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Fatigue Analysis of Fly Ash Concrete in Ultra — High Altitude Wind Turbine Foundation Base Slabs
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Abstract: Using cement, low — calcium or high — calcium fly ash as raw materials, concrete specimens mixed with fly ash were
prepared for the foundation base slab of ultra — high altitude wind turbine towers. The fatigue characteristics of fly ash concrete
under various conditions were comprehensively analyzed through pressure testing machines, salt freeze — thaw — load coupling
damage models, and dry — wet cycle tests. The test results indicated that in the dry — wet cycle, the fatigue fracture probability
of concrete with low — calcium fly ash was markedly lower than that with high — calcium fly ash; after 100 cycles, the former was
approximately 28% lower than the latter. An appropriate amount of low — calcium fly ash could enhance the compressive
strength; specifically, when the content was 10% , the 28 — day compressive strength was approximately 12% higher than that of
the control group. Under the salt freeze — thaw — load coupling cycle, a 10% low — calcium fly ash content was found to
significantly reduce the damage degree. At the same load level, the concrete with this content exhibited the longest fatigue life,
which was about 35% longer than that of the control group. It has been proven that an appropriate amount of low — calcium fly
ash mixed into concrete can improve its fatigue characteristics, while a high content or high — calcium fly ash will lead to
performance degradation.
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Table 1 Chemical composition / %
N Si0, Al O, Ca0 MgO  Fe,0, S0, C,;S C,S C;A  C,AF K,0 Na,0O TiO, f-CaO
7K 13.50 5.00 24.00 1.60 4.30 2.20 20.00 17.50 6.00 5.50
{RAS Ry K LCFA 49.00 28.50 7.00 4.80 2.10 0.20 2.80 0.30 0.15 0.50
EESHEEK HCFA 46.00  20.50 17.00 5.10  2.50  0.10 2,30 0.70 0.25 2.50
x2 MEREWEREMG
Table 2 Physical properties of fly ash
YR K HPE (45pm i K S =& AR Pek it W LR R T PR
2R /% Ti4) /% I /% R/ % /% /(g/em®) /(m?/kg) /%
LCFA 0.3 7.0 97 0. 60 5.5 2.25 380 75
HCFA 0.5 8.5 103 0.55 3.5 2.40 420 80
1.2 bR 2R 5 4 AT kb, Mt 48 h, FIMT HAETERE AEM T Y
I TR AE R P R s . ST IERE.
HURRD - ARG RS, Am o ARSET,  1L2.2 PURRERE

BRI DR BE L 7 R
L2.1 RO i

AL TR (L SO CHEF 12 h—20 C
KETKIEN 12 h) , EFFE R AR 24 b in 50 )k

KA RI R AL (7% 3 000 kN,
BTG 0. 1~ 10 Hz) o W46 nr BB 258 K 11 30%
(W), Jd% 0. 1 BN BB By TH g I J7, 454 i
TR 100 U, IR AT 3 R



5 SRIIEESE - SR RHILEE 15 SR Al RS B A O TR 082 57 e 1k 20 A 87

1.2.3  EhUREL - 7 2R G Ui g

P EFAEERUAE GIRIETEH -30 C~60 C, #h%
WeBE 5% NaCl), S2BL: VREE{ESH: -20 C (4h) —
20 °C (4h) Oy 1 AR, [ i 1) 52 A A 2
(BLATH 0.5, WA 1 Hz), HHRLRER IR .
1.2.4 %5775 it

R s TR BE L BEFEHLEEFE. BEPERE, SEIF
JE 1 min B9 TRV, ZJGHE4T 2 min BRFE, (2 fE
Prktedi ARG 5, Il 100 mm x 100 mm x
500 mm it fERSPREN G EIRS) 2 min, fEAPRE
orIEst, EALER, S 24 h AR, I AEE N IT
JE9I 28 d bR SR A, HEAT DY A R 55 U
GrMTIE 55 7 an R o

2 RIS

2.1 R4S, SHA5EE R 6 TR M K

PL10% LCFA 8 At 5 10% 2 558y 4 K (High
Calcium Fly Ash, HCFA) # A&t R, 76T IR1EH
KN, U FZEI KB AR EE )5, HE
SR, BB IR BE 1 1 9% 55 B F1ESR 46 A5 20 Bt
ZERME 1 iR,

T o smpax

18— G .
x 16 "
B4 «
Jig
gir /
=10 - e
s ST e
:j% 6 e
B o4l -

J-’./.
2 —‘r.,ll

1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
THRAEF UK
BE1 S OBRERSITER

Fig.1 Analysis results of fatigue fracture probability index
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Fig.2 Shows the variation of compressive strength
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Fig.3 The damage degree analysis results of different load grades
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Fig. 4 Fatigue life analysis results
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