
!

!!

"

O�õ�

("

!

('

O�^"#1��

ijk

#

l0m

#

n$o

"

$

~®AÒ'( �=/03&Õ:;<56789

#

¼� ~®

!

",,$8"

&

!!

78

'

^_

')

!

'&

e@&f

')

!

'&

e@TekFlm

(

nopq

'

MN

'&

@�F('

#

')

!

'&

e@TFb

¥*?caË?ô('

#

ÊË�?

"

Ê°ËA�1]^¾"

#

þC�?OP('m¾"QR

#

ò�É%ekcòàek

1Î,

#

ö¨Äòàek��,Äòàek

%

')

3

'&

ó¦rsFC(e

(

!!

9:;

'

')

%

'&

%

e@&

%

��ek

%

òàek

!!

<=>?@

'

12333#0

!

#%"

!!

ABCDE

'

6

!!

AFG@

'

!$$$/4%$7

$

"$!!

&

!!/$,S!/$0

HIJK

'

¯°±

$

!%40

)&#

�

#

¼�T£�

#

~®AÒ'(

{���^_v

#

�����Txà34&àt^_

(

"

¡¢a£�

!!

')

·

*)

g uràF¯ñ

#

ó¦��F�

�ek

"

òÉ%ek

"

òTVekhòàek

*

!

+

#

ª«ô(ekrs

#

+z�ûek

"

4&ek²

Ú

#

b¡�)*é

#

4&ÔÕg)³´

#

ÖÔ,r

,

#

¤Ò{µ³±¶@·àtÿ©z\TñeF

#

<ööíDL©eF

(

3ßC&

#

b%Àcã�

T

$

'&

&

F ur¸

#

+¤zó¦�¹FòÉ%

"

òTV

"

òà

"

ò¹µek

*

"

+

#

ÖÔãº

#

%Ï{¼

ó

"

TLµ�T1¯gÿ|}w�[?@

(

2&âí

')

3

'&

e@

#

^_e@&f

')

!

'&

e@TZ%¥e

"

��ek

"

ò�É%e

kcòàekFlm

(

#

!

LM

#$#

!

N8O/0

')

#

ÝÞ

3""

#

5»A¼%&¦GA½HI

½¯

%

'&

#

ÝÞ

!30:

#

bz�-|!

$#30

#

~®

�.%&à*¦GHI½¯

%

V%¾

#

¿>!

!0$

#

z�-|!

$#%4

#

µ2À®%(¦GHI½

¯

%

V%W

#

ÁN<Â%&¦GHI½¯

%

Z%b

:KG:

#

¢�,�%&¦GHI½¯

%

�cab

16K'

#

¦O[Ã��%&J½¯

(

#$%

!

PMQR

�8xà_-h@�°p

!

ÁÚ

(

�

#

!

PMQRP>Ñ��

�

!

j

!

%

xàÄÞ

!

(

"

(

3

(

8

(

0

(

') !$$ S$ 0$ 3$ $

'& $ 3$ 0$ S$ !$$

V%¾

8 0#" , ,#4 4

V%W

0 3#0 "#0 !#0 $

XY7

$#0 $#30 $#"0 $#!0 $

êÉb

<96 ! $#S $#0 $#3 $

êÉb

)9 $ $#3 $#0 $#S !

Z%b

:KG: $ $#% !#0 "#! 3

�cab

16K' $ $#% !#0 "#! 3

#$&

!

Æ36ÇÈ

7

$

*

&

-/!,$

+ ¡�

#

¢�%Å�=��¦

GHI½¯

%

.*!$$1/)1&<

+@ª¨©Z%

�

#

ÚÂ�.�2AÒ

$

ÆÇ

&

¦GHI½¯

%

K/

S$$$*

+�.Êô�c

]1/&"$$$/6

+Z%�

#

g¬GV,ÆAÒÇ�¦GHI½¯

%

J-1/

"$$$&

+b¥*?�

#

ÈgAÒ¦GHI½¯

%

Z*&/,S$$

+òó�.Ý?ì

$

*J&

&#

µ2�.

¦GHI½¯

%

(J1d*'. 9*'"$8

+fÚòó

���

$

9*'

&#

Á¬òÉHI½¯

(

#$)

!

PS23

í

')

vTf� ¡�¢²¡

3

�l´Ü

(

SmíéÄkl

4$@

23

#

éÀSl

!??

#

í

'&

�0=¡lëq¾yzÜ

#

4è=¡F

')

#

�äñvTb¡1ê

"

-Ê¢¾qÝf��

#

íé

ÀS\}]ò#$

#

Î4éË¢à¦ò�Ì¿T

#

��4èV%¾

"

XY7

"

êÉb

<96

c

)9

"

�

cab

16K'

cZ%b

:KG:

#

Ëm4èV%W

#

!S,

¯°±µ

#

e@&f

')

!

'&

e@TekFlm



ÍÈ{Ï

,

�

#

b¡1êm®´Î+

!,A

(

b¡

T{¨©Z%�¢~áZ%

#

Z%¬!

!,$@

!

!$&GUF!

%$

(

#$1

!

_P>`

9*'

-L

'

V@

9*'

�¥�e@TF�(e

k

#

¥ � ¬  !

'

~ B B �

#

k Ä Ç �

!

!$

@

,

?+>

E!

#

Ä?

!

E%$

!

53$@

(

*J&

-L

'

Píe@T�ªf�O~g¯°

#

f°t~áW

±��

#

SmV@

*J&

fz°tÂN~á·¸

(

z\ijek1�ØC?¬¹ôõ~á¥�

(

%

!

4|6}~

%$#

!

QRÀ�6S&T"

e@&f

')

!

'&

e@Tb¥*?Flm°

Ù

!

ÁÚ

(

�Ù

!

øBÛ�

#

>

')

Fb¥*?r"

#

>

'&

Fb¥*?r'

#

b¥*?Ff�økÆ�

ÍäC-E¸1Fùú

#

¤Ò{b¡4&�?r

B6z

(

')

!

'&

e@TFb¥*?j�äñ>

Tßq

#

eMN

'&

@�('<¸°('

(

100/0 70/30 50/50 30/70 0/100
20

40

60

80

100

120

CR/CM并用比

门
尼
粘
度
[M
L
（1
+
4）
10
0 
℃
]

=

#

!

O�õ�

("

!

('

O�^QRÀ�1��

e@&f

')

!

'&

e@TZ%¥eFlm°

Ù

"

ÁÚ

(

�Ù

"

øBÛ�

#

e@TF

!

!$

OôDQR

#

<

!

%$

`%QR3ßCx

#

ïqÖ4qwäñvT

{e@Z%º£Fâ@®7�w¹Z%

(

Z%b

:KG:

Z%

'&

FÇ�rÏ

#

MN

'&

@�F(

'

#

�Í

!

%$

ÐA

%

!

!$

¸°ôD

#

øk·¶�MN,

*?F

'&

@�('

#

b¡ÔÕgv��('

#

�¿×y

!

!$

¸°ôD

#

+_Sk�no4&ÚÛ

e�p

(

100/0 70/30 50/50 30/70 0/100
130

140

150

160

170

180

190

200

CR/CM并用比

1 500

1 650

1 800

1 950

2 100

2 250

ｔ 1
0/
s

ｔ 9
0/
s

=

%

!

O�õ�

("

!

('

O�^S&T"1��

$

#27X

&

%$%

!

��"#

e@&f

')

!

'&

e@T��ekFlm°

p

"

ÁÚ

(

�

%

!

O�õ�

("

!

('

O�^��"#1��

j

!

%

xàÄÞ

!

(

"

(

3

(

8

(

0

(

&'

6

+X?

!

?

8, 0, ," ,4 S"

!$$=

aË?ô

!

&GU $#%$ !#"$ !#3$ !#S4 !#4%

3$$=

aË?ô

!

&GU !#,$ !#%$ !#4$ 3#"8 8#$"

ÊË�?

!

&GU !4#"% !!#0$ ,#04 S#$8 S#!3

Ê°ËA�

!

= SS3 0%4 8,! 8$3 3%S

Ê°|}`Â

!

= !$ !4 "0 3$ 30

þC�?

!$

L(

,

?

E!

&

"S "$ !4 "! ",

!$$@FS"A

�sBÉ%m

!

&'

6

+X?`%

!

?

50 58 53 58 58

!

ÊË�?`%�

!

= E"#4 E"#, 5"$#8 5$#S 58#0

!

Ê°ËA�`%�

!

= E%#0 E!"#4 E!S#4 E%#4 E8#!

!!

�p

"

øBÛ�

#

MN

'&

@�F('

#

')

!

'&

e@TF&'

6

+X?caË?ôO]^

('FQR

(

ï·¤!

'&

k�¦%('º£

F*?

#

MN

'&

@�F('

#

e@TFb¥*

?WÇ('

#

<Z%TFX?caË?ô1!Ñ

ÔÓô¸`ÂFkô

#

Ò·k�('ca§?c

º£*?

"

Î,-.qâ@ôFn]¤À1ky

aË?ô('

*

3

+

(

3

!

(

xàC&

#

MN

'&

@�F('

#

"

(

c

3

(

xàe@TFÊË�?cþC�?1qÝ¾

"

(

')

�S!@��e�T

#

z��e��·

¶n.#¾

#

MN

'&

@�]^('

#

n.ek

økm}r'lm

#

yz�?¾"

#

¥Õ·�

'&

@�!

0$

��

#

e@TFÊË�?cþC�?E

��Ë">

%

�

'&

@�DL('

#

e@TFÊ

Ë�?Q�Óa

#

þC�?O('QR

#

ï·¤!

"S,

�

!

T

!

&

!

ä

!!!!!!!!!!!!! !!

"$!!

-!

04

å



!

!!

"

>

'&

Z%Tó¦r'FþC�?

#

{

'&

@�

]^('F�»®

#

ÊË�?cþC�?]^Q

�>

'&

Z%TF|>

(

Ê°ËA�3µ³��ek¦�aFC´

e

#

îz·3ÊË�?§³C´

*

8

+

(

r'FÊË

�?lkÎ4�ª{ÊË`ÂÔÕg¸©[Ñ

#

lÆ¦r'FÊ°ËA�

(

')

¤¦@��e<

ó¦r'FÊË�?

#

�<ó¦r'FÊ°ËA

�

(

MN

')

@�F¾"

#

e@TFÊ°|}`

Â('

#

ï·¤!>

')

Z%T§es

#

Ê°|}

`Âr"

(

�

')

!

'&

e@&!

0$

!

0$

�

#

e@TÉ%

mFÊË�?cÊ°ËA�`%�Ë'

#

üqä

ñ�T{�e@&®FC(erf

#

Z%b-E

¸1

#

�<�Í{É%ÔÕgøkDLZ%

#

y�

?('

(

�

'&

@�r'�

#

e@TFÊË�?

1¦¸õÕ?('

#

òÉ%%ors

#

ï·¶�

'&

-.g¸w%&

#

!ÔcFBe�T

#

C&

')

ó¦ísFò�e

(

%$&

!

3*(

>`

¸õe@&F

')

!

'&

e@T

9*'

5¼°

Ù

3

ÁÚ

(

-80 -60 -40 -20 0 20 40

3

1

2

4

5

热
流

量

温度/℃

Ｏ

xàÄÞ

'

!

)

!

(

%

"

)

"

(

%

3

)

3

(

%

8

)

8

(

%

0

)

0

(

(

=

&

!

��O�õ1

("

!

('

O�^

3*(

�j

�Ù

3

øBÛ�

#

')

3

'&

1ó¦Õ�F

78%Ä?

$

$

Y

&#

')

F

$

Y

r

'&

ã

#

ï��¤

!äñ�TF-.n]¸õ

#

�Sõ!wb�T

#

BeC�

#

+

')

-.)gw¦%&Ã-

#

-.)

��es

#

¤Ò

$

Y

rã

(

'&

F78%9`Ç�

r

')

ÕÏ

#

9`ìÃÄ�

#

ï·¤!12

'&

F

ÀcãCf-.z�Ff�Bhb%¸1êe�

ÍzCf-.z�-®ÃÄrð

(

"

(

!

8

(

xàe@T1ó¦

"

å

$

Y

#

öj�

äñ>TxàF

$

Y

ßq

#

78%9`ÃÄhÕ

?¤äñ�Te@&F`%<¸õ

(

ïüq

')

!

'&

e@º£!<-C(º£

#

äùe@m

¦�aFC(e

#

äTqCé�Ee¦�aCé

â@

(

%$)

!

*+'

>`

')

!

'&

e@TF

*J&

Ø´°Ù

8

ÁÚ

(

�Ù

8

øBÛ�

#

')

!

'&

e@TF¯°t&r

ûs

#

1ê§7

#

I¦��qÝFäC-xét

#

ïpq

'&

c

')

FC(ers

(

+'

"$$$

g

%

')

!

'&

e@&!

3$

!

S$

(

=

)

!

("

!

('

O�^1

*+'

��

%$1

!

U>"#

¨Ä®

')

!

'&

e@TFòàek°Ù

0

Á

Ú

(

�Ù

0

øBÛ�

#

>

'&

Z%TFòàek

Ë�

#

º¿`%�cz�`%�1r"

%

<>

')

Z%TFòàekËf

#

MN

')

@�F¾"

#

')

!

'&

e@TFº¿`%�cz�`%�]^

¾"

#

òàekj�

')

Z%Tc

'&

Z%Tß

q

(

')

!

'&

e@T{¨Ä®p��rsFòà

ek

#

zº¿`%�cz�`%�1r"

#

1"

�

!$=

(

,Ä¬®

')

!

'&

e@TFòàek°Ù

,

ÁÚ

(

�Ù

,

øBÛ�

#

3¨ÄòàekC&

#

')

!

'&

e@TF,ÄòàekqÝ®Ê

(

Ä?

fòàekFlm��·Ä?f,-.�2ªF

â@

#

�ñâ@·y,-.�2ªFk�('

#

2

ªt¿9%

%

��ñâ@·Ä?k,

#

y,À�u

vº¿ÃÄ

#

4'w-.qF@¶sq

*

0

+

(

äñ

â@Fno1Æyàø�zí()iè}�T`

Ög

#

�Íòàek®Ê

(

&

!

4~

$

!

&

')

!

'&

e@TFb¥*?j�äñ>

3S,

¯°±µ

#

e@&f

')

!

'&

e@TekFlm



100/0 70/30 50/50 30/70 0/100
0

2

4

6

8

10

CR/CM并用比

体
积
变
化
率
/%

（a）

100/0 70/30 50/50 30/70 0/100
2

3

4

5

6

7

8

 
质
量
变
化
率
/%

CR/CM并用比

(b)

K)&%$3

(

ôõà

%

�8¬!

"8@FS"A

(

=

1

!

V�ß

("

!

('

O�^1U>"#

Tßq

#

eMN

'&

@�('<¸°('

#

e@

TF

!

!$

OôDQR

#

!

%$

`%QR3ßCx

(

$

"

&

MN

'&

@�F('

#

')

!

'&

e@TF

&'

6

+X?caË?ô1('

#

ÊË�?¾

"

#

þC�?OP¾"m('QR

#

ò�É%ek

Î,

(

$

3

&

9*'

-Lnopq

#

')

3

'&

¦�aC

(e

(

*J&

-Lnopq

#

')

c

'&

äC¾q

ÝC-x

#

C(e¹s

(

$

8

&

MN

'&

@�F('

#

')

!

'&

e@TF

òàekÎ,

#

z{¨Äc,Ä®Fòà`%Q

100/0 70/30 50/50 30/70 0/100
50

60

70

80

90

100

体
积

变
化

率
/%

CR/CM并用比

（a）

100/0 70/30 50/50 30/70 0/100
30

40

50

60

70

CR/CM并用比

质
量

变
化

率
/%

(b)

K)&%$3

(

ôõà

%

�8¬!

!$$@FS"A

(

=

2

!

!�¾Þß

("

!

('

O�^1U>"#

R�Í

#

+¨Äòàek���,Äòàek

(

©ªAB

'

*

!

+

:UOQPc I ;#JQUVRP?NOV

'

GPQ

^

XCRU_+N>NU>_'AQPOP

W

ON>N

#

)CXXNO'P?

W

PC>_+>

Y

GO+>D+

W

QNV

#

&URNO+UQVU>_1NDA>+

i

CNV

*

&

+

#">_N_#(NcaPOL

'

&UODNQ9NLLNO

#

!%%3

'

84#

*

"

+

¤×2

#

¥ñ�Tb%ÀcãFv½h)BÏ*

*

Z

+

#

���

T

#

"$$%

$

3

&'

8/4#

*

3

+

Ø�Ù

#

�F�T&�(

*

&

+

#

#$

'

g¬ß%�/�

#

"$$8

'

8%$#

*

8

+

�ÚÛ

#

ÜõÝ

#

�F�Txà��

*

&

+

#

#$

'

%(&ä�

/�

#

"$$!

'

%4#

*

0

+

Þßà

#

,-.��

*

&

+

#

¢�

'

\ú'(�/�

#

!%%$

'

""0#

«¬®

'

"$!$/$S/!3

+HHAE=GCHQSA?F8?

I

">=8CC?.@C

B

A@=8AGCH("

!

('QSA?FG

4&H()

*

0R1/

#

4:&4()0

*

17

#

L:'-./)0R(2)

*

$

2+>

Y

_UPe>+bNOV+R

^

P\*D+N>DNU>_1NDA>PQP

Ŷ
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