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Abstract

The effects of external restraint on the thermal stresses in mass concrete are
investigated through a series of parametric study. Two major factors affecting the degree
of external restraint such as the ratio of length to height of the placed structure (L/H)
and the elastic modulus of base structure (E,) are employed as the parameters in a
condition which a placing height H is 1.0m. Various conditions of L/H and E, are
analysed by a FEM program and the relationship between these two parameters is
examined. _

The shape of stress distribution due to the external restraint is shown as linearity on
the height direction of the section, and is influenced by L/H. E, and strength
development of placed concrete.

The external restraint can be devided by two part. One is an axial restraint and the
other is a flexural restraint. When the level of external restraint is low. the structure
behavior is mainly governed by flexural restraint, otherwise it is dependent on axial
restraint. Comparing the calculated stress by the method of the ACI 207 committee with
a finite element analysis, the former overestimates the external restraint stress when
i the degree of external restraint is weak. and underestimates when it is strong.

Keyword : mass concrete, thermal stress, external restraint. elastic modulus, L/H,
heat of hydration
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Table 1T Model case

E
Parameter :
atamerer 500 | 10.000 | 50.000 | 300.000
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Table 2 Thermal cracking mode

Parameter elastic modulus Er(kg/cm?2)
500 10,000 | 50,000 |300.000
2 I | T |
4 1 [ 1 I
L/H g I I 1 I
10 I | il I

Table 3 Characteristics of thermal cracking mode

cracking mode cracking cracking
location time
(1) scattering at 1~3 day
surface
() surface or 8~15 day
center
(1) center since 15 day

4. ACI 2079/ &5'Holl chst HE
4.1 ACI 2079128l

ACIH A& A(2)dAMe 4TtE HuLE
R Asbshs ARG ZohE £ 2
St A, o S4E Aol
o] ohet #al el e
o uhebd & AR rn
dam gl LHQJ BFLE 2eted TmE

Alxbsbrl el =

et
AT, =—(2ATIHIX +AT\) (4)
3714 4T, : FANe HnLx

4T, @ FAFS 2%

359 Ay do of
= 01%6}04 Akt

120

Fig. 128 294 ACIHAAE gl g +
S aeshA GAT 1 A FUY TEES ¥
ooz thEA Bl WAe Bal AL
3 PHYOR Jelstn i AL &+ Aok

g @149 B, % ad Tme| @8 gol
WA e Sase ey @ 44
R4S olgstel A4kaielth

M(t) = 3.(AT + 10)Ar (5)

0,(1) = 487log,, (24M(1)) - 1300(M < 1000) ()

0, (1) = 24410g,,(24M(1)) - 570(M >1000)  (7)

E.(1)=15,300/c (1) (8)

714 M(t) -t oA 9] A2
AT : tARs} 1 AP e Lxat
t e 2 A e A)zEA}
E.(t) : tA%o] ot Zaz|Ee] e Al

w5, A AMEg R TEE Re L/HS 7
ZE FEH9 Fo| HE 7] Wid Fig. 28 ¥
TFalA AMEStd o ACT L3Rl M ukg)

1T ¢ B \
B 1
-‘. ‘ \
8T . . i
; “, \ l‘
< [
£ 64 Ty
= E W |
5 U
e . \
44+ ORI
—— = ““
2T |e—-1m=6
omanmne [/H =10
0 } } } i

-2 0 2 4 6

external restraint

Fig. 12 External restraint calculated by ACI 207

Committee

232|E38|=2% N 8 A 5% 1996. 10



of 8483 ZaE 4 ’IL"“O}J’ e FA4 9
HolFEGHA AE 254,82 Ttk Ho gl
o] 71 @& AREERla, Al M @Al
SI(E/E el wheh @eb]7] wiiel Al g 2
H TAds g AR k. 7t AEEeE ME
Adsted 285 & Aatataleh

4.2 2 sfMZntetel v|W 3 I}

2)elMel A t= BN FEle} Heo] of

\4e+ FEEe) WELET HRewd Eeay

Golx|7] Alakahiz AlYEIS AR B a4

Aol AN E B o n 27148 443
sieh

HA, R EHo) o Fer FHEE LiEs

LoEol tisiA] vt E 849 Fig. 132} gl
Fig. 13& f*aros_aﬂw WREEA HDe
Foll Bl 259 Ao Tustde u) Rt

Sekoll o3t & & ofv] Fago B F&ol w
& ¥l vEh EWSE FE e, 12la vt
e 1S HE vehinr)l #5e] d¥em

g T
9 |
~ !
> 6
\Q
C\D ‘
22 3
w
(2]
[+5]
b=l 0
12}
-3

(a)L,E,

elapsed time after peak(dayv)

stress{kg/cm?)

(b)L.E,
elapsed time after peak(day)

Fig. 13 Comparison of this calculated value and
ACI| 207 committee for L,E, and L,E,

232 EXNE=EE M 8 A 5% 1996. 10

W4 go) Walsh: pue uehith 20y
ACIHA A SE48H4] $EE o)y ison 3
7Fsha 9l7] wel £713E 08 e} ex
st ol A dudd] PN AReHde
dehlE SHUgAe Btk mE A ANE W)
@) MW ACTHe) o)% AN 2 A
o84 2 gow Brhsla A

EF, SREGe] BE APR BHuE LEM

el A AL o w)askd Fig, 149 :_H;}

£
2
ob
]
wn
2]
bt
A -
“ 1088 A Hottom == ACTHaten
@ Contes - Center
BBy 0t ANt
-20 . ; R
0 10 2 0

elapsed time after peak(day)

Fig. 14 Comparison of this calculated value and
ACI 207 committee for L.E,

Fig. 148 B9 £ Mgz 27)de 3
B B T PO ARTho] 4§}
! 534S 1}
Bl An el Bk AF g Aud 45

ojH o] 2 E3t] A=}

= <
AYLHES EhlE SHYHNE el ey
ACTEAME %ol et 74287 gsle

o, M ARE nas) B ACIHE o8k A4t
T E AN AEc 89 12 g s Hrlslha ¢l
& skt

oj¢t & A& ) ¥ o R FELHE &
ERAARE NFoz dA Brkshe fﬂL A 7k
glom wa gldxolE 1 OmE xﬂzswq?z] H] 5 &k
Astol7] Wil YEH RS =ahy] of A 9
of #Agle] Pud THE FAlT

Borgeol 97 o
st} Ao gl F P

2.
TE AR thgted FHS FE2 Hrista gl
= ACI 20788 AHESY A7) Y= HoeZ 1’}
BEv}
121



[&)

2 B

AeliMz vjagaciee Ry&re] &
dE7] ¢t 13 etdEel7t 1.0m<l 3
WY 22 parameter study® AAlste] 7
e Y AgRFEEe] AxEge] Ry}
3} 5 ZF Q1o Wl E eJR LR &
t 2 AsE ACI 207%oNA & A8k
AR R 5 —"-E*J—} Hlu—o}“‘?}

rE ruE

3% o o & Ho ox

okt
o

ot |o
2 ¥

Hr
i
A
2
2o
v
rh
mlo
oX
_Y‘i
r o
o)
7“
i)
m =
Lo

'
~
u
N
—_

s B A
}83o| o g F7hetol
el R, A
L/} St e

3 A AE

£

9‘L

B

r

W oro
2

-

o

rO

s
Lo

U 2 ool ome > 2 o mlo rh:
ol
Hﬂ
Ol

~
i

H Ay o o
i
"o
ol

1 >
BT

H o oz
{‘; I

) [-IF

©
a
-

ok
oft

datt Ae %}am.
3) ARTae e ALY S
ge2 HHol A5, shiTas)
Aufets P4 4 &

w Aol G NES BEeE 225
EBHegolg 2N 33 AwE Eeiulols 84
2 FAsY] Wl 2F AATtel BEAF B
oz Qe ARTEES) FREAAE o2 2
shaAT 1 Auaele el £7h giglew, 3.

% TES 7ted Fog Al
H, FF o] BEol o F7HATE AlE W)
]

122

10.

11.

CARKEE, RFER,

. Ak,

. Fujiwara, Y. and S. Hibino,

S ANEL olR3, AYE, Y, FRa4YS
olg¢ MAZAYE T8 & ¥ %E%Pﬁ’

. ZAUEZEAA,

= U

ret

“wxa vy Y-k OAHIBIC L
AENROHIEXHBYE LTS, 22 Uu-+t
BEMOOUBNCET 5 v v FY v ABFERE
%, BK=2 20—+ TE8HE 1977. 3. pp.
113-118

. Concrete Practice of Manual ACI 207.2R-

73, “Effect of Restraint, Volume Change,
Reinforcement on Cracking of Massive
Concrete”, ACI Committee 207

"2y - g AOREENEN . K
AL Vol. 22, No.9 . 19804, pp. 26-32.

L AI Y - DREENHRELSGRES,

AR RE O E & £ AU B R EEE 1t
BHEORE . 1985¢E118. pp. 47-93
AINHEE, SHoF, B8R, Aimsaa),

7 Y- b OFRHEIC R s R EARBE L
#. No. 460/V-18, 19934 2K, pp. 13-22
FNHER, RIMIER], PRI, MBREE "~ARa v
7 Y-+ OHERE 4 H = X A RFTL/HOH
Boav s V- TRERRIHEE, 12-1,
1990, pp. 851-856

e -

“Evaluation of
dynamic properties of rock foundation by
cyclic loading test”, Proceeding of the
International Symposium on Weak Rock,
Vol. 2, 1981, pp. 1229-1234

aafell gk A, 22 ESFH A, Vol. 7,
4, 1995. 8. pp. 137-148

AR,

198813 124.
pp. 598-600

AN E, NETE, "TA Iy o V- S ORE
VO bR EEDOFE BT AR, TRE
EisCH#, No. 378/V-6, 19874 2R, pp. 61-
70

WG, AR, BIEE, NAREIL, ~Aay

7 V- ORFHHRERCIT 2 EE, v 4 v MY
firEqk Vol. 34, 1980, pp. 230-234
(Mt - 1996. 4. 19)

3 EHE = 2X A 8 A 5% 1996. 10



