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Structural Behavior of RC Roof Slab under Cyclic Temperature Load
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Abstract

A variation of temperature acting on a RC roof slab causes a change of stress in concrete since it expands during
summer and is compressed during winter. This behavior repeats annually and makes an affection to the structural capacity
of member for both serviceability and ultimate level. In this paper, a cyclic temperature loading variation is calculated by
analyzing the weather data of Korea for 20 years. In addition, an experimental work is planned to find the long term
effect of temperature variation. Six RC slab are made with same dimension. Test parameters are loading duration (10, 20,

30 year) and whether it has pre—damage or not.

Observation of stiffness variations according to cyclic loading period shows that the serious stiffness drop happens
after 10 year's cyclic loading at summer while after 30 year's loading at winter. From the fracture test about slabs
damaged by long term cyclic loading, however, the capacity of member such as initial stiffness and maximum strength
were not changed except yield strength according to the period of long term cyclic loading. The yield strength tends to

decrease after 20 year's cyclic loading.

Keywords : Temperature, RC roof slab, Structural capacity, Cyclic temperature model, Cyclic loading, Fracture test
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Fig. 1 Stress due to temperature change

N Axial force g,

Qow FrEe] Al LESHS LT 4
sl SlEelo] Whgela, L7} ek 4ol Q1%
2o] WARI) Fig, 1& A% 5315717 4 ahd (84l
%313, 2007) ol AJai Qi LEMslel olg 1

A9 s1FaIE e Zlolct,
o] w, 2o Aghe (V)7 HEHE (M)
=AW 2@ = AXkr,

N, =EAaAT D
EFIaAT
MT:% 2

71N, A RAA, o MBIAT, AT, BTN
3, AT, 2EFHIAL ¢ FAEA

3. sk AA T2

3.1 SEH3lol| JaS F+= 29l

3.1.1 7%

7IRET} el nA = FE ST B
438, A WA FAl A3l ddste] gk
S 7] ulito] AlZbAst| upe} fdAFo] AXA Hi=
Zolt), weh 2 Ao s A5 FAEA(AME,

[e]
=,
A, O, AL 2%, FA)E il 200cke] AL
44 BT LEE Fig, 29 2o] A9 A%}, AuHFe
M RS OTAGS RS Sk

68 TrEaveEA A4 252010 3)

20 | -
19 | @ High temp.
o | . ' E Low temp
_10 b {

EZ2H ME O ZE o i
Fig. 2 Average local highest/lowest temperature in Korea

Table 1 Indoor temperature (Japan)

Season Month Indore temperature

Winter 12,1, 2, 3 22T

Summer 6,7 8,9 26T
Spring and fall 4, 5,10, 11 24C
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Fig. 3 Outside temperature variation due to sunlight
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Fig. 4 Annual outside temperature history in Daegu
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Fig. 6 Temperature(moment) variation for a year
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Table 2 Specimen list

Name Size Loading duration Remark
(mm) (year)
Y-0 0 Monotonic loading
Y-10 10 -
1000X600X150
Y-20 20 -
Y-30 30 _
1400
200, 1000 200,
- m -
010 @200

ins a - :J'::':
j - ] \p10 ea0o
D10 @300 $35 PVC pipe Slab Section

Top bar Bottom bar
D10@200 D10@200
VS I
A4 A5 A6 B4 B-5 B8
AT A8 -9 B-7 B-8 B9
T {
D10 @300 D10 @300

A, B: Strain gauge
Fig. 7 Detail of specimen
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Fig. 9 Loading history during a year
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Table 3 Calculated temperature load(w/o insulator, Daegu)

Temperature . Temperature
) . Bending moment .
Day Loading ‘le;tvlo)n (kN-m) L(';;Idm‘;g
step g m,
Night Day Night Day Night Day

108 1 14.5 -8.0 3.26 | —1.80 14.5 -8.0
115 2 11.0| =175 248 | =3.94 11.0| -175
142 3 75| —26.5 1.69 | —5.96 75| —26.5
169 4 40| —37.5 090 | —8.44 40| —37.5
196 5 20| —445 0.45 |-10.00 2.0 | —44.5
223 6 45| —36.0 1.01 | -8.10 45| —36.0
250 7 9.0 | —24.0 2.03 | —5.40 9.0 | —24.0
277 8 15.0 | —-125 3.38 | —2.81 15.0 | —-125
284 9 20.0 -1.5 450 | —0.34 20.0 | -15
311 10 25.5 8.0 5.74 1.80 25.5 8.0
338 11 29.5 17.5 6.64 3.94 29.5 17.5
365 12 33.4 18.0 7.52 4.05 334 18.0
27 13 27.0 12.5 6.08 2.81 27.0 125
54 14 23.5 7.0 5.29 1.58 23.5 7.0
81 15 19.0 1.5 4.28 0.34 19.0 1.5
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Table 4 Stiffness variation

Summer Winter
Year Dis. Load K Dis. Load K
(mm) &kN) | &N/mm) | (mm) kN) | (kKN/mm)
1 1.18 40 34.00 | -0.65 -30 45.92

10 1.68 40 2382 | —0.74 =30 40.77

20 1.77 40 22.63 | —0.70 =30 43.10

30 1.85 40 21.58 —0.95 =30 31.58

# Stiffness=Load/Dis.

Load (kN)

Displace ment (mm)

Fig. 12 Stiffness variation of Y—30 specimen
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Fig. 15 Load—displacement curve of specimens

Table 5 Structural capacity of specimens

Y-0 Y-10 Y-20 Y-30

Initial crack ) 32.0KN (—4.%)%0712@ (—4.é€y307l.e5kN> (—4.1(1)32(:71%1{1\1)
P,&N)" | 7550 64.04 68.29 66.00
Aymm)? | 1657 6.73 22.91 16.36
P,N)? 94.90 83.32 85.81 82.89
Amm? | 52.04 31.10 45.89 52.52
u” 3.14 4.62 2.00 3.21
Ratio 1.00 0.83 2.35 1.82

VP, : Yield load, ¥ Ay : Yield displacement, * P, : Maximum load,
YA, © Displacement at maximum load, * 1, : AJA,
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