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Determination of Efficient Shoring System in RC Frame Structures
Considering Time-Dependent Behavior of Concrete
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Abstract

In this paper, systematic analyses for the shoring systems installed to support applied loads during construction are
performed on the basis of the numerical approach introduced in the previous study.Z) Structural behaviors require changes in
design variables such as types of shoring systems, shore stiffness and shore spacing. In this paper, the design variable are
analyzed and discussed. The time dependent deformations of concrete and construction sequences of frame structures are
also taken into account to minimize structural instability and to improve design of shoring system, because those effects
may increase axial forces delivered to shores. From many parametric studies, it can be recommended that the most
effective shoring system is 251R(two shores and one reshore).
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1.0D
0.83 D
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Slab load —— max (M ax or ‘A{r;ax)
M, (M or My) (1)
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*Step Level (1) ) 3) @) ) N ( N )
oM | oM | om [ om | om | om | M ] Mo
1 1 - - - - - - - - - - -
2 1 0.00 0.37 0.28 0.37 0.28 0.07 0.07 0.15 0.24 0.14 0.25
34 1 1.00 1.41 1.33 1.39 1.39 1.12 1.12 1.10 1.14 1.01 1.15
‘ 2 1.00 0.67 0.59 0.61 0.61 0.88 0.88 0.92 0.85 0.98 0.86
1 1.00 1.60 1.54 1.59 1.60 1.20 1.21 1.16 1.23 1.07 1.25
5 2 1.00 1.09 1.09 1.08 1.07 1.03 1.02 0.99 1.02 1.05 1.03
3 _ _ _ _ _ _ _ - _ _ _
1 1.33 1.78 1.75 1.73 1.83 1.52 1.54 1.44 1.43 1.21 1.30
6 2 1.34 1.19 1.16 1.29 1.19 1.27 1.32 1.25 1.17 1.14 1.12
3 0.33 0.06 0.05 0.12 0.08 0.20 0.14 0.34 0.39 0.61 0.60
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 0.96 1.03
7.8 2 1.50 1.67 1.63 1.78 1.65 1.55 1.60 1.48 1.43 1.29 1.28
3 0.50 0.37 0.33 0.35 0.22 0.45 0.40 0.53 0.57 0.74 0.71
1 1.34 1.21 1.18 1.21 1.18 1.31 1.31 1.33 1.29 1.41 1.52
9 2 1.83 1.95 1.94 1.93 2.09 1.88 1.93 1.82 1.76 1.64 1.60
3 0.83 0.87 0.85 0.89 0.70 0.80 0.75 0.87 0.95 1.07 1.09
4 _ _ _ _ _ _ _ _ _ - _
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 0.97 1.02
10 2 1.95 2.06 2.05 2.24 2.01 2.12 2.12 1.79 1.69 1.59 1.54
3 0.94 0.92 0.91 0.92 0.90 0.86 0.86 0.85 0.88 1.01 1.00
4 0.11 0.03 0.03 0.14 0.07 0.02 0.02 0.37 0.43 0.42 0.45
Note : *Step - construction step mentioned in Table 1: Level - floor slab:
(1) simplified method [(7): (2) refined method (9): (3) improved method [3]:
(4) this study (considering concrete age only and using wood studs):
(5) this study (considering aging, creep and shrinkage of concrete and using wood studs):
(+)M - positive moment: (-)M - negative moment: 8+5=2+5(D)
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24 1) (2) ] (3) (4) (5)
A2 (+)M ()M (+)M (M (+)M M (+)M )M (+)M )M
jl};j 1S1R 1.53 1.60 1.54 1.55 1.58 1.59 1.74 1.68 1.74 1.71
(60cm) 28 2.04 2.08 2.03 1.98 2.00 1.92 2.03 1.92 2.06 1.97
2S1R 1.88 1.88 1.86 1.81 1.82 1.76 1.69 1.64 1.72 1.69
38 2.24 2.27 2.21 2.08 2,11 1.96 1.99 1.92 2.05 2.02
2)A] (1) (2) (3) (4) (5)
Azd | (oM | OM (+)M OM | (HM | M (HOM | OM (+)M M
22] 1S1R 1.55 1.57 1.56 1.57 1.62 1.64 1.76 1.66 1.77 1.73
(100cm) 28 2.07 2.05 2.07 2.30 2.00 1.86 2.04 1.89 2.09 2.04
2S51R 1.90 1.86 1.91 1.85 1.81 1.72 1.67 1.60 1.74 1.75
38 2.28 2.23 2.28 2.20 2.04 1.86 1.99 1.85 2.12 2.10
Note : (1) considering concrete age only and using rigid studs:
(2) considering concrete age only and using steel studs;
(3) considering concrete age only and using wood studs:
(4) considering aging, creep and shrinkage of concrete and using wood studs:
(5) considering aging. creep and shrinkage of concrete and using steel studs:
(+)M - positive moment: (-)M - negative moment: d-5=A%(D)
E 4 siMz=doll W Hoi &ele stE(FEstE0| 1.6D¢ AHR)
2| A) 1) (2) (3) (4) (5)
Al =R (+)M (-)M (+)M (-)M (+)M (-)M (+)M (-)M (+)M (-)M
22 1S1R 1.78 1.89 1.78 1.82 1.86 1.89 2.04 1.96 2.05 2.00
(60cm) 28 2.30 2.36 2.30 2.24 2.26 2.16 2.32 2.20 2.33 2.25
2S51R 2.02 2.06 2.02 1.98 1.98 1.92 1.84 1.80 1.88 1.86
3S 2.42 2.46 2.39 2.23 2.26 2.09 2.19 2.09 2.21 2.20
A2 (1) (2) (3) (4) (5)
Ad (M | OM | (DM | OM | (DM | OM | (OM | OM | ($M | (M
22 1S1R 1.81 1.86 1.80 1.85 1.92 1.97 2.07 1.92 2.08 2.03
{100¢em) 28 2.34 2.33 2.34 2.31 2.26 2.10 2.35 2.15 2.37 2.30
2S51R 2.05 2.04 2.05 2.03 1.98 1.87 1.82 1.74 1.92 1.93
38 2.47 2.42 2.47 2.38 2.18 1.97 2.18 2.00 2.30 2.30
Note : (1) considering concrete age only and using rigid studs:
(2) considering concrete age only and using steel studs:
(3) considering concrete age only and using wood studs:
(4) considering aging, creep and shrinkage of concrete and using wood studs:
(5) considering aging, creep and shrinkage of concrete and using steel studs:
(4+)M - positive moment: (~)M - negative moment: 3% =2%(D)+AE€35+%(0.5D)
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212 (1) (2) (3) (4) (5)
Al Aver. Max Aver. Max Aver. Max Aver. Max Aver. Max
23 1S1R 0.91 1.00 0.77 1.05 0.71 1.09 1.10 1.60 1.17 1.53
(60cm) 28 1.82 2.00 1.54 2.11 1.43 2.17 1.51 2.15 1.61 2.05
281R 1.82 2.00 1.54 2.11 1.43 2.17 1.51 2.15 1.61 2.05
38 2,72 3.00 2.13 3.24 1.88 3.13 2.43 3.13 2.85 2.94
2] A} (1) (2) (3) (4) (5)
e Aver. Max Aver. Max Aver. Max Aver. Max Aver. Max
gij 1S1R 0.85 1.01 0.75 1.09 0.67 1.08 1.04 1.62 1.11 1.57
(100cm) 28 1.69 2.01 1.45 2.16 1.33 2.15 1.42 2.19 1.52 2.16
2S1R 1.69 2.01 1.45 2.16 1.33 2.15 1.42 2.19 1.52 2.16
38 2.53 3.01 1.97 3.21 1.68 2.91 2.12 3.13 2.43 3.16
Note : (1) considering concrete age only and using rigid studs:
(2) considering concrete age only and using steel studs:
(3) considering concrete age only and using wood studs:
(4) considering aging, creep and shrinkage of concrete and using wood studs:
(5) considering aging, creep and shrinkage of concrete and using steel studs:
(+)M - positive moment: ()M - negative moment: 3% =2}5(D)

E 6 siM=o| W2 o} vlASHS (ZHEstE0| 1.6D2) B9)

A (1) (2) (3) (4) (5)
A2 Aver. Max Aver. Max Aver. Max Aver. Max Aver. Max
;_12] 1S1R 1.36 1.50 1.16 1.58 1.07 1.63 1.48 2.06 1.57 2.06
(60cm) 28 227 | 263 | 193 | 264 | 178 | 271 | 1.8 | 271 | 201 | 263
2S1R 2.27 2.63 1.93 2.64 1.78 2.71 1.88 2.71 2.01 2.63
3S 3.18 3.50 2.47 3.78 2.18 3.64 2.76 3.67 3.22 3.70

2] 2] (1) (2) (3) 4) (5)
Al2=Hl Aver, Max Aver. Max Aver. Max Aver. Max Aver., Max
:—]}3 1S1R 1.27 1.51 1.09 1.62 1.00 1.61 1.39 2.16 1.49 2.10
(100cm) 28 011 | 251 | 182 | 270 | 1.66 | 269 | 177 | 2.92 | 1.90 | 2.70
251R 2.11 2.51 1.82 2.70 1.66 2.69 1.77 2.72 1.90 2.70
3S 2.95 3.51 2.28 3.73 1.94 3.37 2.42 3.65 2.78 3.68

Note : (1) considering concrete age only and using rigid studs;
(2) considering concrete age only and using steel studs:
(3) considering concrete age only and using wood studs;
(4) considering aging, creep and shrinkage of concrete and using wood studs:
(5) considering aging, creep and shrinkage of concrete and using steel studs:

(+)M - positive moment: ()M - negative moment; &5 =25(D)+AlF&3s3%(0.5D)
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Slab Loads
;(]xl (1) (2) z]x] (1) (2)
A8 (M| OM | (M | oM Al 2= (+)M )M (+)M ()M
H A H A
Az 1S1R 1.58 1.66 1.73 1.50 24 1S1R 1.62 1.72 1.74 1.81
(60cm) 2S 2.00 1.90 2.01 1.91 (100c¢m) 28 1.99 1.84 2.02 1.87
2S1R 1.81 1.73 1.67 1.48 2S1R 1.80 1.68 1.65 1.58
3s 2.10 1.97 1.97 2.00 38 2.03 1.87 1.97 1.91
Shore Loads
2 A n (2) A= (1) (2)
1A Al=w] Aver. Max Aver. Max )7 e Aver. Max Aver. Max
24 1S1R 0.70 1.08 1.09 1.60 7+ 1S1R 0.65 1.07 1.02 1.62
(60cm) 238 1.40 2.17 1.49 2.15 (100¢m) 28 1.30 2.14 1.40 2.18
2S1R 1.40 2.17 1.49 2.15 2S1R 1.30 2.14 1.40 2.18
38 1.86 3.10 2.42 3.12 338 1.65 2.87 2.10 3.11
Note : (1) considering concrete age only and using wood studs:
(2) considering aging, creep and shrinkage of concrete and using wood studs:
(+)M - positive moment: (-)M - negative moment: 315 =2%(D)
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At 2aE AYE 1@ 242 §F ¥ o =Y
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Slab Load

25

—o-Load=D, 1-Bay
Load=D, 3-Bay

—o— Load=D+0.5D, 1-Bay l 1.5

1 1 1

181R 2s 281R 3s
Shore System

(a) A 264 60cmgl &

Slab Load
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[ (+)M, Shore Spacing=60cm

—o—Load=D+0.5D, 1-Bay
—~o-Load=D, 1-Bay

Load=D, 3-Bay
2S 2S1R 3S
Shore System

3.0
[ (-)M, Shore Spacing=60cm |'|
—b— Load=D+0.5D, 1-Bay
—o-— Load=D, 1-Bay 25+
!_oad=D, 3-Bay

E‘\u

[ (M, Shore Spacing=60cm |
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0 \0/
15+ —o—Load=D+0.5D, 1-Bay |}
—o-—Load=D, 1-Bay
Load=D, 3-Bay
1 L 1 L 10 1 | (
1S1R 2S 2S1R 38 2S 2S1R 3S
Shore System Shore System

(b) B|A 2H{ 60cmel &#<?

Slab Load

3.0
[ (+)M, Shore Spacing=100cm n o [ (#)M, Shore Spacing=100cm §
\U
2-5 \D
/ \%'"TMQ\ \u
: o o 2.0 TN e
/ . ]
o
Y
1.5
—o— Load=D+0.5D, 1-Bay —o—Load=D+0.5D, 1-Bay
-o-- | oad=D, 1-Bay —o— Load=D, 1-Bay
Lpad=D, 3-Bay Load=D, 3-Bay
] 1 1 1 1 1 1
1S1R 28 281R 38 28 281R 38

Shore Svstem
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Shore System
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3.0
[ (M, Shore Spacing=100cm ||
25+
B .
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© e
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151 —n— Load=D+0.5D, 1-Bay
—e— Load=D, 1-Bay
Load=D, 3-Bay
10 1 ] 4 1
1S1R 28 2S1R 3s

Shore System
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