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Abstract

Since the inorganic polymer concrete has the advantages of lower energy
consumption, less pollution, rapid hardening, early strength and durability, the
structural members made by inorganic polymer concrete were chose as the research
object. The related tests and theoretical studies had emphatically been carried on these
members for the application of the material in the field of structural engineering to
provide theoretical basis and experimental data.

By adopting the method of combination experiment and theory analysis, the
mechanical properties of structural members were studied from follow aspects: Firstly,
the experimental study on the basic mechanical properties of materials was
proceeding, and the unidirectional damage constitutive relation of materials was put
forward. Secondly, the prestressed beams were studied, and the prediction models of
materials for creep and shrinkage were constructed. On the basis of these researches,
the losses of prestress were calculated and compared with experimental results.
Thirdly, for investigating the seismic performance of materials, the low frequency
cyclic loading experiments for inorganic polymer concrete filled steel tube column
were evaluated, and the damage assessment model of column was established.

Main research work and important results are as follows:

1. Based on the probability distribution of strength for inorganic polymer
concrete in rising and falling period, the damage variable defined by probability
distribution was introduced to deduce the evolution of the unidirectional damage
constitutive relation. The unidirectional damage constitutive relation is unified
relation formula in tension and compression state.

2. Through the damage constitutive relation, it is put forward to use the damage
threshold value and the critical damage value to distinguish the elastic, plastic state
and failure state of inorganic polymer concrete.

3. The experimental studies for prestressed beams were carried out. Studies show
that the main failure pattern, similar to that of ordinary concrete prestressed beam, is
destroyed by bend and that the calculation formula suggested by the existing
theoretical model of ordinary concrete is suit for that of inorganic polymer concrete.

4. The loss of prestress was also analyzed. Considering the nonuniform
distribution of contact stress, the formulas were put forward to calculate the friction

loss at the turning point. In the condition that the setting length is greater than the total



length of member, the prestress loss was deduced and calculated. Compared with
prestressed beam of ordinary concrete, the main difference of prestress loss lies in the
loss caused by shrinkage and creep.

5. According to the influence factors for shrinkage and creep of inorganic
polymer concrete, the multi parameters prediction model for shrinkage and creep is
created. And using the short-term test data to fit related parameters, the prediction
model is obtained.

6. The long-term shrinkage and creep were calculated by prediction model. Its
ultimate shrinkage is 5.10x10™, and it is larger than the final shrinkage 3.13x10™ of
ordinary concrete. Its ultimate creep coefficient is 0.9, and it is smaller than that of
ordinary concrete for 1.69. From the point of long-term performance, the overall
deformation stability is good for inorganic polymer concrete.

7. Through low frequency cyclic loading tests of inorganic polymer concrete
filled steel tube column, the seismic performance parameters about hysteresis curves,
skeleton curves, restoring force model, displacement ductility coefficient, and
coefficient of energy dissipation were obtained. The hysteresis curves for all
specimens present the spindle, and show local rheostriction. As a whole, the hysteresis
curve is full, and presents a better seismic performance. Compared with ordinary
concrete member at the same conditions, the seismic performance is consistent. The
displacement ductility coefficient is all above 3.0, and is above 6.0 for member of
high steel ratio. The energy dissipation coefficient in ultimate hysteresis loop is all
above 2.0, and is above 3.0 for member of high steel ratio. These suggest that the
seismic performance of member is very good.

8. Under the condition of determining the yield hysteresis ring stiffness &, and
ultimate hysteresis ring stiffness k,, the stiffness degradation rule is proposed.Based
on damage variables for stiffness degradation, the earthquake damage of inorganic
polymer concrete filled steel tube column is evaluated, and the relationship criterion

between earthquake damage level and the damage value is established.

Keywords: Inorganic polymer concrete; Damage constitutive relation; Shrinkage
and creep; Prestressed beam; Seismic performance and damage

evaluation



BB T B st s sas s sas s s sae s ses e s tes 1
L G S ettt 1
L2 BRI ..o 2
1.3 TR Y I TT T oo 3
1.4 E A ANEFEEGIETTIIIR (oo 4

1.4.1 TEHLER AR L IEE oo 5
1.4.2 THLIER R L PEBEIT I oo, 8
1.4.3 TEHLER AR LT oo 12
1.5 PRI TTIR H LT S oot 13
151 BIFTE I oo 13
1.5.2 BHFFTTE X oot 14
1.6 AR ST ETE TAE oo 14
161 FIFFEIAZR oo 14
1.6.2 BT T oot 15

F2E THREWIRETEAR T ZWRE KB RBII vcneerecscnneisinnns 16
20 N1 =SOSR 16
2.2 JEMBEBLICATEL oo 17
2.3 HUBHRLEARIE LLAT I oo, 18
2.4 FAPERTER B UARA EEARI AL T oo, 19
2.5 BERAHTRL IR ARG AL AE R oo, 23
2.6 TLHLERGYIREE LB AN DR TTFEREHET oo 25

2.6.1 B D FEIBFIIE oo 25
2.6.2 ETFBATEAL T FEHE S oo 29
2.6.3 FIEBHRTEAL T FEIE T oo 30
2.7 TEHLR A YR L H AT A FITE TR oo 31
2.7.1 B A K O R B - A AT R LG e, 31
2.7.2 TEHLR AR T THEITME oo, 32

2.7.3 ML MR 0 A I oo 33



2.8 TEHLR G Piit - F i B AR SR AL T3 oo 34

2.8.1 VR UE L PRS2 T N - AR TE R IGUE oo, 34
2.8.2 VR IE - BRI A2 R N - A T ZR I oo 36
2.8.3 AR A WIREE LR 52 He B 7 - R AR IR IGUE oo 37
2.9 ZRFEIINGE oo, 38
#F 3 E THREWIREE LIS RARBIII coeercrcrciensssssessssssssssssssnns 40
K70 =1 =TT 40
3.2 TR TR IETETE oo 40
3.3 TN A LEIVE BT TN oo 41
3.4 FRS TR AT T oot 42
3.5 TN T RARIE INZRTT X ARIE TV oo 43
3.6 MY SRR BRRIE G TR oo, 44
3.7 TR g gt ik R N g RIAR T LA K IR TR oo, 44
3.8 TR FTRINZ T HEIRTEZS oo 46
3.9 TR TR ST FLAETE oo 50
310 AT /NGE et 53
£ R W1 Sk Y S o I VAVAL 5 VA K 5 2 A 54
A1 TG ettt 54
4.2 TN I35 5 FLIE BE 2 TR BEHE S 1R (R TH JJHR O oo 55
4.2.1 PEHEG I SR 0 T e 55
4.2.2 FEBEG ERITIN. JHUR o) VEABIE oo, 57
4.2.3 PEEG RITNY. JHUR o) TR IEER oo, 58
4.3 i HARTE 5N IR 5 RS BT THR R Oy evveeeeeeeeciseiseeeeeiee s 59
4.3.1 HERTUS FIFEE AR 0y TFEE oo 60
4.3.2 BB ERPTE TN S I AT R BI R 0y T oo 60
4.3.3 TR A WDIREE LI ) B R R 55 B T 40 R AT B e 63
4.4 TEHLER A WIREE 1 HE T8 5 E BT TJHIR Oy v 66
4.5 TN S3FHRAS T IHE TR TTHEK Gy oo 66
4.6 TEHLER A VIR EE LWL FIR AL G RS BT TR O v 67

4.7 T A AT T <ot 69



B R B N ettt et 70

%5 B THEREWIRE AR R IIBLBIETT orecnecnnecncnncsnens 71
5L S ettt 71
5.2 AL G PIREE L UCAR AR AR TR e 74

521 WABEFEMIIRIZR oo 74
522 WTAETTIIRETEL oo 75
523 ARAFFEMIIEIZR (oo 76
524 BRAETIIIET oo, 77
5.3 AL G PIREE TUARIR BRI SR o 79
531 WA BLAT IR <o 79
532 ARABTRIE BLAE TR <o, 81
5.4 ToHLER G DR e T W Aa 1R AR T ASE 2 2 50 72 ARSI oo 82
5.4.1 WA TR B HTIIIE oo 83
5.4.2 ARAF TR B ELIIIE oo, 84
5.4.3 WA RIS ITI TR ...ovoeeeeee e 85
5.4.4 AR TR IFTII ....oovoeeeeeeeeeeee e, 86
5.5 ZTEIINGE oo 87

%6 E NELHESWIRE L R EFBOARBATI coorrrereereennenscnscinnes 88
0.1 5 T ettt 88
6.2 B TEALER S IR AT AR S AT B e, 89

6.2.1 BT AR BB oo, 90
6.2.2 TRIHE B FINZTIFILE ©oovoeeeeeeeeeeeeeeeeeeee e 91
6.3 B TEALER S IR HATAR ) S A BRI A5 2R e, 92
6.3 1 BEIRTEZS <o 93
632 TREE T ZBTETLIEPE BB oo, 94
6.3.3 THIFTHIZL <o, 95
6.4 P TN AW T AEHURENERE AT e, 98
6.4.1 W B FEBEIIHT oo 98
6.4.2 B A S BEIRALIRAE oo 101

6.4 3 K I IR T ettt 104



6.5 HE TCH LR G IR B AR R B PRI 105

6.5. 1 H A AT B R I oo 106
6.5.2 T A A T G AIE <o er e 110

6.6 R BE /N ettt ettt r et et er s ens 111
T BT BT GBI ceeeeeeeeeeeeeesesesssssssssssssssesssesssssssssssesessss s st s sesessesssesesssssnns 112
Tl B oot ettt t e et et e et et e et e e s e ereaes 112

T B oo, 114
BRI TR cveveveeerereesesesesssssssssssssssssssssssnsasssssesensassssssssensssssssssensasasasesensnsssssssnsssnsnssns 115
B T eeeeeeeeeeeesseensssnssssssnsssssssssssssssssssssssnssssnsssssssssnsnsssssssssnsssssensassnssssssnsessnsssssnsessnes 122



GO TR S 22 AR 3

F1E it

1155

XT3 B CHLSI-AUSUIR A R A B e IR R /K e v A LSR5 1k
19304FAX,, A Job % 315 0 A PR 3k /K Ve Ak el P S HTLERAIE Y, 96 [ 2% # Purdondg i T
“Tlas H. Ak R, A BRI NaOH g X% i Rt 3]
TEIMEAVERT, ROBRISOS . AEBRIIAE RS, KV i Al S /KA P45 1)
(e HER 7 1 AT RS 3)) 1 B U R A N IR AR TR B . % W) 155 Ca(OH) K AR [ b
TE AR e 7 R AL (P37 7= R PR A RVER BRS040 » I 09 2B 1l T 8 S N BT 9 (1)
B NaOH

1950~19604FEAX, AT 71 AL K Glukhovskii B8 7= AE 0m 1 F BRI A4 1 &
SLARAL A 25 =T T R RGBT K IREVE R B & 57 A4 kLR NaOH A,
ook <53 JeB 288 1) 5 A b LA K WA DAy I Y ERTORMA E Tnidi<ee Jeg RV S AR |
WS LA TR . TRIR . WEIR . REPRFNERRERR ER2S5E, AH N [ &5 WAL 1R 7= 4 Jg 7K
GRS S50 S5 Y TOK GERERR £ 55 . IERBOS BB AL b, T RIeRH K
B0 RJEIEF T “Bi N M AL SRR AT T Bk
(TR, Rl I s 24 AL = A 1 @ ARk, 2RV g i) o 5 RS A
(forshargite).

19783 E A LR 5K . Davidovits A FHVE PEARES Si-AUSUM K5 i il il [
I R A Bl B AT A WL 43 2R A W A ) A I UR B 4 A TR B L
Si-A VTR R, B4k Hi 28 & 9)(Geopolymer) o 43X M ICHLSi-ALT IR R
IR 8 o R S 1 S S T v 0 Tk Si-AUTUM RS B W 4% 5 B 3 AT R
G BiEE, A MR RE PR G, AR ZIEEYREERIBAE Y, R
JEAEE A A R N TSR — A

19874F 56 [ ¢ 47 ¥ Je WK 2 #d% Della. M. Roy X 24 I i & JBe bt i f
FUBURIEAT T VAR 45, 785 K Je SREAT R T AR 2 (R PR AT 1 VR4 i
FIA, IFAERE e b LU B ikl 45 B R — A B S B B U R T Si e ie
RPERHE S o 8 SO X 0T SR R e R R A R 5T R A 4R ) et L
XPZHT L BB R 9T i FE T3 1) R0 N i S g4 T 1 F00, A 4 I AR 5T
RN R T J7 1) o BEA BRSO BRI T RN s AR e 1k e AN W e A 3 I



GO TR S 22 AR 3

PRE, N AR EE M T B . BE S, 25 B AR AT T I BA I A e
GEARHIATIT,  FFANKIAT AH I BUR AR R n) 1

TEVRS AR UL R b, BT AN [R] (R B CA A L B [ A ) A ] ()
FE G TR ARR, WERERATA G Mg AR g G M %5, it
HEEWRLT AT KIEE . 175 EIMGeopolymer—ialff i ) 12, FELEH
WA SR — SO ol oy 44 O U PR A ) sl R G4, AH N fh 1A LA
FRVR Tt - AR by M T 3 A TR et 5 . 19754 [l s b E SRl or [ B 28 A v it +-
TR, M ERIERT IR EBEAEWIRE L 41 (International Congresson
Polymers in concrete[aj#RICPIC). ] IHER & WG 4% ikt =245 REWM G
WL, WIFRPC: BAYKIeREE L, HIFPCC: REWEBUREE T, fIFKPIC.
PC AN LUK A h ok &R —Fh SR A iR Bt L s PCCAE: LUR S AIK e SE R AE A Ik
BB — R SR G R Bt PICEXS SR IR VR &t - A A HLE AR 0T, AR
Jo P AR Ak, A VR IE LIRS RIS 1 — R R AR AR R R
BVEAPIRGINEE . XN, AICK R S YIRTRLERE ) TR GV
Bl R ILHIVE TR EE I RR A JCHLER & TR EE 1.

YE R — P BB KL, TEHLER SR KL (IPGM, Inorganic Polymer Gel
Materials) ITAFRAE A TRE . AEE TREAUIRSZ 2R ORI . AW ITIE PIK
AN NG VE FE AR R Y K. BT, JTEHUER S WIS B 245 K AR R
IR B v U - EE AT W) ik R, DABICRME AR ] AL S AR IR
MBI TR 3, RS, e+ w, Hill& T2, R,
LKA, AL B AT PRAE, Lo, T A PRS0 R EHLER SR EE+ (IPC,
Inorganic Polymer Concrete) & LATGHLER G WK M B AK e B BEA R (1)
TRE T

1.2 BRABRIR

ARSI B “TENUER SR EE T S eI s A i N T
HY KR IUH “ToHUER ARG TN 3R 090”7 (w5 201206HX01)
HH ST AT .



GO TR S 22 AR 3

1.3 SR EKER

TN A W) B A R OUE b 52 B e AR &t A 21020 AR S A, 28 ) oA
[A104]+ [SiOs] S 3 4145 11 VU T A 5 70 45 A B AL B IR = 4E &5 1) o [SiOs] N
[A1O4] VY ThIAA i 2 22 I T i i B Ak 4085 ( -Si -O-A1-0-Si -O-) FIRERR 4% ( -Si
-0-Al -O-) LU M fid4 — k4% ( -Si -0-A1-0-Si -O-Si -O-)& W R E K 4> T 451, 1%
Iy Y G RTAE SR A R A B B R SR B A A A R, W i ki op R
SHJE LU, Bk A R o SR TCH LR S WAL £ R TR B - Pt T i B ]
1%32~60 MPa. TCHL PIRA M ELE —Flopr B iess bl SopkRe 5KVl
TN AR JEA R LU T R =, SRR, g Em, HLifl
& LA, B GOKIe A=A FE2 Py s el 72, BeARAR, V54, Rt
T EAT T R BB R AR 0 T RE R SRR,

HAT, KT AR EDIREA BT CHS T St e, wRH TH
W ORI i s DLR B S A SRR IR IR 7 o 7ETEHLER & WA
B SR b, 0 e 64 R TEH LR S Ve E AR AR PE R A SR S T
BRI A R o D TR S R T K R 23 B R A R B R B A
5T B HO—PIEAE 1T AVEIR B o KR SRR T 5%, REdlE XM
WK%, HoBKELE2.46 X107 ~ 4.67X 10" m/sZ 8], K—BoB Kk HABRE
1£8.2%~13% 2 A1 AL, B iRt LA L, 28R IR M LR & W iR e 14T
BRI M R IR Hh B b (e 4o M L S e LK PR IR B L, TR
HLER A YRS T4 N AEFRY 0 R 60°C i, S L35 5 it 1 4L
iR BTN, TN A IR A R ) T AR RE R B E N,
RETH AL T S B . F 45 A o

HAr, BT IEHER SR BT TS TR 2 R, s TR
2 DU A 4 e P BE T LR A iRt 11T S 2 DA R 08 -7 4% T
TEHUR B WRSEATRIY: JE Rt R K DA L RSB 4% 7 N &
WA RO bR T2 Bt AR 1 45 M LR S sep R 4 v 2 g AR
FORE R\ UER GV S AT 2 REM R, I 3R E R B E R AL
(712009100221 12. 6) o ZAEHE LU . FHEIK . 025 52K 206/ NG TR T IR
SERYFLIRAEBOR FIRERR BN IG/E R AR B SR & 5 WL 4 1 5 6 el
kBl ZEAMEEASPTIUR A, HFRAT R, mEEEAC SR
SERIEUE . BURDTYTORE nT AR & AR S5 A AT H KN EAR. Ik, B



GO TR S 22 AR 3

BeAh i iR A A R 1 e LU [ AR RS . T L, (R A
XN S VIR RS C LR, IR T N SERR A G dh o

RYE TS DI B RAT ORI A i 5t Bl - 2988 R Js Rk AN
A, MebbAN—, Phfgthasd, LN PR IR, AuEsiesh, eieitd,
LI V% T B8 Pt 5 T o T TR AR RSE 2 P 5 B R PR DA R R R
AT S BT A T B R TEHUR SRR e 2R AT ]9 v
B TR R KR s I FLIRAE . PUBPERE . PUBE 7 R AT TR L IRk £
PEXIW AL T e [RSEARLs AT BLA IR 1 Z B r BTt 1, BTk 7797
ERPD O SRR RARVPERA S ISR ARAR R DRAFIIESEELL F. %
OB EHOR DI F 58 AT Brei . ARSI UE e Bl . A
FH BB 7R LN S BE R 22, 2/ 5 B84 AT, 37NN 5 vl AT 64
Bl /NI JE R EE KL Al WA REORSEEE, L3I . B H A e A R
I 3-SR TRE AR MRS, A ST I e R n] A S o

N T B HET RO CHEBOR T SR LRI, AR E R IR A A
BTGSeI TCHLER & P B bA Rt g B it FoR G HY - @5l 1 1 3047656
WL 9 7800 MU AT B s A5, WIR AR 10N R A T B T
EAE (B YT PN, g it o 5 58 i BV Rl B4 300N, 7 Jtn , 6 /e i Jk it A IR 7
R, AT T, AR AT RCR « AN, IR UE A TR AR
BXF %A RN B TS AL HEAT TR S A e 1l e

1.4 EASERESHSER

TENUER GBI 7 32 22 LU 75 3K Glukhovsky 205 X B B ¥
FIBFIT TAE AR . 201286/ T4EAR,  BlDavidovits i iy 4 A AT 5410 T
PWUR SIS EEIT T — RSNAWTIE, WA RREH G OTE L D E AR
MM EE . ALZAPEREREAT T RGN, MR RE P R It T VF 2 AT
I E AR « BI20THE2E90E AN, AR IE BER 32 21 T IO Wi 508 (1) AL
DGy MM EHOBTTE, DR T A BT I 25 o EL U P BESF [ Palomo
TP B T ORI 5 T UR S B KL, I e S iRtk ol e
JRARRRPEREDL ST (I TCHL IR S IR s B~ MacKenzie flf 1 F5¢ PAIE L 38
KA 2 T N SRR SRRk R HROCHIE 85 /R A K22 [ Deventer
A 51 RIS A B BIPE IR LIS LIRS W IR R D Rt 45 R AT 55 (1 I 57



GO TR S 22 AR 3

FPERIERTIS AR TIFST: 458 HERISageo-Crensil S MUFHELAL A 4 22 K2 B 1
HEAT VT RETEHLSE A PIIBRER L 2 BB, ST SR B 17 R4
e,

CELMEE T AR RERH L, F AT 6L 50 TE LSS 2 R0 5T
Bl BRI RO W T ETFURISURL B TR AR PRI
1T BTSN R, BB ORI, LA B, B I REReb
PEREUL S St NS, oty T WFTLALTEAUR I, X4 16 O BBERE 4 AT
GO TR —HE, FLRE (R TSCHR ST, A5 S K ST
GURIL, BRI BB 4 R S BT SR 2

1.4.1 TTHLE & WiR st il %

WA YR EE L &% T2 5SmSR, 2R LIRS YIRER
BHPERIKIR o Hl85 TEHLER S WA B 3 B JCH T P B o A= i T JEAILAT™
MR KRR Z, HERT DA SARA—, RIS T 465 o A — Rk
(IR P BESRABAN ], T % TCA LR A W e e iR T C 75 b e v S5 3 v e 48— A
#E o H AT ST BB R A S B AT LA B sk i, IE & ARG
EE T BV RE S M BEAT 73 A b B, DAIIAS 31— S84 5 i AR T i 5 48—
TR G WIS BB & Lh st 5P

N H AT U 2 HIBOA AN JCHLER & IR EE T 3 E 0 W R A
B+ e 0 - 2K . AR SR, - AR I T A TR ) SR
Bl B T2 RN

JEpbkL: B B b WA BSRKS BORA (RERR BT FI A A .
I ] — O MK o 13 FHIE YEFR BAE 1.5% LA /K S i, T
— R EE TR B CaO+MgO/SiO+MnO+TiO+ALOs = 1.2 brvE. Kl 14 5L
BEATHET BN EE R B4 TR L WS, o LR e L 3R TR T 490m™/kg,
BPEIAR] 2.97g/em’ (FBANT HE RO . ACFEJE OB VARG N HS v, [
A Ja = R T vy, RS T SR BT YA 2 A TE LR 1-1s

K 1-1 WEA R
5% CaO Si0,  ALO; MnO  MgO SO, Cr Loss
GE(%) 3855 2944 1957 277 10 3 0.0l  0.36

BRI 71 R P WS T R AT R IR A B, R R IR A ) T Na,0/Si0; te



