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Feasibility of Embedding Downspouts into Perimeter Reinforced
Concrete Columns

YE Jian-jun, LIU Jia-le, ZHANG Jun-zheng, CHEN Fei, XU Wei-sheng
(School of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430000, China)

[ Abstract] Under the guidance of the full life cycle design concept, a scheme of moving the existing downspout pipe scheme to the
reinforced concrete peripheral column was proposed. The main feature of this scheme is that the downspouts are pre-embedded into the
surrounding columns and used for roof drainage during the building’s service life. At the end of the building’s lifespan, the downspouts
were used to remove blast holes. To demonstrate the feasibility of this scheme, first of all, it was verified that the material and diameter
of the embedded downspout could simultaneously meet the drainage function and the function of removing the blast hole. Secondly, by
drawing on the axial embedded hole blasting technology of reinforced concrete beams and using the new type of blasting equipment, the
long bag for loading explosives, the feasibility of using downspouts for blasting demolition was demonstrated from both the charge struc-
ture and the blasting operation aspects. Finally, the finite element analysis software ABAQUS was used to analyze the stress distribution
and stress-strain laws when two types of cross-sectional peripheral columns were placed in four downspouts with different diameters. The
analysis results show that when the hollow rate is small, the embedded pipe has little influence on the specimens. In order to avoid sig-
nificant impact on the peripheral columns, the hollow rate of the specimens should not be greater than 2% . In combination with the re-
quirements of blasting demolition, the hollow ratio should not be less than 0. 18% either. Subsequently, it was pointed out that the re-
lay service duration of pipes and concrete holes is sufficient to reach the building’s life cycle. Finally, it is clarified that after the down-
spout is built in, it can also enhance the aesthetic appeal of the building and avoid the safety risk of thieves climbing along the down-
spout. Therefore, it is feasible to insert reinforced concrete peripheral columns into the downspout pipe.

[ Keywords | perimeter columns; downspouts; pre-embedded axial blast holes; finite element analysis; feasibility analysis
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Fig. 1 Layout of embedded pipe of downspout on flat/sloping roof
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Fig.2  Schematic diagram of downspouts embedded in

perimeter columns for buildings with flat/sloping roof
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Table 1 Standards and specifications of cast iron pipes

B BEE/mm B/ (kgem ') MR/ (mdh )
DN50 3.6 3.06 1.9
DN75 3.7 5.18 4.4
DN100 4.0 6.68 11.2

F2 PVCEXEREEERTHERRE
Table 2 Standard diameter size specifications and

discharge capacity of PVC downspouts

EfR/mm  BEE/mm  JFR/(kgom™!) M/ (m*-h ")

50 2.5 0.50 2.1
65 2.7 0.76 3.6
75 2.8 0.85 4.2
90 3.2 1.22 7.4
110 3.6 1.45 12.3

WET PVC YRS MR A PRBRIEFLZ T AT, 5 8L
Pl AN B 725 BE AR T, A R JEE A ) S A T A
TR, e KB BTG,
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Table 3 Suitable unit explosive consumption of reinforced concrete members with different cross-sectional sizes and

maximum charge amount for pre-embedded pipes with different diameters

KA/ (kgom ™)

) @32 mm @38 mm @50 mm D60 mm @70 mm @90 mm iEH AL
Wid R /mm xmm . - . = . - . - . - . 5
AAKEZ A AKEZ AAKEZ AAKEZ AAKEL AAKEZ (kg-m~3)
B2 40 50 mm B 65 mm E41%£ 75 mm B2 110 mm
2 000 x2 000 0.25 0.34 0.50 0.81 1.00 1.75 1.5 it
1 600 x 1 600 0.39 0.53 0.78 1.26 1.56 2.73 1.4 4[26]
1 500 x1 200 0.56 0.76 1.11 1.80 2.22 3.89 1.2
1 000 x 700 1.42 1.94 2.85 4.63 5.71 10.00 1.0 225 3k
800 x 700 1.78 2.25 3.57 5.78 7.14 12.50 0.8 [28]
600 x 400 4.17 5.67 8.33 13.50 16.67 29.16 0.5
= BN
500 x400 5.00 6.80 10.00 16.20 20.00 35.00 0.5 (247 [27]
300 x 300 11.11 15.11 22.22 36.22 44.44 71.77 0.4 X

RIS AR R R 2 R 2% BRI R R R 2 LRI/ 0.03% ~0.18%
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Fig. 3 Layout of charging structure
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Table 4 Specifications for concrete material

TREE TR SR, VORGSR, PRRE,  ibEsE/
JiE A4 a MPa MPa MPa
€30 0.2 20.1 2.50 30 000

x5 IWAHMPIEREEIR

Table 5 Specifications for reinforcement materials

B M EA,  EERGREE, SRR/ "
mm MPa MPa
28 335 20 000 0.3
N 25 335 20 000 0.3
HRB335 20 335 20 000 0.3
18 335 20 000 0.3
i A3 10 335 20 000 0.3
HRB335 8 335 20 000 0.3

F Yy 7&ER 1439k 5 655 kN F1 15 383 kN, B
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Fig. 4 Diagram of specimen sizes and reinforcement design
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Fig. 5 Specimen model and load distribution
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Fig. 6  Stress contours of specimens with cross-sectional dimensions of 600 mm X400 mm under axial and eccentric compression
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