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Abstract Recently, new open-cut modular construction method, which is built within a 5~7m depth below the road,
was proposed for the near-surface transit system to ensure the economic feasibility of underground structures. In this
paper, the precast modular construction method was developed for the low-cost and rapid construction of underground
structures. For the experiment on the flexural performance of the modular slab connections, a total of eleven
specimens were fabricated according to the test variables; section shape, joint type, lap length, and transverse
reinforcement. The test results were compared with those of the specimens without loop joints. To verify the
performance of the slab connections, the 4-point loading tests of precast RC members with loop joints were
conducted. As a result of the test, the flexural performance of the half-depth specimens with a 200mm lap length
of loop joints were confirmed to be similar to those of the specimens without joints.
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Fig. 1. Schematic of Test
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(c) 2™ casting concrete

(d) Non-shrink grout
Fig. 2. Method for preparing specimens



Table 1. Test Variables of Specimens

No Name of Section Joint Shape effective depth Lap Length Lateral
’ Specimens Shape (Top/Bottom) (mm) (mm) Reinforcement
1 HJ+0 Half-depth (Continuous/Continuous) 420 - -
2 HJ-1 Half-depth (Continuous/Discontinuous) 80 - -
3 HI+1 Half-depth Loop Joint 420 150 H16-2EA
4 HI+2 Half-depth Loop Joint 420 200 HI16-2EA
5 HJ+2* Half-depth Loop Joint 420 200 H16-4EA
6 HI+3 Half-depth Loop Joint 420 250 H16-2EA
7 FJ+0 Full-depth (Continuous/Continuous) 420 - -
8 Fl+1 Full-depth Loop Joint 420 150 H16-2EA
9 FJ+2 Full-depth Loop Joint 420 200 H16-2EA
10 FJ+2* Full-depth Loop Joint 420 200 H16-4EA
11 FJ+3 Full-depth Loop Joint 420 250 H16-2EA
AlSIHA
2.4 HEds PLANE VIEW
B = - . HJ+1, HU+2, H+2%, HJ+3, FJ+1, FJ+2, FJ+2+, FJ+3
APWFE Table 13 2] @l 4, o] &4 I, e g
Holg ol ¥ P wAATES waAle vy & = g
P 2
Abol] whe} Aehd ) dighE Ad A2 LRtk A 50/ 4@200=800 3@700=2100 4@200=800 |50
- w T SECTION VIEW 150,200,250 600
Al Az AEH A= Fig. 33 o o] 5ol HOH, HI+2, H+2, HJ+3 50 50 2
= 71E AFAHIH0, FIH0)eh Hlaste] Fxol g g ’ g a
£ 7k AgAY F2d%s AEsh FU+1, FJ+2, F+2+, F+3 2 =
AAHe Mgy e flal FUF APwsE sk = £
Hiro] WAy AHAEAIR A& Ry A g”
(HI-1)9] 845 ALY 2ol -2 AL (a) Specimens with loop joint
A% B AFHEZ g8 o] =u}sk Lo
[ehrzs AFsdne] 9% wEel HI3@200 DLANE VIEW
42e FY AHgstn A% Bt golshes g
HIO-12EA Aehao® dangsilch dgvd v g g
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el = o =2 O —
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Table 2. Sensor Specifications

Sensor size(mm) Base size(mm)
Model R.(Q)
length width length width
FLA-5-11-5L 5 1.5 10 3 120
PL-60-11-5L 60 1 75 8 120

461

Fig. 3. Detail drawings for specimens
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(b) Specimens without loop joint
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Table 3. Test Strengths of Specimens
Theoretic Self 0.2mm SRPT Maximum Yielding Test .
No. SN ngneorfs Strength Weight M, |Cracking Load YlelfghrzﬁNI;oad Load Strength Strength (I\lZa/t&;l))
P M,(kN'm) | (KN'm) Py(KN) v PukN) Mp(kN'm) | M~Ma+My /Mo
1 HI+0 63.290 8.438 188 197 204.9 78.8 87.238 137.8%
2 HI-1 11.597 8.438 23 28 28.4 11.2 19.638 169.3%
3 HI+1 63.290 8.438 63 178 227.8 712 79.638 125.8%
4 HI+2 63.290 8.438 68 194 206.4 77.6 86.038 135.9%
5 H}+2" 63.290 8.438 98 195 207.0 78.0 86.438 136.6%
6 HI+3 63.290 8.438 98 196 207.1 78.4 86.838 137.2%
7 FJ+0 63.290 8.438 182 214 2153 85.6 94.038 148.6%
8 FJ+1 63.290 8.438 35 153 208.1 612 69.638 110.0%
9 FJ+2 63.290 8.438 38 169 211.3 67.6 76.038 120.1%
10 FI+2" 63.290 8.438 63 170 212.6 68.0 76.438 120.8%
11 FJ+3 63.290 8.438 41 175 203.9 70.0 78.438 123.9%
Table 4. Displacements of Specimens
Disp. HI+0 HJ-1 HI+1 HH2 HI+2" HH3 FJ+0 FI+1 FI+2 FI+2" FI+3
Se(mm) 2.04 0.22 0.48 0.28 0.83 1.18 0.89 0.36 0.59 0.84 0.60
&y(mm) 2.18 0.32 4.82 3.92 5.14 4.12 1.06 2.80 4.28 4.51 423
Su(mm) 5.38 0.36 14.20 7.48 10.84 9.24 422 9.46 11.06 13.72 10.06
Su/Ser 2.64 1.64 29.58 26.71 13.06 7.83 4.74 26.28 18.75 16.33 16.77
Su/by 2.47 1.13 2.95 1.91 2.11 2.24 3.98 3.38 2.58 3.04 2.38
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200 ,p‘.‘ T 200 e e
! /W v el
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- if
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2 0 2 4 6 8 10 12 14 16 2 0 2 4 6 8 10 12 14 16
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(a) Specimens without loop joint (b) Specimens with loop joint (Lap Length 150mm)
—HJ+2 o HIH2Y - FJ42 - - FJ42* HJ+3 --FJ+3
250 250
200 Y o el 200 |
{.&‘.-1 g
=150 ) =150
3 3
S 100 = S 100
50 50
0 ‘ 0
-2 0 2 4 6 8 10 12 14 16 -2 0 2 4 6 8 10 12 14 16
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(c) Specimens with loop joint (Lap Length 200mm)
Fig. 7. Load-displacement curves of specimens

(d) Specimens with loop joint (Lap Length 250mm)
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Fig. 8. Load-strain curves of steel bars
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Fig. 9. Cracks of specimens without loop joint
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Fig. 10. Cracks of specimens with loop joint
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