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Experimental study on bending tensile strength of masonry with
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Abstract; To study the bending tensile performance of alkali-activated slag ceramsite concrete hollow block
(AASCHB) masonry, tests on 108 masonry specimens with Mb25 ~ Mb90 of alkali-activated slag mortar with
pottery sand ( AASM) were carried out. The experimental results show that the formula calculation based on Table
B.0.1 -2 of GB 50003—2011 cannot exactly estimate the bending tensile strength of AASCHB masonry with
AASM. When the compressive strength of mortar was lower than 70.3 MPa, the formula calculation of the bending
tensile strength along straight joint was higher than the test result. When the compressive strength of mortar was
between 70.3 MPa and 91.9 MPa, the formula calculation of the bending tensile strength along straight joint was
lower than the test result. The formula calculation of the bending tensile strength along slot joint was higher than the
test result as the compressive strength of mortar was lower than 46.2 MPa. When the compressive strength was in the
range of 46.2 MPa to 91.9 MPa, the formula calculation of the bending tensile strength along slot joint was lower
than the test result. It was found that the bending tensile strength of AASCHB masonry was not only related to the
compressive strength of AASM, but also affected by the factors of water to cementitious material ratio, sand to
cementitious material ratio, Na,O content, and silicate modulus. Based on the experimental results, the formulae for
the bending tensile strengths of AASCHB masonry along straight joint and slot joint were developed, respectively.
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1.1 FE#

W ISR O [ A RV = B AR e
A PRA T CRE LA ok B R L e #T B A
AR, LR IR R 379 m?/kg Fil 424 m?/kg.

R IR« PR e V148 XA L 7 1545 A PR wl A 7
(1 T GRHEIR 5N 2.43 g/em’.

W b« o) P 40 4 PO IR ) A 7™ KA
1 mm, BN 1.8 g/em’, FLERER N 53% .

WM R B RN B D i Ak 22 i o3 L% 1.

FEp KL« 0T e 4 T IO RN B AR 77 i AR
15 ~16 mm, T 0 %5 B Hy 830 kg/m’ | Mg /K %K
20% , & BRI A 4.2 MPa.

IR B < VRS ik R M /K B 3, AR 3.2, &%
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Tab.1 Chemical composition of the raw materials %
A Si0, AL, Ca0 Fe, 0, K,0 MeO Na, 0 S0, Al
W IR 1y 34.18 12. 64 26.60 15.32 0.69 8. 11 0.42 0.50 1.51
FELA 32.83 17.19 36.69 0.38 0.37 8.20 0.65 1.94 1.75
IR 58.29 21.50 7.94 4.73 1.59 1.57 0.69 0.31 3.38
g ab 62.12 16.32 3.26 7.84 1.62 2.04 1.60 — 5.20

1.2 AASM B4

A A KK (W) WP IK L (S) (Na,O 5 i
(N) FKBEISAEL (n) R W5 6 F ok 3 45 24 (1)
AASM WSS, B A b L3 2. B0 & 1 v g e
BOBFE Sy i B v, B e TR AR KA OH /EHT,
i i AP BN UEA T, St - 0 - Si Al - 0 - Al

1 Si -0 — Al Wi, 0 i i IB R 45 M i 14, Si0,* |
Ca’ " 2B TV A TROM , I FROA Hh A 1Y B 1 38
WA LR C - S — H OB B by e 5 52
T RGBS, W B, SE R BE 45 e [R), {F T AASM ) 3%
.
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Tab.2 Mix proportions of AASM kg/m’
RELAE W IR A i FE L K M b K S TR B K
Mb25 513 1 069.3 24.5 6.1 220.3
Mb35 253 253 1 052.9 186.6 36.5 93.8
Mb45 265 265 1 070.2 162.5 27.9 92.3
Mb60 447 1118.7 165.2 32.3 107.6
Mb70 286 286 1 009.3 176.5 30.3 100.3
Mbo0 449 1122.3 165.8 32.4 108.0

T KB WA , FK RN 64. 5% 5 2K N A R IK B EEIT B K IR LU /K L1092 K BT P A K U AL B35 I 2NaOH—Nay O + H, 0

TR A koK.

1.3 #iEikng
1.3.1 AASM $i F o

S WA HSARD I AR RE IR0 T Wbt ) Il
T HU A H B e o B i e iy )RS) 2R 70, 7 mm x
70.7 mm x70. 7 mm, FF4H 3 4>, 5 LK 3. AASM
R B 4595 ok Mb25 Mb35 Mb45 Mb60 . Mb70 . Mb90.

R3 AASM WIHERE

Tab.3 Compressive strength of AASM MPa
WIS BT NNl P HURRE
SR RE A G FIME FHME
Mb25 20.5 27.7
Mb35 27.9 37.7
Mb45 34.2 46.2
Mb60 47.1 63.6
Mb70 52.1 70.3
Mb90 68.1 91.9

T AR CR SRS AR M R U T B A v ), 22 KA o o % SRR A
R RS R , AS 7 JEURA A 0 3 R AR R TE — D B R AT
2 RN G5 A R R B 1. 35 SR RS I s ISR b IR At
5 5 AR IR A5 a8 R I AT s 4 00 bR P 2
TEAFR B E AR S f TRk RE 0BT A TS 4L

1.3.2  AASCHB #T & 38 B Ao dros B

AASCHB E /¥y R 5} 5 390 mm x 190 mm x
190 mm, i B A He g9 ] ~F 2 190 mm x 190 mm x
190 mm, 2503343 51| Jg 48. 3% F1 36. 0% . HAKR
L 1. 3 R IR R - W B ARG IR B O ) U AT
AASCHB HtHs Fgi 4 o B2 ik, B4 5 4>, WAl 2
(B 2(b) TH585 B 360 mm ) . A Hedi e 5 22 52
{HIE{E R 15. 8 MPa, f/IME N 14. 8 MPa, 1R &
(3 TR GE /NI R B ) 1 2 T R 2 )
i MULS. Z B 4 il 50 B 0 17 2k 10. 2 kN,
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Fig. 1 Geometrical sizes of AASCHB (mm)
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Fig.2 Compressive and flexural tests of AASCHB
R 5 H1E

CHASEEA F7 27 P RE IR I 7 Wb ofie ) 7 3o i 4
5 T 0 43T 20 A T TR D A A S bt
PR SR b I RE SR 18 14 1. AASCHB 1) 14 V3 4 4
T Hh TP R A 14 A BRI 7 E
%, K514 390 mm x390 mm x 1 390 mm; {5 ¥ 42 4%,
1S iy hok rEd 12 A Ees 4 A5
4 EMHimak, A1 390 mm x 190 mm X 790 mm
AASM /K- IR EEFEHIAE 9 ~ 11 mm, DLIE 3. VHid 4%
T A A U A A 1 S bR R ] 9 A,
108 AN A, FESHULE 4. WA dHrpn o il
VESERUR , 78 A SRACUE R F2 7 S AR L A5 B B v
A TR T 1 25 i B T s v 1A A A T ) A
PR F I K AiiE s 90°, 238 2R & i |, pE4T
IR bt hn . A R TR R 3 d,
PR 11 S Ak g 24 Ak SR FH K e 0 3R 31T
FEFHACE RGHEA TR A, i S 8 A 1% 1o 25 1 FH T Ak 1
] — KT 3252 AR EEAS R /N 10 mm, 58
AR /N T i AR B

1.4



PN 51 %

\
A
1390

>
(a) W AEZE AR AT

(b) WIS GER AT
3 AASCHB #){A % gh i hridt 44 (mm)
Fig.3 Bending tensile specimen of AASCHB masonry ( mm)
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Tab.4 Main parameters of AASCHB masonry bending tensile specimens

WSS A

I B e RY
i g " ﬁi ;} yy DTIURHIE WRSE Vi )i /" &
- - FHfi/MPa fE fE
MU15 Mb25 27.7 9 9 9~11
MU15 Mb35 37.7 9 9 9~11
MUI15 Mb45 46.2 9 9 9~11
MU15 Mb60 63.6 9 9 9~11
MU15 Mb70 70.3 9 9 9~11
MU15 Mh9oO0 91.9 9 9 9~11
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Fig.4 Bending tensile tests of AASCHB masonry
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Fig.6 Failure of slot section
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Tab.5 Results of bending tensile strength tests of AASCHB masonry

SREEEYL f,/MPa W S N n Swa/MPa PEEZS (GlSE) S o/MPa BERIEE (1654%)
Mb25 27.7 0.44 2.08 0.044 0.00 0. 141 YTl 4% 0.240 1 A H T
Mb35 37.7 0.44 2.08 0.088 1.16 0.315 T 4 0.465 2 AR AT
Mb45 46.2 0.38 2.02 0.067 1.26 0.340 ARl 0.773 2 ANIHE T
Mb60 63.6 0.50 2.50 0.088 1.16 0.401 W iE 4% 0.940 2 AR T
Mb70 70.3 0.39 1.76 0.068 1.26 0.479 i 4% 1.217 2 ANIHBE T
Mb90 91.9 0.50 2.50 0.088 1.16 0.589 Yr i sk 1.379 2 ANRHBE T

TE:f, N AASM ST HLIT SR s W /KK L (AASM B4 LErpR S5 Wt B BT L) 58 WP LE 3 N 2 Nay O 35 8 U R Nay O 547 Bkt
Bt ) sn 7R BORREE S, o 0 T T SR 25 0580 BE S o0 ¢ Y0 AT S AR T 25 s o B ST .
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AR 5 X U A8 A A T 25 oy o B 1 5
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H—DERGSHG P 5E Na, O 3 5 FK I B AR AL
PISENA W —H ZBUWE A — R G280 UKL S
IR LR AR WS FI/K BEFEREEL S Na, O & 53 nV
HBEAEAR , LA fr 0/ fy PINAEBREE ST AR AR 2R KK IR
AT 0.38 ~0. 50 b JK H AT 1. 76 ~2.50 Na,O
ERNT 4.4% ~8.8% JKBLEEHEA T 0~1.26
FT AASM JrEHURREEA T 27.7 ~91.9 MPa 25t
PUPsm A SIS T AR R, KL 0<nN<0. 10
W, frwn/ o BEE W B S BSE NI/ 24 0. 10 <
aN < 0. 110 ,f,, o/ Jf, BEE W BES B39 i # k.
20.67 < WS +2.085nN < 0.98 i, f,, ./ J/f» Bl
n % N BRI I/ 24 0. 98 < WS + 2.085nN <

L 48 I f,, o/ Jfo B n 8 N AGROTTH K. Nay0
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Fig.7 Effects of water to slag ratio, sand ratio, Na,O content,

and silicate modulus on £, /./f,
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27.7 ~91.9 MPa 75 i HT 758 B2 5 0 (K & T AL AR
Z, BRI 0 <N <0. 100 ,f, o/ J/f BEE W
S BN/ 24 0. 10 < aN < 0. 11 B ,f,, o/ J/fa
BEE WL S BB, 250,67 < WS +0.371nN <
0. 93t £, o/ fs Bl n BN BT 1N 240. 93 <
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IR, 255 18 8 AT E NS AASM /RS
WOIR ) AASCHB i) (A 1 145 2 45 T 25° HHT 470 7 52 B2 1Y
IGEASW
fime = (=28.545nN - 2.984WS + 30. 822WSnN +
5.720n°N* +2.781) Jfs, (3)
X S 9 AASCHB R 1A I s 5% 8 1T 25 Hh T 47 9
J&  MPa.
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Fig. 8 Effects of water to slag ratio, sand ratio, Na,O content,

and silicate modulus on f,, o/\/f;
3.2.3  RARAS AR TR B SENE LA S R
Xf L

CRMARZERIBEHHLTEY) P B B (9% B.0. 1 -2

25 T RS B b e T R A R

fnm = k4 «/E, (4)
Ao [ AR TS g PP V- E, MPa; £, A RP
WHUESR K {E, MPas k, 725 thHi s o 2 240,
X TR EE - W RV 48 AT B 0. 056 Y 15 4%
U HL 0. 081.

VA S ih o b B SmE LA A SO RAE
FIELTEAEXT LA BT, VL3 6.7, %t T AASCHB {4k,
Sonn/ Lo FEIE R 1,010, bRiER Ry 0. 065,715 5 Z 4L
H0. 0645 fr, o/ e FYIH A 1,004, bR UE 22 N
0. 064 , 255 2804 0. 063. GB 50003—2011 3 B.0. 1 -
2 TS N O RE T T AASM R AR Ay A 4 25 i
Prhris B, AASM 58 BEAIRF 70. 3 MPa B, I3 4% A if

A B R FRUA A D i, AASML 58 B AT 70. 3 ~

1.9 MPa I}, i 4 A 25 4700 50 B8 S04 B0 A1 5

AASM 5 FEAIR T 46. 2 MPa [, ¥ 1A 4% 80 &5 it fihr

SRS (E R, AASM 58 4T 46.2 ~91.9 MPa

R, Y D AT 25 T o B A 1 D K.
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Tab.6 Comparison of measured values, calculated values of

fitting formulae, and code formula for block masonry

bending tensile strength along straight section

F/MPa fo o/MPa o /MPa fo o /f b f fn/MPa
27.7 0. 141 0.143 1.011 0.295
37.7 0.315 0.317 1.006 0.344
46.2 0.340 0.342 1.005 0.381
63.6 0.401 0.449 1.119 0.447
70.3 0.479 0.481 1.003 0.470
91.9 0.589 0.540 0.916 0.537

TE oS ba,r o AASCHB BEMPAYTE 4% 180 1 25 i o o B S B S 5 0 M
BT (2) BB T S S A 25 TR R BE TS LS f o W T
3 (4) TR R - ROy A 308 4 TR A 2 e sk B BT
x7 BIREEREEBEETHANBREINEBEAKX
THEEMIE T EEXT L
Tab.7 Comparison of measured values, calculated values of
fitting formulae, and code formula for block masonry

bending tensile strength along slot section

So/MPa - fi o/MPa fL o /MPa fi o/f e S c/MPa
27.7 0.240 0.240 1.000 0.426
37.7 0.465 0.465 1.000 0.497
46.2 0.773 0.773 1.000 0.551
63.6 0. 940 1.045 1111 0. 646
70.3 1.217 1.217 1.000 0.679
91.9 1.379 1.256 0.911 0.777

oS e 2 AASCHB RIFACHT 5 48 A T 25 Hh ST L 50 2 S/ G el
FT(3) BB U5 SE M 2 M HUR R B A f W T
3 (4) BT BE BB AT U AT 2 T B A

4 % b

1)GB 50003—2011 2 B.0.1 -2 Hh 444 AR
REVERA TG AASM R AR A B4R 25 il P o 1, 0%
S8 AT 70. 3MPa B, 30 4% 76 1T 25 0 7 5 B 99
{5 s PSR BE A T 70. 3 ~91.9 MPa B}, VS
A TS T R R TUAR (DR I 5 X 0 SR R AR T
46. 2MPa B}, 15 145 2 48K AT 25 o e B 1A (00 =5
BPARBRBE AT 46.2 ~91.9 MPa i, iy i 44 25
PR B2 AL (W 1K, AASCHB R {4 1 145 4% 8K 1 1)
285 LT R R e T A I 1 2 e

2) F AASM )31 AASCHB i {4 114 25" fh 47T 37
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