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Development of predicting approach in
analyzing design groundwater level
(DGWL) in Beijing area and current issues
in determination of DGWL

SHEN Xiaoke, WANG Junhui, ZHOU Honglei

( BGI Engineering Consultants Ltd., Beijing, 100038 )

Abstract: As an integral part of the important work in engineering design, designing approach for determining
anti-buoyancy water level for underground structures has been drawing more attentions from the industry
nation-widely and constructive discussions helped deepening the knowledge and understanding of the issues.
BGI Engineering Consultants Ltd. (formerly Beijing Geotechnical Institute) has conducted consistently two
phases of applied researches in the last two decades, which established and improved an effective analyzing
system applied to engineering practice. By far, commonly accepted concept and approaches in determining
design groundwater level are to be reached and it is needed badly to promote the establishment of a working
system of clear engineering concepts and principles jointly by the professionals of the geotechnical industry,
project developers and local administrations across the nation.

Key words: anti-buoyancy, design groundwater level
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Subsidence along large linear engineering
monitoring by PSInSAR with high
resolution SAR images

GE Daqing, WANG Yan, Li Man, ZHANG Ling, LIU Bin
(China Aero Geophysical Surveying & Remote Sensing Center for Land and Resources, Beijing, China,100083)

Abstract: Land subsidence is a common geo-hazard occurring in plain, basin and delta area in the east and north
China, which posing a great threaten to large scale linear feature such as high speed railway, highway and
pipelines across different geological units due to the cumulative effect of vertical deformation. In urban are, with
the great increase of deep foundation and subway tunnel construction, subsidence of the buildings, roads and
bridges over the subway line occurred frequently. To the aim of subsidence monitoring along linear features we
presented in this work the methods and applications of PSInSAR and high resolution SAR images. Subsidence
along Jingjin high speed railway was analyzed and the impact of non-uniform subsidence was assessed base on
the inteferometric analysis Cosmo-Skymed 3 meter images. The subsidence affect along Shanghai subway line
10 and Beijing subway line 6 and 7 during the stage of construction and operation has been investigated based on
the high resolution TerraSAR-X images. The monitored subsidence changes gives detailed description of subway
tunneling subsidence over different soil foundation. The subsidence magnitude derived by tunneling over
subway lines is higher than that over the stations in Shanghai, but that is just on the contrary in Beijing.
Subsidence over both sides of subway line is symmetrically occurred, and tanks occurred across the subway line
in both cities. This work resulted that the dense sampling spatially and temporally capable of detailed description
the susbsidence distribution and changes over large engineering zone.

Key words: Large scale linear engineering; land subsidence; high resolution PSInSAR; subway tunneling;

temporal affect
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Review on the calculation method of the
interaction between explosion wave in rock
and soil and structure

Wang Ming-Yang, Gao Kang-Hua

(State Key Laboratory for Explosion & Impact and Disaster Prevention & Mitigation, PLA
University of Science & Technology, Nanjing 210007, Jiangsu, China)

Abstract: The interaction between explosion wave in soil and structure is the key problem of blast-resistant
structures design. Based on the tests, the rational media dynamic constitutive relationships were introduced and
the wave propagation problems were solved. The recent advancements of calculation models and analytical
methods on the interaction between explosion wave in soil and underground structure are reviewed. They are
categorized into several parts: the dynamic constitutive models of rock and soil, the explosion wave
propagation in free field, the influence of ground surface on effect of underground explosion,
explosion liquefaction of saturated sandy soil and the interaction between blast wave and structures such as
ground building, semi-buried and underground constructions. The conventional dynamic constitutive models of
unsaturated soil, saturated soil and deep rock mass are itemized in details. The integrated elastoplastic dynamic
constitutive model for rock and soil is introduced, which can reflect relaxation effects of medium. The research
achievements for one-dimensional plane wave propagation in inhomogeneous and layered media, explosion
effects in rock and deep rock mass, the explosion load for underground structures such as box-framed structure,
circular structure and horseshoe structure are emphatically described. The applicable range and main
deficiencies of various calculation models and analytical methods are analyzed.

Keywords: Disaster prevention and Mitigation Engineering; Research and Development; Review; Rock and

Soil; Explosion wave; Structure; Interaction.
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. RS R FE

R JeR K PRSIt R e, LF4eRe eIt ant. b A HLA ) 70 g Sk 25 S ma e 7% 1) 1 4
P, DA S5 AT a6 N A R 20 i T DA G AR AR Bl ST v s s A (3 o AR SCE I R
R AEZ MR B T — R e K 7 BRI AT AT PR 2, S AR 2 Rl P A L 0 S T R
Iy R ELRR M K 2R pH AR EL CNe I BOR AT DU R e R TR, AT & AT RS I EDR
FErp A IR L I R AT TR IZ TR S IMYE BB K (PPFA) MIJRE, il AFBCLE MJE RIEG Y. &F
SETT KRR YR R JZ AN 21kg PPFA AT 1.5kg FA PR ZIX B fiefE pH ANBREULL o B SR 20 (10 P 14
TEE AN RS g TYRR)Z HIEB] 10° MEE AL (CFUD IR & B EoRk I LA A .

1 518

Ve IR A2 AN [F b HH A T AR R AR 20 AR AR BT, X AR SRR AETE AT /KU AT LA
B RHAZ CARAF 7 (Farrell, 2012). JFURVER Sk EIR S, HEREATIAH 22 )LH
BT LA (Hobbs, 1986), Xuh-FBHEZIES G (O'kelly, 2006a; Mesri F
Ajlouni, 2007). Vs 7 il B E AW A AR FH AT DS e o v 5 A P ok AR K AR AL,
FHAFEFIE YD A 25 R IR, AR O BE N P S E 3546 (Wardwell 5%, 1983), fLIR
N, /NP B BRI N (Blackford Al Chambers, 1993), fie &I fili— AR i i ik
Y. AT, HTRTBRESRGE B KBRS, —Hh o s R 24 418 .

— BERHF L N YR IS T AT BE ARV BN Gl (Wardwell 5, 1983), A Z
BER, A R R 4g M2 R A LR PR T T Ca) TR AE B R AR 51 e [ 4+
HERD D (b)) AL I 56 B 2R A8 R 4 1 38 K

VTR B o) R B AE A E 2 i B E BRI  (nig @ HK R4 F80th T

WA H . 2014 4E 11 B
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IR TR B 51D Hh KA B2 51 2 REN, AR AR EEIE D DY £ (Matthiesen,
2004) , B fRig R e R, XSRS R 8, WHEDESI2BRKE, B
FN BRI R R, s i AN &b SRS E Y, B IR R A R A
(Mitchell Ml Sanamarina, 2005). TR, A% C:N, pH, UL EMEEIE R
wEESRAE, AT AR A 4E AL IR B4 R E #6 (Pichen F1 O’Kelly, 2012).

BRAAEAE T R A, A SR ol DA SRR SR T TR IR B 40 A DR A DG A
Wt Z A B B PERE A B W RE R, DR e R 23 AR R G AR I AR MR RE AT ek R
AR SR B Z . — Beok BRI, M EH v Re e W42, Blin: Mesri
FI Ajlouni (2007) AFFLFREH, HFIREEMLAA RGN, pH EIGK, BT, FrBURIREE
s 73 A T 2 AL T 1 T o

KA PG O R B R E S E I 250 . PRk, RS0 T o
FAEA'E P 2 B i A S e YR ] 45 PO R ) 2 B2 R (Drrexler 55, 2009) o Je o HHIR [ 45 1T B L3¢
K, IBH R T FLBK ARt SRS 3 A 2500, 1300 (s TR A R Fe & e . K
IR, PR KRG Z vl 9 TH WL 5%, 1514035 B California ) Sacramento-San
Joaquin Delta JEVHHBIX 55~80% M PTfE T E 73 # 51 (Drexler 2, 2009) . Beaving Al
VandenAkker (1996) #2H, JEmEHHE: 100 F20FH 0.5m ERRRH AN . Sk
FHAL, Sweden ) Komosse Bog Complex I FRHEFMLIX, HTS%. KCHKMHFE T
PELE AR AR HE T o0 fR, (E 35 AR IR TR 2934 2] 150mm (Franzen, 2006). X
CEF RIS, EMaEEEE, JeR 7 fE R ] gt k.

AL BT fRAE FHRHIE R R4 VRS0 o 8 IR 1) 43 fg A2 B W UK S0P L TR KR
PE, fEZ, WA SRR, BA D T P[4 (Price 5, 2005). JeRE4ES5HHE
H, FLBRARRIAE T, FLBRARIERUNEECRALBR HHEH (O’kelly, 2013), IXLLH S5
WK [E 452 IFH 5% (Hobbs, 1986; Mesri Ml Ajlouni, 2007). Kk, AHFFAR B 5 4T
e R AR, AN NIEIER, 5 HAON TR, X e Rt R 4 1A o 35 52
Wil o M TR R AT, KO o 38 U Ve R ) R, DRI b Y ok e
FRIAS T P2 P BN T T 2 0 TR S SR A i A P38 BRTBR A2 SE IS (Landva 5%, 1983). L 200
Z AP IS B FRTE R SEWONG, T AW R e E EAGE R, T4 1.0m, JFH =
SRAREDTRE . KPP RGDCHFETE, FAMIFER BRI EY BTN, %S
S L TR E M B 25t o MBI IR JE 7K 52 AR TAREVART, 38k X Rl 2o ' FH s e (4]
RIEEPAT, Ve m A0 51, T CUA R 5O% & R e IR 2 AR AN B A i
() ) PR R

A FAEA TR (1) ZRRszmalern s i fE HBREI R 2R (2) @i %= Wil ik
THEA AR YE R e o o AR B R 2% A . 5 B E B 42808 H T RE e e R T LA BRI T 4T
PE, RATREEER R T Fenlth, SRR Ie IR (PPFAD 1E KR BT Ak e
RETEIF= 5, e —FRAFFIE NG . X PPFA 322877 W B an 2 /R 22 25 22, IXFROK I F-Ad
HH 88 SO — N R . RS TARATEF4ERLIE IR, 5 et IR i) 20 ik 5] 2% 1 4 21
FEIGOL, tiE T AR FEAEA AL .
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2 SRR SRR BREIE =

RRETRUKFMET, BT /KEBEFRMIR, S50FREL, JOE iy (H3EA
WD) HIRRRGREE, Yoe AR, f=mliER, 4EFrRismsdasett, BBkl
AV ELETE (Mitchell I Santamarina, 2005). YA 70 ff 75 S50 FE 40 56 A B T AF
WA RER RSN (Hobbs, 1986; Pankratov 2%, 2011), 75 E Rk maifdK, 7
A, dERRA A A R . MR N 60~80% 2 M EM A Wit ek TAE S (Mitchell
FI Santamarina, 2005), SR E A1 N KB RNRE S5 BAVE &, B8 S EEE %
4, AR EVER R ES (Hobbs, 1986).

T AR AR KBS E SRR R R A BTG R AR IR ] (Wardwell &5, 1983).
B G R R BT S AN X K SCH T AR, BRI & ek JZ I 2 52 S F= YAk
FHEFUHIIRE (Hobbs, 1986). #ZE Y & EHETLATHENE 7=, MR, +
RIS E TR SR AT AR L (C:ND SRIPA . BT ek EES R, A ERD, B
PL C:N HEOR, — MR 40:1~50:1. 252K, FAEYTE LS5 (Hobbs, 1986; Pankratov
&, 2011), DAMERIEM & C:N s EA 15:1~30:1 (Wardwell 55, 1983).

T VE R G VE Z SRR A IR ], XA & B U R AR P Y8 e () Eb Xk o B i B
5, HE R R A S A % (Hobbs, 1986). pH H = B HL T Yo 18 /K B 5
AL (Farrell, 2012), DA 3SR = EMEP 287 (Pankratov 5%,  2011).
A I A A K SRS RR A, EE e e 8 28 S 2= A2 B B A= v i i AR
WY, X SRR I — PG e Rk 7 i # (Pankratov 5%, 2011). fEJeiAH 0
NE A BOKA] LIRS M (Hobbs, 1986). XFEMIMHT N 5, J0 it fe i B —ANsin pH
RIS, B FEPIAE pH AE 7.0~7.5 YU NS M s (Wardwell 55, 1983),

FIREB RGP IRERARE, WEEMEERZ BRG], FOVH A KB HE—
BRI o B, BN A IR IR MAEY), AR 15~45°C 1) 885 FE o B N &
TR, X YO IR RGN 10°CiEME iR S 2~3 0L . SRR S AN &
FEWR VSN 35~40°C (Hobbs, 1986; O’ Kelly, 2008). {HiE 20~30°C, pH>5 KT,
JeVETT LL5E 27 (Hobbs, 1986).

3 MEMRAERE

ANFIZRA L ARF S A R RAEY IR S22, (HRERD AT &e R Z
AR B R 505 S, AT IR 7 I GRIEA S (Hingley, 1993). HHRZE S
L) = Fh E BEREY R B, R A Y . B AT RT DU I A S A R 4
I EHAX A (Mitchell 1 Santamarina, 2005). & EIFE T, AR UK EERZR
CHE, FARMERER, XAl RHENIAEE, R IR A 2.
2 BT - 2 v B B S MR A E R kg B3 10°~10" A4 (Mitchell
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Santamarina, 2005). SATIAS[FIZEBAH R AL TE IR EAE, SERREE AT REA IR KIANE, 1%
BT B3R R AIRIVR E (Barns Fll Nierzwicki- Bauer, 1997). 75 B 844N H A A7 1L U 25 8
WA T IREBIAN B A F RS s SRR B & | B A S T #Re 8 A A7
(Mitchell 1 Santamarina, 2005). [, PR8I R 2 Eis A P o 2 IR A B4
B, JE 3 RAGKATRER UK B (T8 YRR

HARAERS RS IRR AT LA acrotelm BY, catotelm, X 3 B AR HE 2R 15 1 /K AL A
I ARFEFERKI S . 1E acrotelm B K2 BUMAY) & AL, BIAXZERT LS, K,
Bl R KA B AR/ 2= M B 3R A R 0 14 S0 (Hobbs, 1986). Ji)Z catotelm H (1)1l
Y —oR PRAER, T HORZ MR iR, BrE WD (Farrell, 2012; Hobbs, 1986). A
G BN 2RV A A AR W R, AH TR AP BN B AR VR IRD B B R BT
FRRFER T (Glatzel 58, 2004). KRR iS5 F2 0D DL AR 5R 2 &
B AR R D

AHEE, WEEEE IHAUATE, RS RIS AV R GV O R R, RAETR
B CUNEEIEAAAE, TURR R AN N 2.6 X 10°CFU/g, X B CFU (HTE T AL
A MR EEH (Hunter 25, 2006). 27455500 % ¥ % = BAG o i 4
HEFBE T IIERAT B | SO 41 4 1 T 4T 18 P& (Pankratov 55, 2011). 2RI, BRAF B AMEHE
212 TR R A A ] DA SRS AR AL, W RN I S B I A, e AT B AR R B A X R
8o DRI, AR PRGENR 27 24 B B A B 1 o 1 LR ) PR 25 A2 I B8 ok 73 il 22 /R H 80k
B, 1F acrotelm M 243E K, HoPHETEEH 7 3.7X 10 °CFU/ ¢ T8 7% (Hunter
S, 20060, il RS INIZ AR B R A AN AN KA, BRI T AR KR N . HE A
BEZFEMIKARRE ST, WA IEMRLT e, nliatEmBER . KA. ek RS E
A% (Pankratov %5, 2011).

4 SEWHRIFARFE

4.1 R BRI A

VR 5 T FH B 98 3R A RHER 1 5% /K 2% Kildare BB Ballydermot K 4R R 7K Az L B8 B
Mo SRAEM BL 1 JeE A% RS, 2 JEHIAEEHT — R A= WAL . @A PPFA (X
H % /K 2% Longford #f#) Lanesborough k) FIRHEERIRE, AT 520 o fd i) 2R
HilR & pH {EA C:N b, Wi R a4 508 pH fH 7.0~7.5, C:N L 25:1~30:1.

PPFA 1EN—Fh i FORCIR M R E 242, B, fESRTT5 /K75 Ve it Fa
SE AL AL B A B A K B A K (O’ Kelly, 2006b). ¥E R ZAF N s 2 BN e & B &k
46% . DRI, WA EMIXFRL, BT DMER R ER CN HI RN . BRI A
SRR, FHBIF RO A TR, DL R R TR A E 3 51
4.2 MM R E R MR

MARRIEA RO A SR, B RARVKIZN CN W, BRRIENERESES G5
TRIG A [FYE R TR A PR F s o & /K Bl I AR R AR 5L 7E 105°CHURT T4 48 /NI 5
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WRBRAE (LL) FI¥EFRAE (PL) 43 5% 80g-30° ¥4 s BRI A A1 Casagrande $2%1%
i AR LL M A RS EARER S, 1 B TR M A 4E, AR5 3T TIsk
— PR ST HORPIR TR A 4% o A LU EE A /N B SRR 52, R AR A B 2K VR 9 B EE
I . T E B R B ADEHE 440°C 5 3R i T 18 /NI RUBRIZOR RS kel 52
PLE TR $4 18 BS1377 FIVE R HE4T (BSI, 1990a, 1990b). BACE IR KFr AL id 150pum
i B A4, A4S & (FCO RUNMAE R SR E & ST ER A 7tk (ASTM,
2008). Ve kM EFEEE A (HD Rox, HAEAT 1 A1 10 2 [8), HAp H R R waEka
I3, Hig RARTeRTEENR RS RFFIEE H X —RIE™H 2 LR R T IEEY
RIS, (HARSCH— RO R Rom 0 R X — &
4.3 HRMFIBERHE

RIEFN AR pH 1 C:N L, JemIBA Y PPFA R I AT 75 FH &2 AP Beif g
B BRHE T Z AR AR . BB, PPFA HINEILRK TEEN 27%, 55%,
109%, 160%IAFME, H5RAEKEMERERE. FHBET pH 1HUE pH &, Hik
7 PPFA B 40 & &M pHAE A )G 2R, B € e IR A YIS 2 i Ak pH B IN T 75 PPFA ¥
&, BB, ERIEEY pH EfERMAEERE 7.0~7.5 2, A[FH C:N iEi VARIO
TCR AT 2 o« R I = AH FAE o A8 Barbarick (2006) #5 H ¥ 77 V28 2 15
B CN H 15~30:1 JEE N FTFE R R E. XA BV 5= VR A iR 56 5t % F A AR
KFRFRREAT T
4.4 Rk BAHNEESHES

SXof DR DR R e ok kAT G 2 UGS I A BV R 1 4k (R A FOHES o R A A B
£ 100mm, £ 1.0m f 7B R (EVR PRV EURE . IZBURRE B — AN RELJ1 7], v Lljgsb
KEERT T 4EMT R RS 4 (O Kelly, 2009, JFUIR YR 5 0 i S0 D 2 V4 o5 ] 4% 55 98
TR, HIAIAE 14kPa B LATEL T M R4 28 K, AR EALYE R Pl 45 & 77, T
FREAE 150mm KJE 150mm W L. FHRERI G E R, A7 HEE SRS 4451,
JEIR AN 2L 38 Y8 % - AE 4% Zainorabidin %5 (2010) ZUIASFESCER € iR E =S8 h T

o
4.5 MEMBHIETMR

$of RARVEIR S AR IR 04T ZME . PPFA VR INAAI0) 5 A Tk A A P e 1 S 00 4 AT 4
fili, BN TN EATHE— D R Ie R Z W 17 AnE PSR, RN B B 4L
i, ATLAI VR R E R AR R . R SO AR IR R BB B F AR R L KA
TR B L, BT O R R () S T U B 5 o« TEARSZIR T, BEHLS A
FREL 1.0g WV R EAEINF] 9.0mL T AEFEEE K (B 107 FIFRRRE ). FHRBh B Eas it bt
VIRV EVET A 5 53 B0 i3k — R B R I 1.0mL DA F] 9.0mL TG A= B 21
Kb, AERREEAS R 107, 107, 107 BURFEIFREE & PG, 43 0.1mL. 45
06 SR FH W b R R S [ A R 0, BI-H3 R (TSA 1/10) FBE R (A Bk S B f A me B g
P AR IR G A TR 7% T PARTESE IR 20°C & S ME A P Al 2 A1 R kAT 85 5%
TR it R AR A A B 0 P P B B TR P B BT AR B R 5 RAT 10 KSR CFU 3k
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3, HiIRFIRN CFU/ g TR, FEERE, E/REha A, Rl Boe iR
IRE 20°C, ftan-FRIARFRER B TR, T BeBoR R BRIl 2 77 Sl B 50
5% A e JREARFEIRAET SR A HABBLU A DRI RE 208 B B AR, ARSI 4
SR U e R T E A R

5 MIugER

5.1 SR B PPFA #ARM4RE

T ise KARVE R TN PPFA AR PEREUNZR 1 Fiom o 0 LAE H TR R J2 I 21 4 25 40 R A
TR LL 56 e R o, 452 ¥R PLARES . AR LL AR &, (5 55 RE e %
JuEE A —% (Hobbs, 1986).

R 1 IR A

REMER bR FRLEA
VeI PPFA
KR % 1330 18.5
TR/ % 790 60
R/ % — 51
AL 1.43 2.59
TFHEREKE % 98.5 4.4
RETUEE R % 78 0
pH 5.4 11.8
CN 42.840.4:1 0
100 o

901

80+

70

60

= 50

¥ a0

® 30

20

10

0
0-0001  0-001 0-01 0-1 1 10 100

A 4F: mm

K 1 PPFA Py I il 28
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T LA TGEE R ER 3mm (%%, BUUCN KRR R ZIEB M B, 5TV IR BT
KT & K BN 2 e T T 3 55Tk (Hobbs, 1986), Ff LAIARFEXT &AM RIE G
KRG, KRR EARBRI A E N 1.43, N TAERMARER 1.4~1.5 JEHE 2 H
(Hobbs, 1986, XA 5 H 82% M) m 4l 4E & & ILAC. RAVeRE MM, pHEN 4.5,
A S BN 54.241.3% , 1.25+0.03% (n=3), K E, T CN A 43:1. MR
PPFA #EHH 30% R Ye, 70% T4 Canl 1), VAT R 41 e SR 40 A o

HZRH, JRFEEHPEME (Hse) FEREMVER S B4R, ZAEYERNTHX K
ZHEREFEYRE A . KRRV RTEBMEFYE S 78%, SK-HEK Sy, R, 132
T Sphagnum—Carex— Cladium—Alnus—Betula—Phragmited J&. % (ASTM, 2007 ), #R#E von Post
(Ve 5 73 2 2 454 T SCWPh-H5-6-B4-F3-R2-WO0 % (Landva A1 Pheeney, 1980).
5.2 R BEAHRERSHES

Bl 2 45 T R IRRFEARNDCZEIE, 1T LU O i A b T &5 IR S
PR FT S M 2L AT HEN, e FOR SRR E X 4 i 2 R W R . S 4T 4
IR HER K A ARk, X FIAS A 7 JEUIR AR AN 55 98 - RE AR R BEALAT, BT AT A4 E i
FEE T I

e

(a) JFIRAAE (b) HIBAFE
B2 RIRER L2 B

53 ARmMAIMBRERETRE

eIk J= I I PPRA J5 HARMEBUR B 02, i 3 fm. S7KEMIRR &I k),
T [ AR 25 1A pH B B 3G K. WA Y E IR &R R 7 RIS /K BN RA HAL B
BOR, wE 3 (o) B

K4 PPFA A5 HIE st (pH v 11.8), G KIZM BRI L EIE SR 2B &Y pH
IR (F 3 () P, IS TR T E 30% 1 PPFA, MBS TRIKIEED)
MTER 22.7%, ] UME 2 k2] pH EAETEH 7.0~7.5. 05 PPFA RIN&ESE K, WF~=4
HERAY), X MHIMAEER, BRI .
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1600 12 100 2.5
10 20
1200 75
8
i
% ill:} 15 Ve
4n 800 65 K 50 £
R 10,
© 400 b kE ey [ 25 - ERE
1 - EKE ~pH . .
) ~HE 05
0 . 0 0 0
0 20 40 50 80 100 120 140 160 180 0 20 40 60 80 ,“HOO 120 140 160 180
PPFA: % PPFA: %
(@) (b)
1600 12 100 25
10 20
1200 75
e 8 g 15
X W« — —_— W
& 800 6% = o e
. N ~ kg x
400 ~ &KE  =pH , - HE 05
0
0 0
0 20 40 B0 80 100 120 140 160 180 0 20 40 60 %O ‘1090 120 140 160 180
Urea: % rea: %

© (d)

3 MEMERTE R 5 PPFA FIJR BRI R 1)K R

PR RN, WRAERRYER AR 30%PPFA, BT PPFA &k (—Mdit
TREN 8%), C:N LM JFERET 43.4:1 HEKF] 51.5:1 (n=6). NiLF|fHxE C:N L 25~
30:1 (WK 2 Fim), REARSHAIIA S TR T & 22% MR E, EIERTIRRIESY
T HI 1.63% o AN AR R G 50 TS s S AR — B, TEBH IR IR SRR ik
A DA SOIA B AT 9 C:N AT pH ME.

R 2 UM 30%PPFA Ve RIB WIS TS HE C:N

RIS R = b
FIKE % Lb TR % pH BEHE % C:N
30%PPFA A 951 1.62 73 7.4 38.8+1.0 50.1£2.3
B 892 1.60 70 7.3 38.9+0.6 51.6t1.4
C 948 1.60 69 7.3 —_— —_—
30%PPFA+ A 963 1.59 76 72 41.640.5 30.8+0.1
22%KE B 936 1.57 75 7.2 414404 309+1.2
C 967 1.60 73 7.3 41.3+1.1 29.5+0.4
4
5.4 EPHIR

R 3 FIHHR KA AR B R IR R - BEAT TR BN P S L AR £ -7 2
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fH, AN CFU/ g FiR®. TSA1/10 AR BRI EEEH &4 BAR (nE 4, X
W Ballydermot YR IRIE &5 72 Ve ik HIUAF AP RE 7258, ARt AT DLW 52 31 e ok
IR RS IR B PAR E A TR Vs, RUKI Khammar 55 (2004) C&RkiEd. KRRV
g b A BT S IS BN 2.6 X 10° CFU/g TR %, XM Hunter 25 (2006) )i ()
B —8 FEFERNE, WA MR FE SO AL H Y, BT L TSA1/10 “FAR L
TE R B8 T 20 B 22 S8R AT DU RE N, KRV TR A A RIVR B A A M4 22 40K (Barns
FI Nierzwicki-Baer, 1997). It4bh, Ve IR Z AMPET AL, B DU TR
Be R ARXTAN B A K, K2 HORE ML R A R XL E P 41 4 25 1 i B B o il ol
SRR, AT, BRAT R IRIRLF4E B SE, ) A0 FUR W Re % PR e Ik Th I 41 4E 2 (Hunter
&, 2006; Pankratov 5, 2011). #E— B HIMEERN, ERFRIPAMNE 5 25 10 X, WED
PTEBOOF R BN, X KRR PR ERIRT S =0T S ROEHFER . TSA 1/10 X
TR A B TR 1D T e AR I AR A R T BB AR ARV TE AR O, AR R AN AT R
e e IR AF U AE D B SRS R, W T A S Va

3 RIRYE A TR AR SBUIR 10 A5 MR BRI AE Y

A FEIRINEY PEMAYEE: CFU/g
PN 10 RJ&
A HHE 3.7%10° 3.7X10°
IRE — 2.2X10°
B a4 1.5X10° 15X 10
IRE — 6.4X10°

(SN S YNR Y F WD A

BARECLL VR RIES Y (BPURIN 30%PPFA, 2.2%JRE) H-PImMEmFEEECh 9.4X
10°CFU/ g Fie%, mMATLIF S, XETRINFILT- &A% R IRTE 7= o 5 A ot s
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BPEAFITEOA . IR B S VO ] 35~40°C AR INET, BEE R, TR

HR I .
6 e BERIEEE

Ve R HAN N PPFA FPR 2R 5 G0 FREE 1) ST 5200 v AR % 1) SCRkARoE,  thv/r & R Rix
FMEHESR L TR N HAR. PPFA i34 70 58 M AERR £ /K (OPC) AR I
K (coal PFA) AHiT, (HEE FAEZES (WK 4 fion). [k, PPFA X HABEHEAEfaE
i SHEK (coal PFA) Rl Hor 4 NFEIL 1 o] B2 8875 S HE R R Ve s FLER K
NI R K, B E B2 PPFA FT e 48 B 1 rl Re e th I3 Wil & B AR s milie . R
ik, BT IR, IEATRE IS AT, BH R RN AR B T U B 2 R
(Kumpiene %5, 2007). FAEDDIE SR BER N & BRI R R R A RN, A RESTETR
RHEFEAEGANIEIREEK, KIS 2SR EERK. ENRERNEE QRRTE
22%MIRED, KAMBERHIERE, BHT ARSI LT ol LZRS . Bk, #0900
R HES TARAH SR R 2 43 il T B S BOR S h I = SAARHEBCR G N, XM o 5 1 sk,

# 4 OPC Fl PPFA DL Coal PFA HI4L2=2H B

B e OPC: % Coal PFA: % PPFA: %
JURIY Ju JURAE Ju HAE Ju
Si0, 20.0 17.0-25.0 48.0 45.0-51.0 35.1 15.5-65.0
ALO; 6.0 3.0-8.0 27.0 24.0-32.0 5.7 3.5-22.5
Fe,0; 3.0 0.5-0.6 9.0 7.0-11.0 3.0 2.0-22.5
CaO 63.0 60.0-67.0 33 1.1-5.4 227 9.0-47.0
MgO 1.5 0.5-4.0 2.0 1.5-4.4 5.6 3.49.8
K>0 0.5 0.3-1.2 3.8 2.8-4.5 0.1 0.03-0.2
Na,O 0.5 0.3-1.2 12 0.9-1.7 0.4 0.1-0.7
SO, 2.0 2.0-3.5 0.6 0.3-1.3 175 0.4-17.5
A
7 &g

AT FEANNAELT YR Y R DTAR A AR AE R AT, et o0 m] DA/ — IR 4 DT
B fe, IXER A UTRRAT AT R FE ETRE,  ANIT 3 B A ) SR A B A i v T R A A A
YU = ARIGAT AR, W LS IR BB R A S E R, N TR R A 4
B 43 A ) E EE PRI R 3 B vy CoN LRI s pHARL, A58 3 49 il ik B e 5 L, C:N by 25~
30:1, pH AN 7.0~7.5. PPFA DRI Sl 1 oA —FPE 8B i) o

WG URAIE FE AT o S5 20 R FE P (R IR &5 8%, RN 30% PPFA 1 2.2 % JR & (& ie ik T &=
i) il I ALRC LLVR &4, X 43 BIA 24 T I KB e 5k o 43 AN N 21kg PPFA AT 1.5kg
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PRER o MECECAE DU & AN SERRAC BN o 5 T4, ROR G B XFE H AT R R ST
FEHK) PPFA BT LATE PPFA 7= BRI, A3 2000 FH SR I AL BE TR o iy AR
bk B AR AR LI AL B EOR, BT 2 S WSO, S INAT & vl RS A i 1 2
Ko SR, IX eSO 25 AN AT B B 3 TR SEE BT DA R S IR AR SEET AL . 1k
Bk, 2 B EIAN [ RE A 1A R 2EL PSR 2 S5 A 0 7 i F) R 1) A1 32 A B UM S5 1 R 2
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