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Abstract

The objectives of this research work are to study the behaviors and modes of failure of reinforced

concrete columns using asbestos cement pipes as permanent formwork and to compare the test results

with a modified EIT's design equation. The test specimens with diameters of 0.15 and 0.20 m, height of

0.75, 2.30 and 2.80 m, and steel reinforcements of 1.5, 2.0, 2.15, 2.64, 3.53 and 3.84% of the column's

cross sectional area were used. The total of 46 specimens was tested under axial compression with

pinned-pinned supports. From the test, it was found that the columns exhibited a linear behavior up to

approximately 80 to 90% of the ultimate compressive loads. Then, the behavior of columns was nonlinear

and the longitudinal cracks at both ends of the columns started to increase drastically. All of the

columns were failed by the yielding of the steel reinforcement and the crushing of the asbestos cement

pipe and concrete at the end of the columns. In addition, the column's strength increased as the steel

reinforcement increased and decreased as the slenderness ratio increased. Finally, the factors of safety

between the test results and the modified EIT's design equation were obtained in the range of 3.20 to

4.48.
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Figure 1. Example of reinforced concrete

columns having asbestos cement

pipe as permanent formwork
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∂Ÿ° ‡π◊ËÕß®“°‰¡àµâÕß‡ ’¬§à“®—¥∑”·∫∫À≈àÕ‡ “ ‚¥¬
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À≈ÿ¥≈Õ¬„πÕ“°“»·≈–∑”„Àâ‡°‘¥¡–‡√Áß„πªÕ¥·°à

ºŸâÀ“¬„®π”ΩÿÉπ¥—ß°≈à“«‡¢â“‰ª
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∑’Ë∂Ÿ°¥—¥·ª≈ß„Àâ‡À¡“– ¡°—∫‡ “∑’Ë»÷°…“
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 ¡°“√ÕÕ°·∫∫‡ “¢Õß «. .∑. ∑’Ë∂Ÿ°

¥—¥·ª≈ß

®“°¢âÕ¡Ÿ≈¢â“ßµâπ·≈–‡æ◊ËÕ„Àâ°“√ÕÕ°·∫∫‡ “¡’
≈—°…≥–∑’Ë„°≈â‡§’¬ß°—∫°“√„™âß“π®√‘ß¡“°¢÷Èπ·≈–¡’
§«“¡ª≈Õ¥¿—¬∑’Ë‡À¡“– ¡  ¡°“√∑’Ë (1) ®÷ß§«√∂Ÿ°
¥—¥·ª≈ß‚¥¬°“√‡æ‘Ë¡‡∑Õ¡∑’Ë ‡°’Ë¬«¢âÕß°—∫§«“¡
 “¡“√∂„π°“√µâ“π·√ß°√–∑”¢Õß∑àÕ´’‡¡πµå„¬À‘π
‚¥¬·∫àß‡∑Õ¡æ◊Èπ∑’ËÀπâ“µ—¥√«¡ ( Ag ) ÕÕ°‡ªìπ
æ◊Èπ∑’Ë‡ “∑’Ë‡ªìπ§Õπ°√’µ ( Ac ) ·≈–‡À≈Á°‡ √‘¡ ( As )
·≈–æ◊Èπ∑’ËÀπâ“µ—¥¢Õß∑àÕ ’́‡¡πµå„¬À‘π ( Aabs ) ·≈–
®“°°“√∑¥ Õ∫«— ¥ÿ́ ’‡¡πµå„¬À‘π¿“¬„µâ·√ßÕ—¥æ∫«à“
«— ¥ÿ¥—ß°≈à“«¡’æƒµ‘°√√¡°“√√—∫·√ß·∫∫‡™‘ß‡ âπ
µ√ß®π∂÷ß®ÿ¥«‘∫—µ‘ ‡°‘¥°“√«‘∫—µ‘·∫∫‡ª√“– ·≈–¡’§à“
§«“¡‡§√’¬¥ª√–≈—¬ (ultimate strain) ∑’Ë„°≈â‡§’¬ß
°—∫§à“§«“¡‡§√’¬¥ª√–≈—¬¢Õß§Õπ°√’µ§◊Õ ª√–¡“≥
0.003 ¡‘≈≈‘‡¡µ√µààÕ¡‘≈≈‘‡¡µ√ ¥—ßπ—Èπ ‡∑Õ¡∑’Ë‡°’Ë¬«¢âÕß
°—∫°”≈—ß¢Õß∑àÕ´’‡¡πµå„¬À‘π®÷ß§«√∂Ÿ°§Ÿ≥¥â«¬
 —¡ª√– ‘∑∏‘Ï≈¥°”≈—ß∑’Ë¡’§à“‡∑à“°—∫ —¡ª√– ‘∑∏‘Ï
≈¥°”≈—ß¢Õß§Õπ°√’µ ´÷Ëß¡’§à“ 0.2125 ·≈–‡∑’¬∫‰¥â
°—∫ à«π§«“¡ª≈Õ¥¿—¬‡∑à“°—∫ 4.70 ́ ÷ËßÕ“®®– Ÿß‰ª∫â“ß
‡¡◊ËÕ‡∑’¬∫°—∫ à«π§«“¡ª≈Õ¥¿—¬¢Õß§Õπ°√’µ
‡π◊ËÕß®“°«— ¥ÿ́ ’‡¡πµå„¬À‘π‡ªìπ«— ¥ÿ∑’Ëº≈‘µ„π‚√ßß“π
·≈–¡’§«“¡·ª√ª√«π¢Õß°√–∫«π°“√º≈‘µµË”‡¡◊ËÕ
‡∑’¬∫°—∫§Õπ°√’µ ·µà à«πµà“ß¥—ß°≈à“«πà“®–¡’§à“‰¡à
 Ÿßπ—°·≈–„π∑’Ëπ’È®–æ‘®“√≥“„Àâ‡ªìπ à«π§«“¡ª≈Õ¥¿—¬
 ”√Õß¢Õß‡ “¥—ß°≈à“« ¥—ßπ—Èπ „π ¿“«–°“√„™âß“π
‡¡◊ËÕ§Õπ°√’µ‡À≈Á°‡ √‘¡ ·≈–∑àÕ´’‡¡πµå„¬À‘π¬—ß§ß
¡’æƒµ‘°√√¡Õ¬Ÿà„π™à«ß‡™‘ß‡ âπµ√ß·≈–¡’°“√‡ª≈’Ë¬π
√Ÿª√à“ßπâÕ¬¡“°·≈â« «— ¥ÿµà“ß Ê ¥—ß°≈à“«®–∂Ÿ° ¡¡ÿµ‘
„Àâ√à«¡°—π√Õß√—∫·√ßÕ—¥„π·π«·°πÕ¬à“ß ¡∫Ÿ√≥å
‚¥¬‡ªìπ‰ªµ“¡‡ß◊ËÕπ‰¢§«“¡ Õ¥§≈âÕß (compatibility
condition) ∑’Ë°”Àπ¥„Àâ«— ¥ÿ∑—Èß “¡™π‘¥¡’§à“°“√
À¥µ—«‡∑à“°—π·≈â«  ¡°“√°“√ÕÕ°·∫∫‡ “§Õπ°√’µ
‡ √‘¡‡À≈Á° ∑’ËÀàÕÀÿâ¡¥â«¬∑àÕ´’‡¡πµå„¬À‘π®–‡¢’¬π

„À¡à‰¥â¥—ß ¡°“√∑’Ë (2)

P f A f A f Ac c abs abs s s= + +0 2125 0 85. ( © © ) . (2)

‚¥¬∑’Ë f abs©  §◊Õ°”≈—ß√—∫·√ßÕ—¥¢Õß∑àÕ´’‡¡πµå„¬À‘π

¢Õ„Àâ∑√“∫¥â«¬«à“ ¡“µ√∞“π ACI ·≈– «. .∑.

°Ì“Àπ¥„Àâ‡ “ —Èπ‡ªìπ‡ “∑’Ë¡’Õ—µ√“ à«π§«“¡ Ÿß¢Õß

‡ “µàÕ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß‡ “Àπâ“µ—¥∑√ß°≈¡

‰¡à‡°‘π 15 ´÷Ëß‡∑’¬∫‰¥â°—∫Õ—µ√“ à«π§«“¡™–≈Ÿ¥

(L/r) ‰¡à‡°‘π 60 ¥—ßπ—Èπ À“°‡ “¥—ß°≈à“«¡’

Õ—µ√“ à«π§«“¡™–≈Ÿ¥‡°‘π 60 ·≈â« ‡ “®–∂Ÿ°

æ‘®“√≥“‡ªìπ‡ “¬“«‚¥¬∑’Ë ¡°“√∑’Ë (1) ·≈– ¡°“√

∑’Ë (2) µâÕß∂Ÿ°§Ÿ≥¥â«¬µ—«§Ÿ≥≈¥°Ì“≈—ß (strength re-

duction factor) À√◊Õ R ´÷ËßÕ¬Ÿà„π√Ÿª

R L r= −1 07 0008. . ( / ) (3)

°“√∑¥ Õ∫«— ¥ÿ·≈–‡ “µ—«Õ¬à“ß∑¥ Õ∫

°“√‡ª√’¬∫‡∑’¬∫º≈∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥„π·π«

·°π¢Õß ‡ “§Õπ°√’µ ‡ √‘¡ ‡À≈Á°°—∫ ¡°“√

ÕÕ°·∫∫‡ “π—Èπ ‡√“®”‡ªìπµâÕß∑√“∫ ¡∫—µ‘∑“ß°≈

¢Õß«— ¥ÿ∑’Ë®–π”¡“„™â„π°“√∑”µ—«Õ¬à“ß∑¥ Õ∫

„πß“π«‘®—¬π’È §Õπ°√’µ∂Ÿ°∑¥ Õ∫µ“¡¡“µ√∞“π

ASTM C39 [2001] ·≈– C469 [1994] ·≈–‡À≈Á°

‡ √‘¡∂Ÿ°∑¥ Õ∫µ“¡¡“µ√∞“π ASTM E8 [2000]

 à«π°“√∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥¢Õß«— ¥ÿ´’‡¡πµå

„¬À‘ππ—Èπ ‡π◊ËÕß®“°¬—ß‰¡à¡’°“√°”Àπ¥¡“µ√∞“π

°“√∑¥ Õ∫ ¥—ßπ—Èπ „π°“√»÷°…“π’Èµ—«Õ¬à“ß∑¥ Õ∫

®–∂Ÿ°µ—¥¡“®“°∑àÕ´’‡¡πµå„¬À‘πµ“¡§«“¡¬“«∑àÕ

‚¥¬°”Àπ¥„Àâ¡’¢π“¥°«â“ß 30 ¡‘≈≈‘ ‡¡µ√

 Ÿß 60 ¡‘≈≈‘‡¡µ√ ·≈–Àπ“ 12 ·≈– 15 ¡‘≈≈‘‡¡µ√

 ”À√—∫∑àÕ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 0.15 ·≈–

0.20 ‡¡µ√ µ“¡≈”¥—∫ µ“¡¢âÕ·π–π”¢Õß¡“µ√∞“π

ASTM D 695 [1996] ‡æ◊ËÕªÑÕß°—πº≈¢Õß

·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ∑’Ëº‘« —¡º— √–À«à“ßÀ—«°¥

°—∫µ—«Õ¬à“ß∑¥ Õ∫·≈–°“√‚°àß‡¥“–¢Õßµ—«Õ¬à“ß

∑¥ Õ∫ ®“°π—Èπ µ—«Õ¬à“ß∑¥ Õ∫®–∂Ÿ°∑”°“√

∑¥ Õ∫‚¥¬°“√Õ—¥‚¥¬„™â‡§√◊ËÕß∑¥ Õ∫ UTM

(universal testing machine) ·≈–∑”°“√«—¥§à“·√ß

·≈–§à“°“√À¥µ—«„π·π«·°π‡æ◊ËÕπ”¡“‡¢’¬π°√“ø

§«“¡ —¡æ—π∏å√–À«à“ßÀπà«¬·√ßÕ—¥·≈–§«“¡‡§√’¬¥
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µ“√“ß∑’Ë  1 · ¥ß√“¬≈–‡Õ’¬¥µ—«Õ¬à“ß

∑¥ Õ∫∑’Ë„™â„π°“√»÷°…“π’È µ—«Õ¬à“ß∑¥ Õ∫‡ªìπ‡ “

§Õπ°√’µ‡ √‘¡‡À≈Á° Àπâ“µ—¥∑√ß°≈¡∑’Ë„™â∑àÕ

´’‡¡πµå„¬À‘π‡ªìπ·∫∫À≈àÕ‡ “·∫∫∂“«√ ‚¥¬

µ—«Õ¬à“ß‡ “®–∂Ÿ°∑¥ Õ∫ 2 µ—«Õ¬à“ßµàÕ 1 √Ÿª·∫∫

¢Õßµ—«Õ¬à“ß∑¥ Õ∫ ‚¥¬¡’§«“¡ Ÿß 3 §à“§◊Õ 0.75,

2.30 ·≈– 2.80 ‡¡µ√ ¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß

¢ÕßÀπâ“µ—¥µ“¡¢π“¥¢Õß∑àÕ ’́‡¡πµå„¬À‘π 2 §à“§◊Õ

0.15 ·≈– 0.20 ‡¡µ√ ¡’‡À≈Á°‡ √‘¡„π·π«·°π‡ªìπ

‡À≈Á°¢âÕÕâÕ¬ SD30 µ“¡¡“µ√∞“π ¡Õ°. 24-2536

‚¥¬¡’ª√‘¡“≥‡À≈Á°‡ √‘¡ 6 §à“ §◊Õ √âÕ¬≈– 1.50, 2.00,

2.15, 2.64, 3.53 ·≈– 3.84 ¢Õßæ◊Èπ∑’ËÀπâ“µ—¥‡ “

·≈–„™â‡À≈Á°ª≈Õ°‡¥’Ë¬«¢π“¥ RB6 ∑ÿ°√–¬– 0.120

‡¡µ√ µ≈Õ¥§«“¡¬“«¢Õß‡ “ ‚¥¬À¡“¬‡≈¢

µ—«Õ¬à“ß∑¥ Õ∫‡ “‡√’¬ßµ“¡‡ âπºà“π»Ÿπ¬å°≈“ß (d) -

§«“¡ Ÿß¢Õß‡ “ (L) - √âÕ¬≈–‡À≈Á°‡ √‘¡„π·π«·°π

‡™àπ µ—«Õ¬à“ß∑¥ Õ∫ 15-75-2.64 §◊Õ ‡ “∑’Ë¡’‡ âπ

ºà“π»Ÿπ¬å°≈“ß 0.15 ‡¡µ√ ¡’§«“¡ Ÿß 0.75 ‡¡µ√ ·≈–

¡’‡À≈Á°‡ √‘¡„π·π«·°π√âÕ¬≈– 2.64 ‡ªìπµâπ ‚¥¬

®“°µ“√“ß®–‡ÀÁπ‰¥â«à“ ‡ “∑’Ë„™â„π°“√∑¥ Õ∫¡’§à“

Õ—µ√“ à«π§«“¡™–≈Ÿ¥ (L/r) ∑—Èß ‘Èπ 6 §à“ ´÷ËßÕ¬Ÿà„π

™à«ß√–À«à“ß 15 ∂÷ß 75 √Ÿª∑’Ë 2 · ¥ß√ŸªÀπâ“µ—¥

¢Õß‡ “∑’Ë· ¥ß°“√®—¥‡√’¬ß‡À≈Á°·°π¢Õß‡ “

µ—«Õ¬à“ß∑¥ Õ∫∑’Ë„™â„π°“√»÷°…“

√Ÿª∑’Ë 3 · ¥ß°“√µ‘¥µ—Èßµ—«Õ¬à“ß∑¥ Õ∫‡¢â“°—∫

loading frame ‚¥¬®ÿ¥√Õß√—∫∑’Ëª≈“¬∫π·≈–ª≈“¬

≈à“ß¢Õß‡ “‡ªìπÀ¡ÿ¥ (pin) ‡¡◊ËÕ‡ “∂Ÿ°µ‘¥µ—Èß‡¢â“®ÿ¥

√Õß√—∫·≈â« ·π«¥‘Ëß¢Õß‡ “®–∂Ÿ°µ√«® Õ∫‚¥¬„™â

Table 1. Details of test specimens

Specimens d L Reinforcement Percent of  L/r

(m) (m) reinforcement (%)

15-75-2.64 0.15 0.75 6DB10 2.64 20

15-75-3.53 0.15 0.75 8DB10 3.53 20

15-75-3.84 0.15 0.75 6DB12 3.84 20

20-75-1.50 0.20 0.75 6DB10 1.50 15

20-75-2.00 0.20 0.75 8DB10 2.00 15

20-75-2.16 0.20 0.75 6DB12  2.16 15

15-175-2.64 0.15 1.75 6DB10 2.64 47

15-175-3.53 0.15 1.75 8DB10 3.53 47

15-175-3.84 0.15 1.75 6DB12 3.84 47

20-175-1.50 0.20 1.75 6DB10 1.50 35

20-175-2.00 0.20 1.75 8DB10 2.00 35

15-230-2.64 0.15 2.30 6DB10  2.64 61

15-230-3.53 0.15 2.30 8DB10  3.53 61

15-230-3.84 0.15 2.30 6DB12  3.84 61

20-230-1.50 0.20 2.30 6DB10 1.50 46

20-230-2.00 0.20 2.30 8DB10 2.00 46

20-230-2.16 0.20 2.30 6DB12 2.15 46

15-280-2.64 0.15 2.80 6DB10  2.64 75

15-280-3.53 0.15 2.80 8DB10  3.53 75

15-280-3.84 0.15 2.80 6DB12  3.84 75

20-280-1.50 0.20 2.80 6DB10 1.50 56

20-280-2.00 0.20 2.80 8DB10 2.00 56

20-280-2.15 0.20 2.80 6DB12 2.15 56
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≈Ÿ°¥‘Ëßæ√âÕ¡ Ê °—∫°“√ª√—∫·µàßµ”·Àπàß¢Õß®ÿ¥

√Õß√—∫‡æ◊ËÕ„Àâ·√ß°√–∑”ºà“π®ÿ¥‡´π∑√Õ¬¥å (centroid)

¢ÕßÀπâ“µ—¥¢Õß‡ “ ®“°π—Èπ∑”°“√ preload „Àâ

·√ß°√–∑”µàÕ‡ “ª√–¡“≥ 5 °‘‚≈π‘«µ—π (kN) ‡æ◊ËÕ

„Àâ‡ “Õ¬Ÿà„π ¿“«–æ√âÕ¡∑¥ Õ∫ ·≈–∑”°“√µ‘¥µ—Èß

dial gauge ∑’Ëª≈“¬¥â“π∫π¢Õß‡ “·≈–∑’Ë®ÿ¥

°÷Ëß°≈“ß§«“¡¬“«¢Õß‡ “ ‡æ◊ËÕ«—¥§à“°“√À¥µ—«„π

·π«·°π (axial displacement) ·≈–§à“°“√‚°àß

µ—«∑“ß¥â“π¢â“ß (lateral displacement) ¢Õß‡ “ µ“¡

≈”¥—∫  ÿ¥∑â“¬ ∑”°“√„Àâ·√ß°√–∑”µàÕ‡ “‚¥¬„™â

hydraulic pump ‰øøÑ“Õ—¥πÈ”¡—π‰Œ¥√Õ≈‘°‰ª¬—ß

hydraulic ram Õ¬à“ß™â“ Ê ·≈–Õà“π§à“·√ß·≈–§à“

°“√‡ª≈’Ë¬πµ”·Àπàß ·≈–∑”°“√∑¥ Õ∫‰ªÕ¬à“ßµàÕ

‡π◊ËÕß®π°√–∑—Ëß‡ “‡°‘¥°“√«‘∫—µ‘

Figure 3. Test set-up for axially compressive loading test

Figure 2. Detail of the specimen's cross-section

6DB10 8DB10 6DB12
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º≈°“√∑¥ Õ∫·≈–«‘®“√≥åº≈

 ¡∫—µ‘∑“ß°≈¢Õß«— ¥ÿ∑’Ë„™â„π°“√»÷°…“

®“°º≈°“√∑¥ Õ∫«— ¥ÿ∑’Ë„™â„π°“√»÷°…“π’È

æ∫«à“ «— ¥ÿµà“ß Ê ¡’ ¡∫—µ‘∑“ß°≈ ¥—ß∑’Ë· ¥ß„π

µ“√“ß∑’Ë 2 ‚¥¬¡’·ºπ¿“æ· ¥ß§«“¡ —¡æ—π∏å

√–À«à“ßÀπà«¬·√ß·≈–§«“¡‡§√’¬¥¢Õß§Õπ°√’µ

´’‡¡πµå„¬À‘π·≈–‡À≈Á°‡ √‘¡ SD30 µ“¡√Ÿª∑’Ë 4 ‚¥¬

æƒµ‘°√√¡°“√√—∫·√ß·≈–≈—°…≥–°“√«‘∫—µ‘¢Õß

§Õπ°√’µ·≈–‡À≈Á°‡ √‘¡¡’≈—°…≥–‡À¡◊Õπ°—∫∑’Ë

∑√“∫‚¥¬∑—Ë«‰ª

„π à«π¢Õß«— ¥ÿ´’ ‡¡πµå„¬À‘π ®“°°“√

∑¥ Õ∫·≈–®“°°√“ø§«“¡ —¡æ—π∏å√–À«à“ßÀπà«¬

·√ßÕ—¥·≈–§«“¡‡§√’¬¥Õ—¥¢Õß´’‡¡πµå„¬À‘π ¥—ß∑’Ë

· ¥ß„π√Ÿª∑’Ë 4(a) æ∫«à“ æƒµ‘°√√¡°“√√—∫·√ßÕ—¥

¢Õß´’‡¡πµå„¬À‘π§àÕπ¢â“ß·µ°µà“ß®“°§Õπ°√’µ

°≈à“«§◊Õ ´’‡¡πµå„¬À‘π¡’æƒµ‘°√√¡·∫∫¬◊¥À¬ÿàπ‡™‘ß

‡ âπ®π°√–∑—Ëß∂÷ßÀπà«¬·√ßª√–≈—¬ ®“°π—Èπ ’́‡¡πµå

„¬À‘π®–‡°‘¥°“√·µ°√â“«Õ¬à“ß√«¥‡√Á«¥—ß∑’Ë‡ÀÁπ‰¥â

®“°°“√∑’Ë‡ âπ°√“øµ°≈ßÕ¬à“ß√«¥‡√Á« ´÷Ëß≈—°…≥–

°“√«‘∫—µ‘·∫∫π’È®–‡ªìπ°“√«‘∫—µ‘·∫∫‡ª√“– πÕ°®“°

π—Èπ·≈â«¬—ßæ∫Õ’°¥â«¬«à“ §Õπ°√’µ·≈–´’‡¡πµå„¬À‘π

∑’Ë„™â„π°“√»÷°…“π’È¡’§à“§«“¡‡§√’¬¥Õ—¥ª√–≈—¬∑’Ë„°≈â

‡§’¬ß°—π ·µà¡’≈—°…≥–°“√«‘∫—µ‘∑’Ë·µ°µà“ß°—π °“√

«‘∫—µ‘¢Õß ’́‡¡πµå„¬À‘π¥—ß°≈à“«®–∑”„Àâ —ß‡°µ‡ÀÁπ

°“√‡√‘Ë¡µâπ¢Õß°“√«‘∫—µ‘¢Õß‡ “§Õπ°√’µ‡ √‘¡‡À≈Á°

∑’Ë„™â∑àÕ´’‡¡πµå„¬À‘π‡ªìπ·∫∫À≈àÕ∂“«√‰¥âÕ¬à“ß

™—¥‡®π ¥—ßπ—Èπ °“√·µ°√â“«¢Õß∑àÕ ’́‡¡πµå„¬À‘π¥—ß°≈à“«

∑”Àπâ“∑’Ë‡ªìπ‡ ¡◊Õπ‡§√◊ËÕß‡µ◊Õπ°“√«‘∫—µ¢Õß‡ “

§«“¡ —¡æ—π∏å√–À«à“ß·√ßÕ—¥·≈–°“√À¥µ—«„π·π«

·°π·≈–≈—°…≥–°“√«‘∫—µ‘¢Õßµ—«Õ¬à“ß∑¥ Õ∫

√Ÿª∑’Ë 5 · ¥ßµ—«Õ¬à“ß·ºπ¿“æ·√ßÕ—¥„π·π«

·°π·≈–§à“°“√À¥µ—«„π·π«·°π ¢Õß‡ “∑’Ë¡’¢π“¥

‡ âπºà“π»Ÿπ¬å°≈“ß 0.15 ‡¡µ√ ·≈–¡’§«“¡ Ÿß 2.30

‡¡µ√ ∑’Ë¡’°“√‡ √‘¡‡À≈Á°„πª√‘¡“≥∑’Ëµà“ß°—π ®“°°√“ø

®–‡ÀÁπ‰¥â«à“ „π™à«ß·√°æƒµ‘°√√¡¢Õß‡ “®–§àÕπ¢â“ß

‡ªìπ·∫∫‡™‘ß‡ âπµ√ß ‚¥¬‡À≈Á°‡ √‘¡ §Õπ°√’µ ·≈–

´’‡¡πµå„¬À‘π®–√à«¡°—π√—∫·√ßÕ—¥ ®π°√–∑—Ëß·√ßÕ—¥

¡’§à“ª√–¡“≥√âÕ¬≈– 80 ¢Õß°”≈—ß√—∫·√ßÕ—¥ Ÿß ÿ¥

¢Õß‡ “ ®“°π—Èπ §à“·√ßÕ—¥∑’Ë ‡æ‘Ë¡¡“°¢÷Èπ®–∂Ÿ°

√Õß√—∫‚¥¬§Õπ°√’µ·≈– ’́‡¡πµå„¬À‘π‡ªìπÀ≈—°

‡π◊ËÕß®“°°“√§√“°¢Õß‡À≈Á°‡ √‘¡∑”„Àâ‡À≈Á°‡ √‘¡

‰¡à “¡“√∂√—∫·√ßÕ—¥∑’Ë‡æ‘Ë¡¢÷Èπ‰¥â ´÷Ëß®–‡ÀÁπ‰¥â®“°

√Ÿª∑’Ë 4 «à“ ‡À≈Á°‡ √‘¡¡’§«“¡‡§√’¬¥∑’Ë®ÿ¥§√“°

ª√–¡“≥ 0.0012 ¡‘≈≈‘‡¡µ√µàÕ¡‘≈≈‘‡¡µ√ ´÷ËßµË”°«à“

§à“§«“¡‡§√’¬¥ª√–≈—¬¢Õß§Õπ°√’µ·≈–´’‡¡πµå

„¬À‘π∑’ËÕ¬Ÿà„π™à«ß 0.0020 ·≈– 0.0030 ¡‘≈≈‘‡¡µ√

µàÕ¡‘≈≈‘‡¡µ√ ·≈–æƒµ‘°√√¡¢Õß‡ “®–‡√‘Ë¡‡ªìπ·∫∫

‰√â‡™‘ß‡ âπ ®“°π—Èπ ‡¡◊ËÕ·√ßÕ—¥¡’§à“‡æ‘Ë¡¢÷ÈπÕ’°

®π°√–∑—Ëß∑”„Àâ§Õπ°√’µ·≈–´’‡¡πµå„¬À‘π¡’§à“

§«“¡‡§√’¬¥∂÷ß§à“§«“¡‡§√’¬¥ª√–≈—¬·≈â« ’́‡¡πµå

„¬À‘π®–‡°‘¥°“√·µ°√â“«Õ¬à“ß√«¥‡√Á«∑’Ë∫√‘‡«≥

ª≈“¬∑—Èß Õß¢â“ß¢Õß‡ “‡π◊ËÕß®“°‡ªìπ«— ¥ÿ‡ª√“–

·µà§Õπ°√’µ®–¡’°“√·µ°√â“«‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß

‡π◊ËÕß®“°¡’æƒµ‘°√√¡·∫∫§àÕ¬‡ªìπ§àÕ¬‰ª ‡¡◊ËÕ·√ß

°√–∑”µàÕ‡ “¡’§à“∂÷ß°”≈—ß√—∫·√ßÕ—¥ Ÿß ÿ¥·≈â«

∑àÕ´’‡¡πµå„¬À‘π®–‡°‘¥°“√·µ°√â“«Õ¬à“ß‡ÀÁπ‰¥â

™—¥‡®π¬‘Ëß¢÷Èπ À≈—ß®“°π—Èπ ·√ß°√–∑”µàÕ‡ “®–¡’§à“

Table 2. Mechanical properties of materials used in this study

Materials Standard test Yielding stress Ultimate stress Modulus of

method (MPa) (MPa) elasticity (GPa)

Concrete ASTM C39 and NA 21.5 19.7

ASTM C469

Steel reinforcement ASTM E8 412.2 541.1 203.9

Asbestos cement - NA 13.2 6.1
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 (a) Concrete and asbestos cement

Figure 5. Axial load versus axial displacement diagram of the column specimens having 0.15 m

diameter and 2.30 m height

Figure 4. Stress-strain diagrams of materials used in this study

 (b) Steel reinforcement
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≈¥≈ßÕ¬à“ß√«¥‡√Á« ‚¥¬°“√‡ª≈’Ë¬πµ”·Àπàß„π·π«

·°π·≈–√Õ¬·µ°√â“«∑’Ë‡°‘¥„π∑àÕ´’‡¡πµå„¬À‘π®–¡’

§à“‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á« ·≈–‡°‘¥°“√«‘∫—µ‘Õ¬à“ß∑—π∑’

∑—π„¥ ́ ÷Ëß‡ªìπ≈—°…≥–∑—Ë«‰ª¢Õß°“√«‘∫—µ‘¢Õß‡ “ —Èπ

§Õπ°√’µ‡ √‘¡‡À≈Á°·∫∫ª≈Õ°‡¥’Ë¬« (MacGregor,

1992) ‚¥¬¡’≈—°…≥–°“√«‘∫—µ‘‚¥¬‡°‘¥§√“° (yielding)

„π‡À≈Á°‡ √‘¡·≈–‡°‘¥°“√Õ—¥·µ° (crushing) „π

§Õπ°√’µ·≈–∑àÕ´’‡¡πµå„¬À‘π∑’Ë∫√‘‡«≥ª≈“¬¢Õß

µ—«Õ¬à“ß∑¥ Õ∫ ¥—ß∑’Ë· ¥ß„π√Ÿª∑’Ë 6(a) ÷́Ëß· ¥ß

µ—«Õ¬à“ß°“√«‘∫—µ‘¢Õß‡ “∑’Ë¡’§«“¡ Ÿß 0.75 ‡¡µ√ √Ÿª

∑’Ë 6(b) · ¥ßµ—«Õ¬à“ß°“√«‘∫—µ‘¢Õß‡ “∑’Ë¡’§«“¡ Ÿß 2.80

‡¡µ√

§«“¡ —¡æ—π∏å√–À«à“ß·√ßÕ—¥„π·π«·°π·≈–°“√

‚°àßµ—«∑“ß¥â“π¢â“ß¢Õßµ—«Õ¬à“ß∑¥ Õ∫

√Ÿª∑’Ë  7 · ¥ß·ºπ¿“æ§«“¡ —¡æ—π∏å
√–À«à“ß·√ßÕ—¥„π·π«·°π·≈–°“√‡ª≈’Ë¬πµ”·Àπàß
∑“ß¥â“π¢â“ß∑’Ë°÷Ëß°≈“ß§«“¡ Ÿß¢Õßµ—«Õ¬à“ß∑¥ Õ∫
®“°°√“ø®–‡ÀÁπ‰¥â«à“ ‡¡◊ËÕ·√ß„π·π«·°π¡’§à“ Ê

(a) (b)

Figure 6. Mode of failure of the columns: (a) column with 0.75 m height and (b) column

with 2.80 m heigh

Figure 7. Axial Load versus lateral displacement diagram of the column specimens
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Àπ÷Ëß·≈â« ‡ “∑’Ë¡’Õ—µ√“ à«π§«“¡™–≈Ÿ¥¡“°®–¡’§à“
°“√‡ª≈’Ë¬πµ”·Àπàß∑“ß¥â“π¢â“ß¡“°°«à“‡ “∑’Ë¡’
Õ—µ√“ à«π§«“¡™–≈Ÿ¥πâÕ¬ ‚¥¬§à“°“√‡ª≈’Ë¬π
µ”·Àπàß∑“ß¥â“π¢â“ß Ÿß ÿ¥∑’Ë ‡°‘¥¢÷Èπ„πµ—«Õ¬à“ß

∑¥ Õ∫∑’Ë®ÿ¥«‘∫—µ‘¡’§à“§àÕπ¢â“ßπâÕ¬§◊Õ ‰¡à‡°‘π 7

¡‘≈≈‘‡¡µ√ ÷́Ëß∑”„Àâ§à“‚¡‡¡πµå¥—¥∑’Ë‡°‘¥¢÷Èπ‡π◊ËÕß®“°

°“√‡ª≈’Ë¬πµ”·Àπàß∑“ß¥â“π¢â“ß¡’§à“πâÕ¬¡“° ·≈–

‡ “‡°‘¥°“√«‘∫—µ‘µ“¡∑’Ë‰¥â°≈à“«‰ª·≈â«„π∑ÿ°Õ—µ√“ à«π

§«“¡™–≈Ÿ¥∑’Ë»÷°…“

 à«π§«“¡ª≈Õ¥¿—¬¢Õß ¡°“√ÕÕ°·∫∫‡ “∑’Ë‡ πÕ

®“°µ“√“ß∑’Ë 3 ‡¡◊ËÕπ”§à“·√ßÕ—¥ Ÿß ÿ¥∑’Ë‰¥â
®“°°“√∑¥ Õ∫À“√¥â«¬§à“∑’Ë‰¥â®“° ¡°“√ÕÕ°·∫∫
‡ “ ¡°“√∑’Ë 2 (·≈–§Ÿ≥¥â«¬ ¡°“√∑’Ë 3 „π°√≥’∑’Ë
‡ “¡’Õ—µ√“ à«π§«“¡™–≈Ÿ¥‡°‘π 60) ‚¥¬„™â§à“
 ¡∫—µ‘∑“ß°≈¢Õß«— ¥ÿ∑’Ë∑¥ Õ∫‰¥â„πµ“√“ß∑’Ë 2 ·≈–
¢π“¥Àπâ“µ—¥®√‘ß¢Õß«— ¥ÿ·≈â« æ∫«à“  à«π§«“¡
ª≈Õ¥¿—¬¢Õß‡ “§Õπ°√’µ‡ √‘¡‡À≈Á°∑’Ë∂Ÿ°ÀàÕÀÿâ¡

¥â«¬∑àÕ ’́‡¡πµå„¬À‘π¿“¬„µâ·√ßÕ—¥„π·π«·°π¡’§à“

Table 3. Maximum compressive loads from the test, working compressive loads from the

modified design equation and factor of safety

Specimens L/r Max. loads from the Working loads from the Factor of safety

test (kN) modified design equation (kN)

15-75-2.64 20 397 124 3.20

15-75-3.53 20 490 144 3.40

15-75-3.84 20 577 151 3.82

20-75-1.50 15 745 186 4.01

20-75-2.00 15 778 207 3.76

20-75-2.16 15 808 214 3.78

15-175-2.64 47 338 102 3.31

15-175-3.53 47 390 110 3.55

15-175-3.84 47 456 116 3.93

20-175-1.50 35 599 155 3.86

20-175-2.00 35 644 178 3.62

15-230-2.64 61 315 79 3.99

15-230-3.53 61 328 92 3.57

15-230-3.84 61 345 96 3.59

20-230-1.50 46 514 138 3.72

20-230-2.00 46 608 153 3.97

20-230-2.15 46 650 158 4.11

15-280-2.64 75 287 64 4.48

15-280-3.53 75 314 74 4.24

15-280-3.84 75 276 78 3.54

20-280-1.50 56 499 122 4.09

20-280-2.00 56 560 136 4.12

20-280-2.15 56 536 140 3.83
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Õ¬Ÿà√–À«à“ß 3.20 ∂÷ß 4.48 ´÷Ëßπà“®– Ÿß‡æ’¬ßæÕ

„π°“√„™âß“π®√‘ß‡¡◊ËÕ‡∑’¬∫°—∫ à«π§«“¡ª≈Õ¥¿—¬∑’Ë

„™â„π ¡°“√∑’Ë 1 ́ ÷Ëß„π°√≥’¢Õß§Õπ°√’µ¡’§à“‡∑à“°—∫

4.70 ·≈–„π°√≥’ ¢Õß ‡À≈Á °∑’Ë ¡’ §à “ ‡∑à “ °— ∫

1/[(0.40)(0.85)] = 2.94

 √ÿªº≈°“√∑¥ Õ∫

®“°º≈°“√∑¥ Õ∫¢â“ßµâπ “¡“√∂ √ÿªº≈°“√

»÷°…“‰¥â¥—ßπ’È

1. „π™à«ß·√°æƒµ‘°√√¡¢Õß‡ “§Õπ°√’µ

‡ √‘¡‡À≈Á°∑’Ë∂Ÿ°ÀàÕÀÿâ¡¥â«¬∑àÕ´’‡¡πµå„¬À‘π¿“¬„µâ

·√ßÕ—¥„π·π«·°π®–§àÕπ¢â“ß‡ªìπ·∫∫‡™‘ß‡ âπµ√ß

(linear) ®π°√–∑—Ëß°”≈—ß√—∫·√ßÕ—¥¢Õß‡ “¡’§à“

ª√–¡“≥√âÕ¬≈– 80 - 90 ¢Õß°”≈—ß√—∫·√ßÕ—¥ Ÿß ÿ¥

®“°π—Èπ æƒµ‘°√√¡¢Õß‡ “‡√‘Ë¡‡ªìπ·∫∫‰√â‡™‘ß‡ âπ

·≈–‡¡◊ËÕ·√ßÕ—¥¡’§à“‡æ‘Ë¡¢÷ÈπÕ’°®π°√–∑—Ëß∑”„Àâ

§Õπ°√’µ·≈–´’‡¡πµå„¬À‘π¡’§à“§«“¡‡§√’¬¥‡∑à“°—∫

§«“¡‡§√’¬¥ª√–≈—¬·≈â« §Õπ°√’µ·≈–´’‡¡πµå„¬À‘π

®–‡°‘¥°“√·µ°√â“«Õ¬à“ß√«¥‡√Á«∑’Ë∫√‘‡«≥ª≈“¬∑—Èß

 Õß¢â“ß¢Õß‡ “ ®“°π—Èπ °”≈—ß√—∫·√ßÕ—¥¢Õß‡ “®–

≈¥≈ßÕ¬à“ß√«¥‡√Á« ‚¥¬°“√‡ª≈’Ë¬πµ”·Àπàß„π·π«

·°π·≈–√Õ¬·µ°√â“«‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ·≈–‡°‘¥

°“√«‘∫—µ‘Õ¬à“ß∑—π∑’∑—π„¥ ‚¥¬¡’≈—°…≥–°“√«‘∫—µ‘∑’Ë

‡°‘¥®“°°“√§≈“°„π‡À≈Á°‡ √‘¡·≈–‡°‘¥°“√Õ—¥·µ°

„π§Õπ°√’µ·≈–∑àÕ ’́‡¡πµå„¬À‘π

2. ®“°°“√‡ª√’¬∫‡∑’¬∫§à“·√ßÕ—¥ Ÿß ÿ¥∑’Ë‰¥â

®“°°“√∑¥ Õ∫·≈–§à“·√ßÕ—¥∑’Ë§”π«≥‰¥â®“°

 ¡°“√¥—¥·ª≈ß¢Õß «. .∑. ( ¡°“√∑’Ë 2) ∑’Ëπ”

‡ πÕæ∫«à“ §à“ à«π§«“¡ª≈Õ¥¿—¬¢Õß‡ “„π™à«ß

Õ—µ√“ à«π§«“¡™–≈Ÿ¥∑’Ë»÷°…“¡’§à“Õ¬Ÿà™à«ß 3.20 ∂÷ß

4.48 ´÷Ëß„°≈â‡§’¬ß°—∫§à“ à«π§«“¡ª≈Õ¥¿—¬¢Õß«— ¥ÿ

∑’Ë„™â∑”‡ “ ¥—ßπ—Èπ  ¡°“√¥—¥·ª≈ß¢Õß «. .∑. ∑’Ë

‡ πÕÀ√◊Õ ¡°“√∑’Ë (2) ®÷ß “¡“√∂π”¡“„™âß“π‰¥â

Õ¬à“ß‰√°Áµ“¡ ‡π◊ËÕß®“°‡ªìπ∑’Ë∑√“∫°—π¥’Õ¬Ÿà«à“ ́ ’‡¡πµå

„¬À‘π‡ªìπ«— ¥ÿ∑’Ë “¡“√∂°àÕ„Àâ‡°‘¥¡–‡√Áß„πªÕ¥‰¥â

À“° Ÿ¥¥¡‡¢â“ Ÿà√à“ß°“¬‡ªìπ®”π«π¡“° ¥—ßπ—Èπ µâÕß

¡’°“√ªÑÕß°—π‰¡à„ÀâΩÿÉπ´’‡¡πµå„¬À‘π∑’Ë‡°‘¥®“°°“√

µ—¥∑àÕ‡¢â“ Ÿà√à“ß°“¬ ·≈–§«√¡’°“√∑“ ’æ≈“ µ‘°∑—∫

º‘«Àπâ“¢Õß∑àÕ´’‡¡πµå„¬À‘πÀ≈—ß®“°°àÕ √â“ß‡ √Á®

‡æ◊ËÕªÑÕß°—π‰¡à„Àâ´’‡¡πµå„¬À‘πÀ≈ÿ¥≈àÕπ¡“º ¡°—∫

Õ“°“»‰¥â

°‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’ ÿ√π“√’∑’Ë

„Àâ°“√ π—∫ πÿπ∑ÿπ«‘®—¬  ∂“π∑’Ë ·≈–‡§√◊ËÕß¡◊Õ

∑¥ Õ∫ ‚¥¬º≈°“√∑¥ Õ∫·≈–¢âÕ √ÿªµ“¡∑’Ë

ª√“°Ø„π∫∑§«“¡«‘®—¬π’È‡ªìπ¢âÕ§‘¥‡ÀÁπ¢ÕßºŸâ«‘®—¬

‡∑à“π—Èπ

‡Õ° “√Õâ“ßÕ‘ß
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