE
Ha o BA—REBINETRAEBMA o B /£ EFEQ M 7 A% Wi
ARGE R A REZREZN o

A~ BEE DA A A

HNITERNRAGY > WAFEATZGEB LS ALY > AR AH
REAEMBARGLE - 2RED RABLTBEAGHRAR S 28
B E A RAEAEGEHN > AHEARRARNFTRE GRS 25% £45
$7.35% 6948 ~33% A9 48A4R L > SR ERE L R 3 R B — AR AT AR GG AR K, o
SR T AEHERR T EANNRE S BREASGER F
B F AR B A BB B SAAR BSAM % R A P BDIR A 4 o

A RS S B AT PR B A AW o SLIFHER A
BATHEOBECBEPRERARE - WINEBATHF AL LR ELETHE
wh (L#AEFARE) el EEHhET & 20% £ 46948 > R
THWMEALIS ~20 AT EEWE o £ B KREFE A4 40~50 &8 49
BIEWE > L b — 35 > 12 K305 & A6 S A5 4R R R
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& 2 B AIRE LB E A/ AR LA

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Zinc 26.3%(24.0%30.4%29.5% | 28.4% | 28.8% [ 24.8% [ 22.9% [ 22.5% | 23.8%
Copper 19.5%22.1%|24.4% (27.5% |23.1%|24.5%/30.3% | 32.4% | 34.8% | 35.2%
Aluminum [29.0% |28.6% |28.7%[36.2%{33.0%|34.7%35.5%|33.4%| -- --
Lead 76.5%167.0%63.3% | 61.8%|59.5%56.8% | 60.1% | 53.7% | 57.4% | 62.2%
Nickel 0.1% | 0.3% | 0.4% | 0.1% | 0.1% | 2.1% | 1.9% | 1.9% | 1.7% | 1.8%
Zinc 12 250 | 1,900 | 20.8
Data:JOGMEC
&3 AHEEAE T RRAILA
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
World 6.3% | 6.4% | 6.5% | 6.6% | 7.0% | 6.9% | 8.5% | 9.8% |11.1%[12.1%
America 8.1% | 9.4% | 7.5% | 4.9% | 3.7% | 2.3% | 2.0% | 2.0% | 2.1% | 5.8%
Asia* 4.7% | 4.1% | 4.6% | 4.9% | 5.4% | 5.4% | 7.5% | 8.9% |11.2%|12.1%
China 1.5% | 1.0% | 1.3% | 1.4% | 2.0% | 2.2% | 3.7% | 4.4% | 6.2% | 6.8%
Japan 18.4%19.6%19.9%|21.4% | 19.2%|17.8%|16.6% | 15.2% | 16.9% | 15.9%
Europe 11.9%(12.9%|13.9% | 15.0% | 16.4% | 16.8% | 18.0% 19.9%| 19.4% | 18.7%
Other 1.9% | 2.0% | 1.2% | 1.2% | 1.2% | 1.4% | 1.4% | 1.3% | 1.5% | 1.3%

R AI A o A AR T ik T VA

#®E

*Include China and Japan

Data:International Lead and Zinc Study Group
Tty B P EOMOEE > KRR FE M (

Waelz) % > B EE W R L8R8 AR > AANBHE > AE
REFRER > EANBEARALATR TR A > BB REZER 50% ~ 60%

694 FALEE (ZnO) & B o YAIZAE 77 K =89 4 A AL SEAE 4

S BER R 0 A bR -
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éél 4E
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ﬁé 2 B AT A &AW SAEB A E I o ME KRR P ik g ek o 5%
BEE G RAE AR RG> FAEEN T RRE AR LA EHE
B oA
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EFTHRE - BRI AESHEEFES AR ERMENE TILESR—SHE
BEAK NS 2R EN TMAH (wF AEALR) BYH - HER %%
BE TS RARERLZ ZZEER ; WILARESEHEL 2K -
2 /R ER > RAFELHEEERAE T o F8312023 £ 8 A% EMEF
ESEBRHEEBERK (100% ) » BEFREAKRKZIA - HA5 KA
SHACAZIER  BEREAKREHET RIMBEFEREZERS
MEEEK AEZEHEMLEEER PR TREGHESN > GHER
BELHRERAFEAXREE - RAREASHERREAKREEY 1S
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BALCEBRMIA R

STEELGUARD CO., LTD.
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