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Delayed time compaction was one of the uncontrolled problems in soil stabilization that use soil
cement in road construction. According to the restriction from Department of Highway Thailand that duration
from the beginning till the final of compaction method should not exceed two hours. Some time compaction
cannot be done on time due to some problems taking place and would take longer time.  From these problems
mentioned above, the literatures reviewed in the past about effect of the delayed time before compaction
motivated the study of the delayed time before compaction in soil cement. In this study the comparative results
of unconfined compressive strength of soil cement and soil cement with Renolith were carried out.

The result showed that optimum cement content which was used in this study under conditions of
unconfined compressive strength (UCS) of soil cement at least 17.5 Kg/cm2, factor of safety equal 1.6, at the time
of curing 7 days and soaked in water for two hours before testing was 3% by weight of air dry soil.  Moreover,
the results showed that while the delayed time increased, the values of unconfined compressive strength decreased
at the rate 2.1 Kg/cm2 per hour at all cement content ratio both in cases of soil-cement and soil-cement-Renolith.
In addition, the values of unconfined compressive strength were not significantly changed while the Renolith
content between 0% to 10% by weight but in case of  Renolith content at 15% by weight, the values of  UCS  were
20% higher at all delayed time. Furthermore, while maintaining UCS at least 17.5 Kg/cm2, the delayed time
before compaction of soil cement with 15% Renolith can be extended to 4 hours.
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1. ∫∑π”

ªí®®ÿ∫—π¡’°“√ √â“ß∂ππ‡æ‘Ë¡¡“°¢÷Èπ‡π◊ËÕß®“°§«“¡‡®√‘≠¢Õßª√–‡∑» ·µà‡π◊ËÕß®“°ªí≠À“°“√¢“¥·§≈π«— ¥ÿ

°àÕ √â“ß„π∫“ßæ◊Èπ∑’Ë ®÷ß‰¥â¡’°“√π”¥‘π„π∑âÕß∂‘Ëπ¡“ª√—∫ª√ÿß§ÿ≥¿“æ‡æ◊ËÕ “¡“√∂„™â‡ªìπ«— ¥ÿ™—Èπæ◊Èπ∑“ß √Õßæ◊Èπ∑“ß

∑¥·∑π«— ¥ÿ¡“µ√∞“π  º≈°“√»÷°…“¢Õß Ingles ·≈– Metcalf [1] æ∫«à“ °“√ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß¥‘π¥â«¬ªŸπ ’́‡¡πµå

‡ªìπ°“√π”‡Õ“ªŸπ´’‡¡πµåº ¡°—∫¥‘π∑’ËµâÕß°“√ª√—∫ª√ÿß§ÿ≥¿“æ ·≈â«‡µ‘¡πÈ”„πª√‘¡“≥∑’Ë‡À¡“– ¡ ®“°π—Èπ®÷ß∫¥Õ—¥

®–∑”„Àâ¥‘π¡’°”≈—ß√—∫·√ß‡©◊Õπ‰¥â¡“°¢÷Èπ·≈–¡’§à“§«“¡ ÷́¡‰¥â¢ÕßπÈ”µË”≈ß  ·µà„πº≈°“√»÷°…“¢Õß Õµ‘¡πµå  ¬ÿæ¿√≥å

[2] · ¥ß„Àâ‡ÀÁπ«à“ §«“¡≈à“™â“„π°“√∫¥Õ—¥∑”„Àâ°”≈—ßÕ—¥¢Õß¥‘π´’‡¡πµå≈¥≈ß ‡π◊ËÕß®“°¥‘π´’‡¡πµå‡°‘¥°“√æ—≤π“

‚§√ß √â“ß ®“°º≈¢Õß°“√‡°‘¥ªØ‘°√‘¬“‰Œ‡¥√™—Ëπ∫“ß à«π°àÕπ°“√∫¥Õ—¥ ‡¡Á¥¥‘π®–√«¡µ—«°—π‡ªìπ°√–®ÿ° (clods) °“√

∫¥Õ—¥∑’Ë≈à“™â“®÷ß°≈“¬‡ªìπ°“√∑”≈“¬‚§√ß √â“ß¢Õß¥‘π´’‡¡πµå∫“ß à«π·≈–§«“¡Àπ“·πàπ∑’Ë‰¥â®–µË”°«à“§«“¡‡ªìπ®√‘ß

ƒ∑∏‘‡¥™ æ—π∏å§√ÿ± [3] ∑”°“√»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß°“√Àπà«ß‡«≈“ (delayed time) µàÕº≈°“√∫¥Õ—¥ ∑’Ë àßº≈µàÕ

§ÿ≥ ¡∫—µ‘∑“ß¥â“π«‘»«°√√¡¢Õß¥‘π´’‡¡πµå æ∫«à“∑’Ë‡«≈“°“√Àπà«ß‡¥’¬«°—π°“√º ¡ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë

1 ®–„Àâ§à“ Ÿß°«à“º ¡¥â«¬ªŸπ´’‡¡πµåº ¡ª√–‡¿∑Õ◊Ëπ „πªï 2542 °√¡‚¬∏“∏‘°“√ [4] √“¬ß“πº≈°“√»÷°…“‚¥¬„™â “√

Renolith º ¡‡æ‘Ë¡   “√π’È®–∑”Àπâ“∑’Ë™à«¬‡æ‘Ë¡·√ß¬÷¥‡°“–√–À«à“ßªŸπ´’‡¡πµå°—∫¥‘π ‡¡◊ËÕºà“π°“√∫¥Õ—¥®–∑”„Àâ¥‘π

¡’§«“¡·¢Áß·°√àß‡æ‘Ë¡¢÷Èπ§≈â“¬§Õπ°√’µ „π‚§√ß°“√∑¥ Õ∫·≈–ÕÕ°·∫∫°àÕ √â“ß∂ππæ◊Èπ∑“ß¥‘π´’‡¡πµå√’‚π≈‘∑

 “¬æÿæŸ≈-∑à“‡ ≈“-Àâ«¬‡°…¡ Õ.‡æ™√∫ÿ√’  “√ Renolith ‡ªìππÈ”¬“‡§¡’∑’Ë¡’ “√‚æ≈‘‡¡Õ√å≈“‡∑Á°´å·≈– “√‡´≈≈Ÿ‚≈ 

º ¡‡ªìπÕß§åª√–°Õ∫À≈—°  “√‚æ≈‘‡¡Õ√å„π à«πº ¡¢Õß Renolith ¡’§ÿ≥ ¡∫—µ‘‡ªìπ°“« ∑”Àπâ“∑’Ë™à«¬„Àâ‡°‘¥°“√

‡™◊ËÕ¡ª√– “π¬÷¥‡°“–√–À«à“ßªŸπ´’‡¡πµå°—∫¥‘πÀ√◊Õ«— ¥ÿÕ◊ËπÊ ‡™àπ À‘π °√«¥ ∑√“¬

°“√æ—≤π“°”≈—ßÕ—¥¢Õß¥‘π´’‡¡πµå®–‡°‘¥®“°º≈¢ÕßªØ‘°√‘¬“ Cement Hydration ‡ªìπÀ≈—° ∑—Ë«‰ª·≈â«

„π°“√∑”ß“π§«√∑”°“√∫¥Õ—¥¥‘π´’‡¡πµå‚¥¬„™â‡«≈“πâÕ¬∑’Ë ÿ¥ ‚¥¬‡√‘Ë¡π—∫‡«≈“µ—Èß·µàº ¡¥‘π´’‡¡πµå®π°√–∑—Ëß‡ √Á®

 ‘Èπ°√–∫«π°“√∫¥Õ—¥ ‡«≈“™à«ßπ’È‰¡à§«√‡°‘π 2 ™—Ë«‚¡ß (°√¡∑“ßÀ≈«ß, ¡“µ√∞“πß“π∑“ß,  ”π—°«‘‡§√“–Àå«‘®—¬

·≈–æ—≤π“ß“π∑“ß, [5]) ·µà∫“ß§√—ÈßÕ“®¡’ “‡Àµÿ∫“ßª√–°“√∑’Ë∑”„Àâ‰¡à “¡“√∂∑”°“√∫¥Õ—¥‰¥âµ“¡°”Àπ¥‡«≈“¥—ß

°≈à“« ‡™àπ ‡§√◊ËÕß®—°√∑’Ë„™â„π°“√∫¥Õ—¥‡°‘¥‡ ’¬À“¬™”√ÿ¥ ‡ªìπµâπ ®“°ªí≠À“µà“ßÊ ∑’Ë‡°‘¥¢÷Èπ·≈–®“°º≈¢Õß°“√

«‘®—¬∑’Ëºà“π¡“„π‡√◊ËÕß¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥ «—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬¡’‡æ◊ËÕ„Àâ∑√“∫∂÷ßº≈°√–∑∫¢Õß

°“√Àπà«ß‡«≈“ °àÕπ°“√∫¥Õ—¥µàÕ§à“°”≈—ßÕ—¥ Unconfined Compressive Strength (UCS) ¢Õß¥‘π´’‡¡πµå‡ª√’¬∫

‡∑’¬∫°—∫§à“ UCS ¢Õß¥‘π´’‡¡πµåº ¡ “√ Renolith

2. «‘∏’°“√»÷°…“

„π°“√»÷°…“º≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥¥‘π´’‡¡πµå ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫°√≥’„™â¥‘π´’‡¡πµå

º ¡ “√ Renolith  ‰¥â»÷°…“‚¥¬„™âµ—«Õ¬à“ß¥‘π≈Ÿ°√—ß®“°∫àÕ¥‘π„π‚§√ß°“√°àÕ √â“ß∑“ß  “¬«—ß‡¥◊ÕπÀâ“ - «—ßπÈ”‡¬Áπ

®.  √–·°â«  ·≈–‰¥â‡ª√’¬∫‡∑’¬∫§ÿ≥ ¡∫—µ‘§«“¡·¢Áß·√ß¢Õß¥‘π≈Ÿ°√—ßº ¡ªŸπ´’‡¡πµå°—∫°√≥’¥‘π≈Ÿ°√—ßº ¡ªŸπ´’‡¡πµåº ¡

Renolith „π∑—Èß 2 °√≥’‰¥â¡’°“√Àπà«ß‡«≈“°àÕπ∫¥Õ—¥ ‡∑à“°—∫ ‡«≈“ 0  60 120  180 ·≈– 240 π“∑’ ‚¥¬π—∫®“°

‡«≈“∑’Ë‡√‘Ë¡º ¡µ—«Õ¬à“ß¥‘π‡¢â“°—∫ªŸπ´’‡¡πµå®π‡¢â“°—π‰¥â¥’ ‚¥¬ —ß‡°µ®“° ’¢Õß«— ¥ÿº ¡ ∑—Èßπ’È°“√º ¡¥â«¬¡◊Õ„™â

‡«≈“°“√º ¡‰¡à‡°‘π 20 π“∑’ À≈—ß®“°π—Èπ‰¥â∫à¡µ—«Õ¬à“ß„π∂ÿßæ≈“ µ‘°‡æ◊ËÕ‰¡à„Àâ§«“¡™◊Èπ‡ª≈’Ë¬π·ª≈ßπ“π 7 «—π
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·≈–∑¥ Õ∫°”≈—ßÕ—¥¢Õß«— ¥ÿº ¡¥â«¬«‘∏’ Unconfined Compression Test ªŸπ´’‡¡πµå∑’Ë„™â‡ªìπªŸπ´’‡¡πµåæÕ√åµ

·≈π¥åª√–‡¿∑∑’Ë 1

2.1 ®”π«πµ—«Õ¬à“ß„πß“π«‘®—¬

®”π«πµ—«Õ¬à“ß∑’Ë„™â„π°“√«‘®—¬§√—Èßπ’È·≈–®”π«π∑’Ë„™â„π°“√∑¥ Õ∫∑—ÈßÀ¡¥‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 √“¬≈–‡Õ’¬¥·≈–®”π«πµ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥ Õ∫

2.2 ¡“µ√∞“π∑’Ë„™â„π°“√∑¥ Õ∫

¡“µ√∞“π∑’Ë„™â„π°“√∑¥ Õ∫„π°“√«‘®—¬∑—ÈßÀ¡¥„™â¡“µ√∞“π°“√∑¥ Õ∫µ“¡¡“µ√∞“π¢Õß°√¡∑“ßÀ≈«ß

[6] ¥—ßµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2  ¡“µ√∞“π∑’Ë„™â„π°“√∑¥ Õ∫

°“√∑¥ Õ∫ ¡“µ√∞“π

°“√∑¥ Õ∫À“§à“§«“¡∂à«ß®”‡æ“–

°“√∑¥ Õ∫À“¢π“¥¢Õß‡¡Á¥«— ¥ÿ‚¥¬ºà“πµ–·°√ß·∫∫≈â“ß

°“√∑¥ Õ∫À“§à“ Liquid Limit (LL) ¢Õß¥‘π

°“√∑¥ Õ∫À“§à“ Plastic Limit (PL) ¢Õß¥‘π

°“√∑¥ Õ∫À“§à“§«“¡ ÷°À√Õ¢Õß Coarse Aggregate ‚¥¬

„™â‡§√◊ËÕß Los Angles Abrasion

°“√∑¥ Õ∫ Compaction Test  ·∫∫ Ÿß°«à“¡“µ√∞“π

°“√∑¥ Õ∫‡æ◊ËÕÀ“§à“ CBR

°“√∑¥ Õ∫‡æ◊ËÕÀ“§à“ Unconfined Compressive Strength

∑≈.-∑ 101/2515

∑≈.-∑ 205/2517

∑≈.-∑ 102/2515

∑≈.-∑ 103/2515

∑≈.-∑ 202/2515

∑≈.-∑ 108/2517

∑≈.-∑ 109/2517

∑≈.-∑ 105/2515

µ—«·ª√ ®”π«π À¡“¬‡Àµÿ

®”π«πµ—«Õ¬à“ß/™ÿ¥°“√∑¥≈Õß

ª√‘¡“≥ªŸπ´’‡¡πµå (§à“)

ª√‘¡“≥ Renolith (§à“)

‡«≈“∑’ËÀπà«ß°àÕπ°“√∫¥Õ—¥ (§à“)

Unconfined Compression Test

®”π«πµ—«Õ¬à“ß√«¡

3

4

4

5

72

72

„™â§à“‡©≈’Ë¬¢Õß°”≈—ßÕ—¥„π·µà≈–™ÿ¥°“√∑¥≈Õß

0% 2% 3% ·≈– 4 % ¢ÕßπÈ”Àπ—°¥‘π·Àâß

0% 5% 10% ·≈– 15% ¢ÕßπÈ”Àπ—°ªŸπ´’‡¡πµå

‰¡à‡°‘π 20  60  120  180  ·≈– 240 π“∑’

‰¡à√«¡°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õß¥‘π
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2.3 ≈”¥—∫¢—ÈπµÕπ¢Õß°“√«‘®—¬

≈”¥—∫¢—ÈπµÕπ¢Õß°“√«‘®—¬π’È·∫àßÕÕ°‡ªìπ 3 ¢—ÈπµÕπ

2.3.1 °“√∑¥ Õ∫À“§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õß¥‘π

¥‘π≈Ÿ°√—ß∑’Ëπ”¡“„™â„π°“√«‘®—¬ ‰¥âºà“π°“√∑¥ Õ∫‡æ◊ËÕÀ“§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ¥—ßµàÕ‰ªπ’È °“√

∑¥ Õ∫À“¢π“¥¢Õß‡¡Á¥«— ¥ÿ‚¥¬ºà“πµ–·°√ß·∫∫≈â“ß °“√∑¥ Õ∫À“§à“§«“¡∂à«ß®”‡æ“–§à“ Liquid Limit (LL) §à“

Plastic Limit (PL) ¢Õß¥‘π≈Ÿ°√—ß œ≈œ

2.3.2 °“√∑¥ Õ∫À“ª√‘¡“≥´’‡¡πµå∑’Ë‡À¡“– ¡

°“√∑¥ Õ∫À“ª√‘¡“≥ªŸπ ’́‡¡πµå∑’Ë‡À¡“– ¡ ‡æ◊ËÕÀ“ª√‘¡“≥ªŸπ ’́‡¡πµå∑’Ë®–π”‰ª‡ªìπ à«π º ¡

„π¥‘π ’́‡¡πµå ·≈–¥‘π ’́‡¡πµåº ¡ “√º ¡‡æ‘Ë¡ Renolith ‡æ◊ËÕ»÷°…“∂÷ßº≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥

‚¥¬°”≈—ß√—∫·√ßÕ—¥ Ÿß ÿ¥∑’ËÕ“¬ÿ°“√∫à¡ 7 «—π ‰¡àπâÕ¬°«à“ 250 ªÕπ¥åµàÕµ“√“ßπ‘È« (17.5 °°./´¡.2)  µ“¡¡“µ√∞“π

°√¡∑“ßÀ≈«ß¢Õß«— ¥ÿæ◊Èπ∑“ß¥‘π  “¡“√∂· ¥ß‡ªìπ·ºπ¿Ÿ¡‘‰¥â¥—ß√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 ·ºπ¿Ÿ¡‘°“√∑¥≈ÕßÀ“ª√‘¡“≥ªŸπ´’‡¡πµå∑’Ë‡À¡“– ¡
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√Ÿª∑’Ë 2 ·ºπ¿Ÿ¡‘°“√∑¥ Õ∫‡ª√’¬∫‡∑’¬∫º≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥

√–À«à“ß¥‘π°√≥’´’‡¡πµå°—∫°√≥’¥‘π´’‡¡πµåº ¡ “√ Renolith
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2.3.3 °“√»÷°…“º≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥µàÕ°”≈—ßÕ—¥¢Õß¥‘π

‡π◊ËÕß®“°™à«ß‡«≈“°àÕπ°“√∫¥Õ—¥∑’Ë¬“«π“π¡’º≈µàÕ°”≈—ßÕ—¥  „π°“√»÷°…“π’È®–»÷°…“‡ª√’¬∫

‡∑’¬∫°”≈—ßÕ—¥¢Õß¥‘π´’‡¡πµå°—∫°√≥’°”≈—ßÕ—¥¢Õß¥‘π´’‡¡πµåº ¡ “√ Renolith ∑’Ë™à«ß¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√

∫¥Õ—¥µà“ßÊ ´÷Ëß®– “¡“√∂· ¥ß·ºπ¿Ÿ¡‘‰¥â¥—ß√Ÿª∑’Ë 2

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

3.1 §ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õßµ—«Õ¬à“ß¥‘π≈Ÿ°√—ß (lateritic soil) ∑’Ëπ”¡“»÷°…“«‘®—¬¡’§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ· ¥ß

¥—ßµ“√“ß∑’Ë 3

µ“√“ß∑’Ë 3   ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õßµ—«Õ¬à“ß¥‘π∑’Ë„™â„π°“√»÷°…“«‘®—¬

 ¡∫—µ‘¢Õß¥‘π≈Ÿ°√—ß

Textural Composition :

Gravel Fraction, > 4.76 mm., %

Sand Fraction, 4.76 - 0.075 mm., %

Silt and Clay Fraction, < 0.075 mm., %

 ¡∫—µ‘∑“ß°“¬¿“æ :

Liquid Limit, %

Plastic Limit, %

Plasticity Index, %

Specific Gravity

 ¡∫—µ‘∑“ß«‘»«°√√¡ :

Modified Procter Compaction Test

Maximum Dry Density, t/m3

Optimum Moisture Content, %

Los Angeles Abrasion of Coarse Aggregate, %

Unconfined Compressive Strength, kg/cm2

California Bearing Ratio, CBR soaked at 0.2" (%)

°“√®”·π°¥‘π :

AASHTO

Unified Soil Classification

54.04

32.61

13.35

32.70

21.91

10.79

2.75

2.18

7.8

32.2

1.59

35.80

A-2-6 (0)

GC
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3.2 º≈°“√∑¥ Õ∫‡æ◊ËÕÀ“ª√‘¡“≥ªŸπ ’́‡¡πµå∑’Ë‡À¡“– ¡  ‡æ◊ËÕπ”‰ª‡ªìπ à«πº ¡„π¥‘π´’‡¡πµå·≈–¥‘π´’‡¡πµå

º ¡ “√ Renolith „π°“√»÷°…“º≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥ ‚¥¬„™â§à“‡ªÕ√å‡´ÁπµåªŸπ´’‡¡πµåµàÕπÈ”Àπ—°

º÷Ëß·Àâß ≈Ÿ°√—ß∑’Ë„Àâ§à“°”≈—ßÕ—¥‰¡àπâÕ¬°«à“ 17.5 °°./´¡.2  ∑’Ë√–¬–‡«≈“°“√∫à¡µ—«Õ¬à“ß 7 «—π ·≈–·™àπÈ”°àÕπ°“√∑¥ Õ∫

2 ™—Ë«‚¡ß  “¡“√∂· ¥ßº≈‰¥â¥—ß√Ÿª∑’Ë 4

√Ÿª∑’Ë 4 §«“¡ —¡æ—π∏å√–À«à“ß§à“ UCS ·≈–ª√‘¡“≥ Cement Content

®“°º≈°“√∑¥ Õ∫‡æ◊ËÕÀ“ª√‘¡“≥ªŸπ ’́‡¡πµå∑’Ë‡À¡“– ¡ ‡æ◊ËÕ∑’Ë®–π”‰ª‡ªìπ à«πº ¡„π¥‘π ’́‡¡πµå·≈–

¥‘π´’‡¡πµåº ¡ “√º ¡‡æ‘Ë¡ Renolith ‡æ◊ËÕ»÷°…“∂÷ßº≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥ ‚¥¬„™â§à“ª√‘¡“≥

´’‡¡πµåµàÕπÈ”Àπ—°¥‘πº÷Ëß·Àâß ∑’Ë„Àâ§à“ UCS 17.5 °°./´¡.2 ∑’Ë√–¬–‡«≈“°“√∫à¡µ—«Õ¬à“ß 7 «—π ·≈–·™àπÈ”°àÕπ°“√∑¥ Õ∫

2 ™—Ë«‚¡ß „π°√≥’π’È°”Àπ¥Õ—µ√“ à«π§«“¡ª≈Õ¥¿—¬¢Õß°”≈—ßÕ—¥‡∑à“°—∫ 1.6 ‰¥â§à“ cement content ‡∑à“°—∫√âÕ¬≈– 3

¢ÕßπÈ”Àπ—°¥‘πº÷Ëß·Àâß

3.3 º≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥µàÕ§à“ UCS ¢Õß¥‘π´’‡¡πµå‡ª√’¬∫‡∑’¬∫°—∫°√≥’¢Õß¥‘π

´’‡¡πµåº ¡ “√ Renolith ·≈–º≈°“√∑¥ Õ∫‰¥â· ¥ß¥—ß√Ÿª∑’Ë 5
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√Ÿª∑’Ë 5 §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥ (Unconfined Compressive Strength, UCS)

°—∫™à«ß‡«≈“∑’ËÀπà«ß°àÕπ°“√∫¥Õ—¥¢Õßµ—«Õ¬à“ß¥‘π´’‡¡πµåº ¡ “√ Renolith

º≈°“√»÷°…“¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥¥‘π ’́‡¡πµå ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫°√≥’¥‘π ’́‡¡πµåº ¡ “√

Renolith æ∫«à“ ‡¡◊ËÕ‡«≈“Àπà«ß‡æ‘Ë¡¢÷Èπ §à“ UCS ¢Õß¥‘π´’‡¡πµå·≈–¢Õß¥‘π´’‡¡πµåº ¡ “√ Renolith ¡’·π«‚πâ¡

≈¥≈ß„πÕ—µ√“  2.1 °°./´¡.2 µàÕ™—Ë«‚¡ß¢Õß°“√Àπà«ß‡«≈“ ·≈–æ∫«à“§à“ UCS ∑’Ë‰¥â‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë¡’π—¬ ”§—≠

°—∫ª√‘¡“≥ Renolith „πª√‘¡“≥√âÕ¬≈– 0 √âÕ¬≈– 5 ·≈–√âÕ¬≈– 10 ·µà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ Renolith „π à«πº ¡

‡ªìπ√âÕ¬≈– 15 §à“ UCS ¢Õß«— ¥ÿ∑’Ëº ¡ “√ Renolith ∑—ÈßÀ¡¥¬—ß„Àâ§à“‡©≈’Ë¬ Ÿß¢÷Èπ√âÕ¬≈– 20 ¢Õß∑ÿ°™à«ß√–¬–

°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¥‘π´’‡¡πµåº ¡ “√ Renolith √âÕ¬≈– 0 √âÕ¬≈– 5 ·≈–√âÕ¬≈– 10

„π°√≥’  ÿ¥∑â“¬∑’Ë„Àâ°”≈—ßÕ—¥¢Õß¥‘π´’‡¡πµå‰¡àµË”°«à“ 17.5 °°./´¡.2  “¡“√∂¢¬“¬√–¬–°“√Àπà«ß‡«≈“°àÕπ°“√∫¥

Õ—¥ÕÕ° ‰ª‰¥âπ“π∂÷ß 4 ™—Ë«‚¡ß
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4.  √ÿªº≈·≈–¢âÕ‡ πÕ·π–

4.1  √ÿªº≈

1.  ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õßµ—«Õ¬à“ß¥‘π≈Ÿ°√—ß  °“√®”·π°¥‘πµ“¡√–∫∫ AASHTO µ—«Õ¬à“ß¥‘πÕ¬Ÿà„π°≈ÿà¡

A-2-6(0) ·µàÀ“°®”·π°µ“¡√–∫∫ Unified Soil Classification ¥‘π≈Ÿ°√—ß®–®—¥Õ¬Ÿà„π°≈ÿà¡ GC

2. ª√‘¡“≥ªŸπ ’́‡¡πµåæÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ∑’Ë‡À¡“– ¡¡’§à“‡∑à“°—∫√âÕ¬≈– 3 ¢ÕßπÈ”Àπ—°¥‘πº÷Ëß·Àâß

„π°√≥’∑’Ë®–π”‰ª‡ªìπ à«πº ¡„π¥‘π´’‡¡πµå·≈–„π¥‘π´’‡¡πµåº ¡ “√ Renolith ‡æ◊ËÕ»÷°…“∂÷ßº≈°√–∑∫¢Õß°“√

Àπà«ß‡«≈“ °àÕπ°“√∫¥Õ—¥ ∑’Ë„Àâ§à“ UCS ‰¡àπâÕ¬°«à“ 17.5 °°./´¡.2 Õ—µ√“ à«π§«“¡ª≈Õ¥¿—¬¢Õß°”≈—ßÕ—¥‡∑à“°—∫

1.6 ∑’Ë√–¬–‡«≈“°“√∫à¡µ—«Õ¬à“ß 7 «—π·≈–·™àπÈ”°àÕπ°“√∑¥ Õ∫ 2 ™—Ë«‚¡ß

3. º≈¢Õß√–¬–°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥¢Õß∑—Èß°√≥’¥‘π´’‡¡πµå·≈–°√≥’¥‘π´’‡¡πµåº ¡ “√

Renolith æ∫«à“‡¡◊ËÕ‡«≈“∑’ËÀπà«ß‡æ‘Ë¡¢÷Èπ §à“ UCS ®–¡’·π«‚πâ¡≈¥≈ß„πÕ—µ√“ 2.1 °°./´¡.2 µàÕ™—Ë«‚¡ß ‚¥¬æ∫«à“§à“

UCS ∑’Ë‰¥â‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë¡’π—¬ ”§—≠°—∫ª√‘¡“≥ Renolith „πª√‘¡“≥√âÕ¬≈– 0 √âÕ¬≈– 5 ·≈–√âÕ¬≈– 10 ·µà

‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ Renolith ‡ªìπ√âÕ¬≈– 15 §à“ UCS ¢Õß«— ¥ÿ∑’Ëº ¡ “√ Renolith ∑—ÈßÀ¡¥¬—ß„Àâ§à“‡©≈’Ë¬ Ÿß¢÷Èπ√âÕ¬≈–

20 ¢Õß∑ÿ°™à«ß‡«≈“°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¥‘π´’‡¡πµåº ¡ “√ Renolith √âÕ¬≈– 0

√âÕ¬≈– 5 ·≈–√âÕ¬≈– 10

4.  ”À√—∫°“√ªØ‘∫—µ‘ß“π„π π“¡ °√≥’∑’Ë§«∫§ÿ¡°”≈—ßÕ—¥¢Õß¥‘π´’‡¡πµå‰¡àµË”°«à“ 17.5 °°./´¡.2 µ“¡

¡“µ√∞“π°√¡∑“ßÀ≈«ß æ∫«à“ “¡“√∂¢¬“¬√–¬–°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥‰¥âπ“π∂÷ß 4 ™—Ë«‚¡ß ‡¡◊ËÕ„™âª√‘¡“≥

 “√º ¡‡æ‘Ë¡ Renolith √âÕ¬≈– 15 ‚¥¬πÈ”Àπ—°¢ÕßªŸπ´’‡¡πµå

4.2 ¢âÕ‡ πÕ·π–

1. §«√»÷°…“‡æ‘Ë¡‡µ‘¡º≈°√–∑∫¢Õß√–¬–‡«≈“°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥¢Õß¥‘π„π°√≥’º ¡ “√

Õ◊Ëπ‡™àπ ªŸπ¢“« (lime) ‡ª√’¬∫‡∑’¬∫°—∫º≈°√–∑∫¢Õß°“√Àπà«ß‡«≈“°àÕπ°“√∫¥Õ—¥¢Õß¥‘πªŸπ¢“« (soil-lime) ‚¥¬

„™â “√º ¡‡æ‘Ë¡ Renolith

2. ‡π◊ËÕß®“°°“√‡µ√’¬¡µ—«Õ¬à“ß‡æ◊ËÕ»÷°…“«‘®—¬„π§√—Èßπ’È  „™â«‘∏’°“√‡µ√’¬¡µ—«Õ¬à“ß·∫∫ Dynamic Com-

paction ®÷ß‡ªìπ°“√¬“°∑’Ë®–§«∫§ÿ¡§à“§«“¡Àπ“·πàπ¢Õßµ—«Õ¬à“ß∑¥ Õ∫„Àâ§ß∑’Ë ¡Ë”‡ ¡Õ‰¥â §«√¡’°“√»÷°…“·≈–

«‘®—¬‡æ‘Ë¡‡µ‘¡ ‚¥¬‡ª≈’Ë¬π«‘∏’°“√‡µ√’¬¡µ—«Õ¬à“ß∑’Ë “¡“√∂§«∫§ÿ¡§à“§«“¡Àπ“·πàπ‰¥â¥’¢÷Èπ ‡™àπ °“√‡µ√’¬¡µ—«Õ¬à“ß·∫∫

Static Compaction À√◊Õ Kneading Compaction ‡ªìπµâπ
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3. °“√„™â “√º ¡‡æ‘Ë¡ Renolith „π°√≥’∑’Ëß“π¡’ª√‘¡“≥¡“° ‡™àπ °“√ √â“ß∂ππ §«√»÷°…“º≈°√–∑∫µàÕ

 ‘Ëß·«¥≈âÕ¡·≈–πÈ”∫“¥“≈

5. °‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥∫ÿ§§≈∑à“πµà“ßÊ ∑’Ë¡’ à«π™à«¬∑”„Àâ°“√∑”ß“π«‘®—¬„π§√—Èßπ’Èª√– ∫º≈ ”‡√Á®‰ª‰¥â¥â«¬¥’

Õ“®“√¬å¿“§«‘™“«‘»«°√√¡‚¬∏“ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ §ÿ≥ ÿ¡‘µ√“ ‡Õ°

 ‘∑∏‘™—¬  ºŸâ®—¥°“√ΩÉ“¬°“√µ≈“¥ (µà“ßª√–‡∑») ·≈– §ÿ≥°ƒ…≥– º‚≈ª°√≥å «‘»«°√‚¬∏“ ∫√‘…—∑ æ’. Õ“√å. ’́. ·ª ‘́øî°

√’´Õ√å ‡´  ®”°—¥ ´÷Ëß‰¥âÕ”π«¬§«“¡ –¥«°„π¥â“ππÈ”¬“ Renolith ‡æ◊ËÕ„™â‡ªìπ “√º ¡‡æ‘Ë¡·≈–µ—«Õ¬à“ß¥‘π≈Ÿ°√—ß

 ”À√—∫»÷°…“«‘®—¬ ®π∑”„Àâ°“√∑”ß“π«‘®—¬„π§√—Èßπ’È ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’ ª√–‚¬™πåÕ—π„¥∑’Ë‡°‘¥®“°ß“π«‘®—¬π’È ¬àÕ¡

‡ªìπº≈¡“®“°§«“¡°√ÿ≥“¢Õß∑ÿ°∑à“π¥—ß°≈à“«¢â“ßµâπ  ºŸâ«‘®—¬√Ÿâ ÷°´“∫ ÷́Èß‡ªìπÕ¬à“ß¬‘Ëß ®÷ß„§√à¢Õ¢Õ∫æ√–§ÿ≥Õ¬à“ß Ÿß‰«â

≥ ‚Õ°“ π’È

6. ‡Õ° “√Õâ“ßÕ‘ß
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