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Preface for the Chinese Edition

The term high performance in context with concrete is often used in a restrictive
way. Concrete with a compressive strength higher than 60 N/mm?2 is often referred
to as high performance concrete. This narrow view and unprecise use of technical
terms has at least two major disadvantages. It is very likely to hide in the first place
the real potential to develop high performance concretes for a variety of
applications in which high strength may be of no or of little interest. In addition,
misuse of the term high performance concrete may create the impression that high

strength concrete performs generally better than normal concete and this is by no
means true. ‘

It has been widely accepted that many properties of concrete can be related in one
way or another to its compressive strength. The only reason for this oversimpli-
fication in characterizing a complex material is the fact that compressive strength
can be determined easily and cheaply and that required values can be achieved very
easily. When one adopts the crude prediction rules to estimate the behaviour of high
strength concrete the discrepancy with respect to the real behaviour can be
dramatic. If this is already true for the elastic modulus it becomes even moxe
evident for drying and shrinkage. Normal concrete dries very slowly and, as a
consequence, drying shrinkage develops over many years in elements with
conventional dimensions. High strcngth concrete in many cases is very dense and
because of the low W/C ratio, the drying process is therefore slowed down
tremendously. Drying shrinkage, in contrast, may be 0.3%¢ and more after a curing
period of not more than 28 days. This phenomenon is due to endogenous drying.
Numerous cases are known where the rapid shrinkage of high strength concrete has
originated serious early cracking of concrete structures.

It is also known from the early applications of high strength concrete some thirty
years ago that this material is more brittle than normal concrete. These are just a
few examples to underline the necesSity for careful redefinition of design rules for
high strength concrete. If this is not done properly misapplications of an interesting
material and serious damage will be unavoidable.

In this volume, all contributions to a workshop held at Baubaus University in
Weimar, Germany, are compiled. This was a first attempt to bring together
materials and structural engineers in order to discuss the experimental data so far
available and ways to take the specific properties of high strength concrete into
consideration by simple design rules. It is a first step and it is hoped that it will help
to provide a safe basis for a wider use of high strength concrete in the near future.

October 1997 . [
y. l a‘~. K
F.H. ‘Witt

mann
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3 F AL B S0 R ORRAL —Fh B 2R A0, RN E FH SR B A WA B R L.
T SRR R X FROHURE B B0 B L N SR A I MR BB IR 1T o0, Bl B, SRR H A
HMETFRET A HERSEMHE., ATEEREL TR 28, A EE IR T4
FTHEEERREREE . SRERELA FHEWRE L, KKE K, SHETRIBEKE
BREK. REME, R TFHEEFRTH 28d HEFTEH, EESEid 0. 3%. PEX—HAEHIE
AE‘NEMWE TR, FRELAREERFBEELIEARETRTSICEEL-EW™EY
EHAR. KA 0 EMERBRERELMEHN AT AMNERARLBEL L EREL K. &
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%,
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RE TR A 1 A KA RO 58 B e e 1Y R Tl

&K Calgary K%+ KTf8E W.H.Dilger fl C. Wang
(R&F #F)

(WE) S5L£i@mst (NSCLL4, HHskiRs 2 (HPC) ¥ il F AR tu iR 14, . & 8k
KRR F KRB s 8T g A8 TR A2 & M ¥ vh /K iR K AL , B 3k HPC 47k 4%
PABREREENSCHANTE, AXMIXFTEANEE—CoRER,
MXBPRAAZIHGEAY . LRARRILE, &KL AR, 7 TR0 5%
BIRER e, HSANEF BBKLER, @A KWEHEEIER, 252V
REABINBE A5 FHGKILR B, BHARKERK; F—7 &, 58 KRR
oAk, sk RSk £ 45 S KA R MPRIK, TR RAR K LK,

1 5] ]

PR B ik 120MPa ) HPC, B At F 53R IB 8 £ (HSO) L, iE JLEEH A S CH A
FE g . HPC BN Th EEB 2 TN HRERWEOKH (WREE 7D MEEH . -5 NSC HE,
HPC X EMEREBEHAIEEERBEREL S, CEENFEHEMKE L. 28 S8HEKH,
DA RSB H o R RE#S .

BT RS ARARRE,HPC e, LERIKREBELREE YR, &5 NSC
EHBHARR. Hm, KA EREKEERE SRR, B EKCEE MR EREE
BAKALBE . HPC M5 — LR, Bt F/KBE KB KL R R,

A SCHBF IR K BB L il B B SRk Xt HPC /KL FIERE R BRI . FENWRHIT
WXESHWHBFHEE, YR, HTHEERTYE SR MBEKE, W& miE ik HPC B
fE B E 18918 B4 HPC 1 NSC 14 H ), I AR T XA TH M.

DFHE 4 I\ NSC 2l HPC BiArRHE B BN IS SR, MARER LN RE ., Ei
A EEH HPC F1 NSC M4 /EF i 5c 2 R R M B 4F . A3CHTT ey HPC FI NSC, I REEKX
BT RAE, KRB E NP ERE 50MPa, 2 I8 HPC,2Z2 T4 NSC,

¥ HPC =N A A BIEE AR, URHRZ RGN REHIE I EREN L
i ME BT ARERMN . R, B TRB .S BKF R ARREERW,H
T (13HE 8 A aB A & e 3 T 43 5



2 KIRELHIR W

HTPKKERRBELBESEENVRE R, BFIATREBSRE HPC P EAMEHIER
B 7K B e . HPC g7k B B B 7E 0. 2~0. 4 2 (8], X RERAY 7K e b A 7 {8 9 78 e s Kk 34
A REEHR .

BT K IR ER K L AR BRI K AL B R K B B KK AL R Z KBt e . 38 B, KB 52
LKICTBEMR/NKE AN 0.4, Rifd, KIBER B E K P HAREERRIE LK. B2 HPC
KB AT E 0. 2, Al WEFKIBHKILESBRELT .

2.1 ZKZRLERS KL #R BT RE00

Wang #1 Dilger (1995) iz 1 1 TR %% 1 49 7K B2 L 33 B R SUK AL B B R K AL 38 B 4
B, B 1RF R R A, X F K K i HPC, H 847 R B/K 8 9 | & K AL i i B i i % 3 NSC
WANELE 1-1D . HEEKHER LR, KKK H A 7K T K A BE R R (B 1-2),

A AR AAKRBRBELHEAE
BS5KIEHAEMRIEN, A T KKK ZmE,
fifm, AC1207 (1986) 81X, 7E 3m B R +
W& KR T BUKIE 100kg/m® 8 13. 1C
Freedman (1970) #4 & i £, HPC ¢ & #
100kg/m® KB # 10°C~13.5C, M, Cook 200 ‘ . - |
QD ENE N 1m WIEFTENEE AR 0.20  0.30 0. 40 0.50 0,60
%o 3, X T KB FI B4 5 470kg/m? e
(K IR H 0. 31) F1 540kg/m® K IK H 0. 25) 84 B 1-1 KR BERE Bk A i R
HPC, Ef M & KB T2MA. (Wang # Dilger1995)

L Wang F Dilger (1995) 3§ tH By R #E . AWK K KL Z W , & F B KAEH HPC 1 2
HKACE. MiTRE D THEARNEFEKEYKERBASEREKKEW/C MR
#H1-D,

400

350+

300+

250+

BBARR (k)

RE w/C

AR
f3. 83 ¢
w

&3 8] Bt 1)
(a) )

B 1-2 KIKHX: (@) KALBE . (6) 8K AL i B (Wang #1 Dilger1995)

Q=1[0.264+1.55(W/C)—1.07(W/C)>*]450(k] /kg 7K{E) a-n
2.2 W/CHEERRNEE
AMEREIE BB AR E R W/C B KTTR S . FEEKEA KL KL ARBHTEK
A FLBE, RAFIR B L IREHK,
R, —MRIARHEW/C B HPC B W/C 8 NSC M REHMKB®R, X—HEH
Saeplass 1 Maage (1990) (i 1-3) & Carrasquillo 2 (1981) (F 1-) iR B FEE. E¥MN
« 9.



BER, Y W/C BN, KIE BRSO B B EGE, 80 7 1R 1858 B & R iF 5 B S MUR f
AR AR L. TSR, FRIEW/C 8 HPC, i FHUKKIBA KR L. Eik, %
FE R RN HPC b NSC 18, Bl HPC MK B3 B 3 HED.

100 _ —

- loor ~ Bt 7 ”
X gt s 4
il
o W/C=0.22 ; —_—
& wf x W;c=o.27 3 ,'l —— P HBEE
£ oL s W/C=0.35 ® o6y - — R
o W/C=0.60
510 20 50100 200 500 07 28 %
C OB 13 REAW/CEELMRMEENK B 14 REBELOMENEEYK

(Saeplass f1 Maage 1990) (Carrasquillo % 1981)

R BELNEE R BRERSERNLEN AL ERER. BT W/C K. NEXEE
KB B KL EBE L, B TFECRTHR 12 .

ERE BRI, WATREEIREE 1.0} ‘
THYSEE . Aitcin FAOKIKBERW, EEH < 4 2 R P ILLEE 2t

(HAitcin BB, 19%)
T GFRR ARG FRR G, & o6

NSC(W/C = 0. 45) f1 HPC(W/C=0.31 & & , 1 A
0. 25) Ky MR SR B R X A1 (E 1-5). ool o SMPa B (4CZ031)
2.3 HPC gy~ T
HFHPCH W/CEHK FALINEK 0 50 100 ﬁ_]tl‘;]f)‘)(d)ZOO 250 300 350
NSC BEE LMY . M8, B T HPC MHI8h B 1-5 BTy RAT AR M
W/ICBEURWKIEE/DNHERK 75 B K (Atcin %5 1994)

HPO) , i REBEFLMERY . MBWHEILA/NeTZRI TR G =L BRGNS,

ST, A2 HPC L NSC BEEKMFIEFE. AEFELANRET,.RPERERS
FHRE LKA RE MARMBEIHMYREESHK., WRAFSRES Lok, &
BHARELSEREIW/CHNT, TRERLAEZMBERMK. F—FE, 4Bk
2 HR KR K AR AT SERR SR I B | AN R K B A BRI @B LU T .

BT HPC 8 W/C Je# K, R E B KL EE R BE M KR FHE . HHTK
BRI, ZE ERRER. AL F MR SR EEE, HPC H NSC #4138 BEH
it B, HPC, JLEERE4 HPC §97KBE 4, 1d iR E 1L NSC i 28d SRR L. Rt
B 2R HPC TRKAR 2, X {18 HPC KIAFIPHMER K. H—FH @, B FHEH# HPC 8K %
BRI, EREEERPEETARASRAKMTHR. &6 LAiHE, 7L HPC t NSC BEH
AT

BALN, KBRS HPC SME R E L NSC £, RE BB AN T
HPC W RKIBAKAL . R, WRTEEBIIRHE , 37K HBERA HPC RE2Z TR/MEE, Bl
AT RR IR B P9, S R K SR M B ANK AL, MR E KA B WAAR D, Aitcin &

*3



(1994) HLETE/K P HRPIRFHRABRE R EZH, N 28d T IId(HLEB LN FEFHKE L), E
NSC 7£ 35MPa Hi} & 48 XF 58 B 3 4 (10. 1%) b 120MPaHPC # (8. 1%) B4 B . B Mindeaa
QIO BHEMHMHRENRREREZY HPC EEEKPRPHA LR BREMEK. 5
B 3R B BRI

WA, BRETHREREZAGHRERSH TERNEE R FEEZEF KM
HEERE, HRE ] RER X MM AR T 175 X4 I H R4k (De Larrard and Aitcin
1993), MEW, , ELEERFPREIHREMK . A X —2ENBELPKRESHKIL
T, EPARAUNE A KK AARE . AR AFEK DI LB, WRE TR E T8
— AL, RS MR, A KB ESRER., B4 HREETRZE S8 HHR K
(28d Y BH)wesirw B, RIEATKTEH . EUMNERERLIZLEREEN. NERAFHE
PLIRE LR B OB FAE .

3 RBBIKRFE R

B PAE, I R B H BRI R A A R HPC, ISR AR, AU FHE iR g+ 3k
BEE W TAEYE, T EES B I KIBERIE R BREEW, 2O BEREZ . BT
Bt , X1 O £ VR O 1 5 BE 4R 8 (Alitein %5 1994)

i Masobd fl Agarwal (1994)$8 i , B P E BB EE L A9 ERE AR, Rt A T
RB—EMIEE.FRARESREKANEEBRERRE. R, b T&REBARGLE
HRA KA, BT KBKAERENRWERNNBIX. HI, B 8832 B A KB
FHRRYBEERAEW ., TR, TR S BURK TR BRI — A B W7 B BB, T B
R BWARE—FRELPERARRE, AR —RBRELFRIAREN . RAEN T
T (Aitcin 5 1994),

3.1 EEIK IR KL B R

BB T, BRI A B & 1 KIS K W R R AR Bk 4k 2, (AT BE A B3k
TEMYERABREE . SRR ERIKBAKLE BTRER , — R BT ihat 1, =
= R bS58 KAk .

EEFBRET(REKREBEY 1%, BEBKARHERKA . WAERKLE HPC F, 4 5808
KFBEREE, LR AR E B BREL A R 3R R R B, FF 5 7K 4k B 6] 4 458
(ACI 212 Z R4 1989,Mindess 1994), #ERZRAH B RIMAER 1-6(Cook % 1992) & 1-7
(Burg and Ost 199 MR FHIZEF . B 1-6 RE 1-7 WIRELRAHRE 1-1 BFE1-2, HPFr
KBNS BRI KIBASTM 1 &,

& 11 1-6 P = FR 84 0B & EE (Cook % 1992)

REE T ARA 35MPa 90MPa 120MPa

K (kg/m®) 355 470+ 540"

KK H 0. 45 0. 31 0.25

BB R (1/m?) - 10.5 10.5

*BAEKE, & 7% ~8% HRER .
e 4 e



#*1-2 1-7 iR+ 198 &tk (Burg and Ost 1994)

RAHHS 1 2 3 4
K (kg/m?) 564 475 487 564
¥ (kg/m3) — 24 47 89
K * (kg/m3) - 59 _ _
KEH 0. 281 0. 287 0.291 0. 220
HHMAKF (1/m*) 11. 60 11. 60 11.22 20.11
* BEERBIK (CaO S & 25.85%).
50
N
- N - 0
6 40 ',, 50 |- /‘, ~ N
- 30f [ ool ) ! NN
£ ! ~ ! Y
B ool w00 E s
o 1 N U TN, : D
) I} — 35MPa B+ -l o Bal i
wh | B —— 9MPaEEL ok [ T E23 AN
F -+ 120MPa g -7 TR
.- ) -
A J . . _ 30 40 60 80 100 120 140
0 “ 8 2 %120 Ak EiE (h)
B3E] (h)-

A 1-6 1.0mX1.0m &Ed.OHRTF 1-7 1. 2m® r RS LA R T
(Cook %5 1992) (Burg 1 0st 1994)

B 1-6 KB 1-7 F0, Y8R0k 8 et , KA T dR A ] GR FHRGE R SR E SO R
T. B1-798 4 SESH#EEBKELT,2h
BAFREE. BT ERRBARGLEHRR
KRR AL, ATl B REOK | B R
£ AFHER KR K AL BT R K 42

B—H BB AR T IR ESE SR
7K AL 52 ¥ (Simard 4 1993, Swamy % 1994),
EREPRHNEERES, WHE 1-8(Swamy % 0
1994), B 1-8 tLIE R T m BE/KF R
KWAEA.
3.2 EREAFMERLIRENHEN

WMBTERR , 58 @A LB, BRI A BEREFTHREL W TEE, TEET
DAL B S T AR, WA 1-9(Cook 1989) . TERIEEMAKR HAKIBHABREZGT.EAE
HMBKFI T ERARERT 20% 2 L (AC1 212 1989),

BRI EL R IR R B AW 5 X KA B AL, EDFF R HER B SR I . BE
B, BAMRUKAE R AT HPC FERENF R . MERSE 2, i T i Kb e 15
B, mERREFIERR,

14 Legrand F1 Wirquin (1994) #2047 , 24 A skl 18 B B e, A #BUE R AT RE 1H

05.

5Bk A

15 rR s e mod kM

10

MK J/h/g)

1 1
20 30

B (h)
B 1-8 kR kiR BBk L R B R
(Swamy %8 1994)

L
10 40



FR . B ENZ EMKS, TRERBEMKURBEEAMBE. FHit, N THE
TR B L ROK T8 L, A — D R R B UK o

HBE. S . AERAR
XFRERKAHMREE TERBEZE 80}- - 173

MK A R BRI A 2eh B |
fa i HPC A X471 5& BEE B 558l NSC g
= Eé 60}
BJG S M IR OB X k2 3
SMINF B HERE , S K TR R B e R AL R 64 5 o
BX, LS K AT ENZRIYHEE 0.30 0.35 0.40 0.45 0.50 0.55 0.60
e LB T8 R 2 M H A TR I i, AR
EX—LRPRNERAGRS T, 4% —1 T B 19 REKBER FRREAR
T4 R B, 201 3R 7 B b R R P b A D L R XT38 1 B (Cook 1989)

WERAKUR . FR R BB X BB K MR A B, M FARBILR, &
ERGHIRI L E SN 15K BoK iR 2 (6 8 MBI

4 WHXEIfER

R R B £ 7K 8 7T LA ) BB 38 B ik 100MPa i HPC, (B4 FHRBNEE BB L.
X T 2 R E AT 100MPa RTREE L  EEM A AL E AT B B IR B L PRI EE T
FHELAT & L KB4 HHE B (Khayat #1 Aitcin 1993,Malhotra % 1994) . (F HEER)E, K KBERT
KAAFEPWARRAS WETARR 24, FRERERS, BEEREK.

BEHEF LR BZAB R ER KRR BN RERERS, EEREL P e
# K _E B A 4R F (Cohen 71 Olek 1989), BRI AL 7 B RTE R H s BUB & /KR .
4.1 BEMIKREADHER

B Khayat £l Aitcin(1993) 38 A B8 X /K L B v B B FEBT Ao 48 SR, B9 K B s Rk
WA S R FTE AT 3d WKL BEAR B AR bR, (B R & Bk bR FrRe 1%, 45 B K B
AR B3 . SR ,Smeplass fl Maage (1990) & B, 24 7K B b B i, BEM X Bk fh v iy B ol
e EKEHE.

REBBBE L MAKEHAEN EXTEALIEREELWERARK. ELBRE L PH
BERE, ZRRELARTAERES W F B RN B SIS 4 (Wang and Dilger 1994),
BEASTIEREERAZ EHILIRZ N EHRNBEEMAERGT,. S4/KRESELT
i, RERIREE L SOKEREMR BERA—-BHER, HAEERC R R RGEER.

EERESE T PUEI NN, AR AR ESEIMFIR RN, BV NREEE
AR T EREEA R IF LRGSR HPC, UMY RN EALREL ST
2SR B e, BG4 AN SR UK e YRR SN AR I B K E s R
B FI M3 A R B EH W, WA 1-10(Meland 1982), HIAEXIEE LY, MESRE
F I S 6 X B KK AL B DB SR 5 B BB R B RUK R RN RE R SR E R A0 5 1 5 R R K I
EEMRE L0 B K R e L AUK B IRE LM B E.

LR FH R, KRR 7K (e B SR N . AR 38 Wen (1989)F1 CEB-FIP(1988) 1 #R §»

. 6 .



MR BE T X R B R B L K AL B R LUK B IR B K . BB, 2 A Arrhenius 243

R BB EZ MH %R, R
B ELRE R S KRR L.
4.2 EE¥M HPC BENT

NHAERCBERBREEIHIER
. #itn, BF 934t 5% 9 (CEB-FIP1988), ¥ g
T %18 70MPa IR L,V HAUKIBE
BKEEH, 0. 355 T 20 8 95 A AR, KBS 1
" LL0. 50, _

HFEEREREEH, ETUERE
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