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Chemical composition of the P91 steel (wt.%)

C | Si1 |Mn S P Cr | Mo | V

g
&
Z
7

0.1/041(04(0001]0.013849|094(0.21|0.08(0.01|0.1]0.06

FoIOIEHE HA PO 2 & HEAE AIE MH ?AX
(XS F1, AER F2, HESR F3, &0I2 F4, SE 2 F5)



Test facility, Measurement, and Test procedure (1/2)

 High Temperature Low Cycle Fatigue Tests
» MTS Electro-hydraulic Servo Fatigue Test Machine (100kN)
» Data acquision system
> Gage length 12mm Extensometer(MTS) A&
> Test Specimen : &A1& (4] 103mm)
-ASTM E606 &=
-5 AR AN A ZF 2704 Al A Al Z (F1070)
» Loadings :
-1% AP ER Y A4 &5 (3tFH] -1), P &= 0.004/s
- 550°C (2 E=Z 74 +5°0)
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Test facility, Measurement, and Test procedure (2/2)

 Creep Tests
> A= A7 2 Ae dw Bl AAeE 24 2YAE 7] (30kN)
> Data acquision system
> AEA(AEREE =4): 2AEZ T 20mm, Z&% 1um
> Test Specimen : 34| & ¥# (4 °] 63mm) =38
-ASTM E139 &
- 37F A=Al A 4 7‘ 2704 Al A A A A (F67H)
» Loadings :
- 220MPa (2.765kN)
- 550°C (2= Z 4 +2°0)
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Test Results (1/5)

M Low Cycle Fatigue Tests 2 1}
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ol Ne/2 (hvsteresis loop obtained closest to Ne/2) or Nogep
Test g Cvcles to
Specimen Spec imen °e ass Number of , L Total | Elastic | Plastic failure
D Location ngp)' I?:ﬁgh U:yi I|—eO MSa'ltX tmum MSItn M Strain | Strain | Strain STtotal N
ress ress ress
N e | o | Afr | Aee | Aee | Typs (ved |
(cye.) (%) (%) (%) ug Ei8
F1-1 Lolag“ﬁi”c}ir;al 550 12 1,000 383 | -396 | 0.99 0.51 0.48 779 2,079
A 1945
F1-2 Tenssnt - 550 12 900 380 | -391 1.00 0. 49 0.51 771 1,812
Longitudinal
Extrados -
ﬂ % F2-1 Long tudinal 550 12 800 297 | -303 | 1.00 0.36 0.64 600 1,523 1566
F2-2 Extrados - 550 12 800 292 -304 1.01 0.35 0.56 596 1,609
Longitudinal
F3-1 Légt fj‘ﬁgfnal 550 12 900 339 | -352 | 1.00 0.47 0.58 691 1,803
U & - 1658
F3-2 Intrados - 550 12 800 346 -357 1.00 0.44 0.56 703 1,513
Longitudinal
) Faep|Transition (Start) o ggy ) g 800 | 381 | -a%4 | 1.00 | 047 | 053| 77 1,642
3 o 1696
F4-2 Tra“ﬂ*""“ (start) - gog | 19 o0 | 56| -372| 1.00| 0.45| 0.5 728 1,750
ransyerse
F5-1 Hevit izl = 550 12 700 310 | -324 0.99 0.39 0.60 634 1,358
— o Longitudinal 1418
5 .
H F5-2 Neut ral 550 12 700 309 | -817 1.00 0.38 0.62 626 1,478
Longitudinal
)
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Test Results (2/5)

M Low Cycle Fatigue Tests 2 1}

Strain Range, «; inJin. imy/mi
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Material ; PA1

Test Temp. ; 350°C

Degt 0¥

ontrol Method 5 &train control -
Strain Ralio: R=syin/ Smc-1 ||

Waweform ; Triangular

Test Speed ; 0.4%/sec
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Test Results (3/5)

M Low Cycle Fatigue Tests Z 1}
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Fatigue Test Results - P91 Induction Bending Process

MP:
a Peak Stress vs Fatigue Cycles

Transition (Green)

Parent Material (Black)
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Test Results (4/5)

M Creep Tests 21

¢ ZT(C1), AE(C2), SE(C3) 2t 22H&, S 600 AT CHE S-AIE =& (4,190A12)
¢ 4,190AI12H0l Ciet I €HSE OI0IH QE

- =J| 500AI12t St L3 E 315 (DEBEESE 22)

_OlTolxaalj-lE( I EOII—l)

* ZAJEHEESRT EXH(C1 —0.000035%/hr, 2| &(C2)/=&(C3)=0.00032%/hr
* 4,190AI12t%= JEHEE : 2T (C1)=0.32~0.47%, 2/ &(C2)=2.04~2.08%, S&(C3)=1.84~2.04%

— 4,190A|2t Sot JEMES LMBIX| S S (Tertiary creep 0| M)
- DO DS HEEN 2B/ QEHESE XO0IJI 2 : AIEUE HEH 2 0la 2iAD
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Creep Strain of P91 Pipe(Induction)
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——C1l-1 —(C1-2 C2-1 ——(C2-2 31 C3-2

Specimen No. Specimen size (mm) Ten:f:m Stress Creep time | Elonzation Rjﬁ:ﬂ
0.020 Diameter |Gaugelength| (°c) | (MPa) (hr) (%) (%)
Cl-1 4.01 20.56 5350 220 4191 0.5 0.2
Minimum Creep Rate
0.015 0.0003~0.00034%/hr
E= Cl-2 401 2054 550 220 4191 04 02
§ C2-1 401 20.54 550 220 4191 21 25
© 0.010
C2-2 4.01 20.54 5350 220 4191 21 22
s e L C3-1 401 20.54 550 220 4191 2.1 1.7
0.005
I C3-2 402 20.56 550 220 4191 18 17
p -
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Test Results (5/5)

M Creep Tests &
¢ ASME ZE QA o= (8
- PO12ol 2 A JRMEHSS M : 220MPa, 550CTE HE > L4 > 267AI2
- AEZ = 4,190AI12F SOF T2 MHEHO| SAMBHK| YUYODZ ASME QAS 25| OHEstS =10l

Figure MH-I-14.6F
9Cr-1Mo-V — Expected Minimum 5tress-to-Rupture, ksi (MPa)
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Summary
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